1 Cell Culture Field of the Invention The invention
relates to cell culture, and in particular to the
culture of primary cells, ce/l lines, pluripotent
cells, totipotent cells and stemcells and the

regul ation of their various cellular processes

t hrough nodul ation of cell culture conditions. The
invention relates to the use of nultiple culture
steps under a plurality of conditions to nodul ate

cel lul ar pat hways and picellicitareret hods f or
determning the effect of diverse nultiple culture
step regimes on cellular processes such as growt h,
Kieldiaf tntnivestion and netabolic activity. Background to
the Invention Over recent years cell culture has
beconme a core technology in the |ife sciences.
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different cells. Many tinmes these will sinply be
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i nstance cel |l -based assays descri bed bel ow. Primry
cells, i.e. cells freshly isolated from3 tissues,
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are based on the perception that cell culture is
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to achieve a desired effect. The invention
The present invention provides novel cell culture techniques which are based on the
perception that cell culture is better approached as a dynamic process involving serial
culture steps performed in a defined sequence to achieve a desired effect. The invention
recoghises that sequential exposure to selected agents may be exploited to modulate



recogni ses that sequential exposure to selected agents
may be exploited to nodulate 4 cellular processes and
t hus achieve a I evel of control over these which was
not previously attainable by conventional techniques.
The invention addresses the problemthat cell culture
techniques involving a pluralgty of steps and agents
are in practice difficult if not inpossible to

d@éuahmpi*&e@éscwmw %@ve £IRET bITesitdl I8 theké Qhudhnwas not
t he r|or hasqul d trial and error. Owing t

1 W@V‘ Wé’yﬁﬁFYﬁ"B" e &Rt i onal cell cult ure

enpirical determ nation of tissue culture conditions

S OB bl 5 GRSt Rl AR bl o

f bleps anbpgsots, are e practicerdiffiont nbm’mhnmubb tosletepiing by conventional
de npgﬁ:%ﬁthﬁlﬂ\ yihenChnf F‘st pridh oft Msuih%ltédy mapfan&té {-‘E ei:nng to the

itions on a cel nmprisin
p%ﬂtremw natyre PE?OT%’@WOB@' cgll %HIB'? gnpipeal Ide ﬁ?'{'%tméé’& sue culture

CedHidntibAd MOcoPipfex) Uity eCfrotaiiuresas HoLiRSBIE ) pRidtick as it involves
groups. .t o EF ired culture conditions; (b) subdividing

oﬁ'@sé‘fe said groups to create a further set of
groups of cell units (c) exposing said further
g{n%if,}& s?eét ul'hE rﬂé\{?(%s %Li'l(]%tgiéoefo Q%Q}rﬁdélfr@?'rev ﬁfagt)of a plurality

r@fcﬂyimféée"d&ms 96}3 C&L‘.sié@e'i'ﬁ*@ thengleps t1*fect on a given cell
uni t  qby prbqdiny btrvt QeWQEBubé einselt ity \Bich tombrisifipénd X @bre cells,
ex sed Ady nat eousl| s oif cells
psig Taédagrﬁié tﬁ\?@ﬂ?ﬁdd’Ht‘ﬁ? g‘”ﬁ’%f‘% and sunsequertly
s pI i t.(bjldubdividing che jor b of eald grdopsltoneedie atfirther sai efgroups of cell
' p# Jdes a method for determning the effect of a
ur

ality of culture conditions on a cell, conprising
t he st(e)_@pos@mg sgichiurtperareus iFngﬁhqfldﬁﬂteds%ll’mf@PO@'f@l]%s of
cel | oﬁaﬁ@heﬁéaﬁﬁg 5@bI®) 00 itOativERf £ e Qhifed; andand
sai d groups to desire ondl ti

exposi n cult e

(b) pdslg?%ssst%ﬂ\sre%ﬁﬁrog Bever gl it o e IO applions to which it
| ksHeenerpgsedl ; (c) subdi vi di ng the pool to create a
further set of groups of cell units; (d) exposing

sai d further oups to desired cul ture condi ti ons; (%)
opdvanrigequpty, l%@@twmg oift eafis gosgrding( &) the emmthnelape #ools and

r @mubduRdiy spid Thi, irPS piefetled 8mboEimehd ﬁlét(i:nﬁr@moﬂ p@é\)ﬁﬁ@ aG@dthod for

unlt of ul.t yre condi ns to ha
TR 8 0 LA o TS OIS D19 ptporprsing the steps
pdifocesses i ncludi ng the phenotype, genotype,

{a) providing a first set of groups of cell units each comprising one or more cells,
and exposing said groups to desired culiure conditions; |

(b) pooling two or more of said groups to form at least one pool;

(c) subdividing the pool to create a further set of groups of cell units;

(d) exposing said further groups to desired culture conditions;

(e) optionally, repeating steps (b) - (d) iteratively as required; and

{f) assessing the effect on a given cell unit of the cuiture conditions to which it has
been exposed. '

The invention addresses all cellular processes including the phenotype, genotype,
molecule production, viabllity, and the proliferation and differentiation of cells..



nol ecul e production, viability, and the proliferation
and differentiation of cells.. 5 Preferably, the
invention is used to identify conditions which result
in cellular differentiation. For exanple cells may be
i nduced to differentiate along a desired

devel opnent al pat hway, by subjsecting the cells to
appropriate culture conditions. The timng of the
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how it has been derived fromthe starter cell pool or
culture. Labels nmay take any of a variety of
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- radiofrequency encoded tags, fluorescent or optical tags, and spatial encoding of cell
units on a surface or mafrix.



The nmethod of the invention allows thousands or
mllions of cell culture conditions and reagents to
be tested, in a nultiplexed high-throughput assay, to
determine the conditions necessary to achieve the
desired result wth respect to any cellul ar process.
Therefore, the invention proygides a nethod for
exposing a cell to a variety of cell culture
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In a 'further aspect, the invention provides a -methqd for identifying a gene which
influences a celluiar process, comprising the steps of:
| a) determining the effect of one or more culture conditions on a cell unit,.in
‘accordance with the foregoing aspect of the invention;

'b) analysing gene expression in said cell units when exposed to said culture
conditions; and

¢) identifying genes which are differentially expressed under desired culture
-conditions.

Advantageously, the culture conditions used cause a change in the cellular process;
these culture conditions are selected for the production of cells in which gene expression



i s anal ysed. Gene expression nmay conveniently be

anal ysed using any conparative expression nonitoring
t echnol ogy includi ng PCR- based techni ques, Seri al

Anal ysis of Gene Expression (SAGE), or array

technol ogy such as is widely available from suppliers
such as Affynetrix. In anotherp aspect, the invention
provi des a nethod for producing a nucleic acid which
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adm ni stered to or introduced into the cell to achieve
an increase in its activity. Furthernore, agents
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I mmunoassay. Alternatlvely, the gene products may be 8
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cellular process in a cell, comprising the steps of:
a) Identlfymg one or more genes which are differentially expressed in association
" with a cellular process as set forth above; and
b) detecting the modulation of expression of said one or more genes in a cell,

- thereby determining the state of the cellular process in said cell.

_ Advantageously, the genes employed in this analysis encode cellular markers, which
may be detected for instance by immuno_assay. Altematively, the gene products may be



ot her net hodol ogi es. The invention further provides a
nmet hod for regulating a cellular process, conprising
~the steps of a) determning the effect of one or nore
culture conditions on a cell unit, in accordance wth
the foregoing aspect of the invention; b) exposing a
cell to culture conditions which effect a change in
the cellular process; and c) Isolating the desired
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uni t, ¢nsoksingtsbdekedddih  the foregoi ng aspect of the

i nvention; and b) identifying those agent(s) which

i nduce the desired cellular process in the cell
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matri x that "a asion o
#¥t&ri al . Mcrocarrier culture has signifi cant
advant ages, i ncI uding the scale-up of cultures, and
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‘chemical, biochemical or other techniques, and used in methods for regulatlng particular
cellular processes in cells for example as described herein.

‘The invention moreover broadly provides methods .of culturing celis adherent fo solid
carriers such as microcarriers or beads. Such carriers can be composed of
~macromolecules such as cellulose, dextran, agarose, or acrylamide, or inorganic
materials suc_h as glass. The surfaces of the carriers may be further modified by
physical or chemical treafments, such as adsorption or covalent cross-inking of
molecular entities with a desired charge or other desired characteristic. Alternatively, the
- carrier may consist of a cell or cells encapsulated within a matrix that allows perfusion of



culture conditions as required in order to cause the
desired cellular process. In the broadest enbodi nent,

therefore, the invention provides a nmethod for

culturing cells in vitro, conprising growing said

cells adhered to a m crocani er or bead.

Advant ageously, the cells are,subjected to at |east

one change of culture conditions Preferably, t hey
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culture into two or nore groups of cells, and

culturing said group of cells under two or nore
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ni cr obpailtering the ells uher cOMADA coMifidnecar ri er cul ture has
signi ficant advantages, including the scal e-up of
cultures, and also allows units of stemcells to be
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Advant ageously, the culture is subjected to at | east
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differentiated cells derived from stem cells ‘in vitro, adherent to microcarriers, such as
beads. Microcarrer culture has significant advantages, including the scale-up of
cultures, and also allows units of stem cells to be exposed to selected culture conditions
as required in order to obtain the desired growth and/or differentiation conditions. In one
embodiment, therefore, the invention ‘provides a method for culturing stem cells and
differentiated cells derived from stem cells in vitro, comprising growing said cells adhered
to a microcarrier or bead. |



The invention noreover provides nmethods for culturing
stemcells In which pools of stem cells are created
and subdi vi ded as descri bed for the preceding

enbodi nents of the invention. Thus, in one aspect,
there is provided a nmethod for culturing stemcells
and differentiated cells deri ed fromstemcells in
V|tro conprising the steps o# a) conblnlng one or

coufiafithidetelF g i ks Bl S sl e Gl of shlsn condtions.
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m crocarrier. Brief Description of the Figures Figure

1 shows an exanple of split-pool cell culture
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~are shown In flasks. The cell units are split into
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split-pool cell culture. In this case the experinment
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Brief Description of the Figures

Figure 1 shows an example of split-poo! cell culture perfohned over three rotnds. A
-group of cell units is obtained by growing under a given condition. Cell units are depicted



Figure 3 shows a variation of the split-pool nethod
where sanples fromgroups A. B and C are directly
partitioned into groups D, E and F without prior
pooling. The partitioning of individual cell groups
may be random or may be predeterm ned. Figure 4 shows
a further variation of the split-pool nethod in which
cell groups A, Band C are partitioned into cel"
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aindividdal sell gralips migebe meom.mmmymemetﬁﬂnmht ure of cell
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the cellular effect. Note also that the netho
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aflteadhed t o porous microcarriers (C,ytopore 2,
Aner sham Bi osci ences). Figure 8 Panels A -H show cell
units conprising ES cells expressing a Tau-
Frigyedshens a ﬁplthselrt wrqtegobsonniising A fipt éteelimwaiﬁa c@'mroup As splitto
PR Ul growsES; A &rideD, dndld deaditRster(n whidhedel @rdips B, C and D are split
d,)?ffer t atlg_H@s determ ned by anti body staining fo

glial marker GFAP. Panels A-D show
a ceII unlt observed using a 40x objective under phase
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lineage A only, and assuming the cell culture conditions assayed in the various cell
groupings subsequent to the divergence of lineages A, B and C are identical, then the

conditions of culture of cell group A at the branching point must be essential fo the
cellular effect. Note also that the methods illustrated in Figures 1-6 can be used in a
number of combinations.



anti - GFAP anti body had been omtted. Panel | shows a
conposite i mage obtained by fluorescence m croscopy
showing differentiated enbryonic stemcells grow ng
on a non porous mcrocarrer (Cytodex 3, Anmersham
Bi osci ences). The cells express a Tau-G-P and are
i mmunochen cally stained redygwith a fluorescent
antlbody rai sed against the neuron-specific protein
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Figure 10 shows labelling of cell units using RFID. Panel A: glass encapsulated
radiofrequency transponder ID100-A (Trovan); Panel B: mouse embryonic stem cells
expressing a Tau-GFP fusion protein growing on the straight edge of a glass
encapsulated radiofrequency transponder (light microscopy, top; fluorescence
microscopy, bottom; merged image, centre); (C) shows embryonic stem cells expressing



Figure 12 shows | abeling of mcrocarriers. Panels A
-D. Cytodex 3 mcrocarriers incubated without (A B)
or with (C, D) a biotinylated anti-collagen anti body
stained with streptavidin-FITC and vi ewed under phase
(A, © and fluorescence (B, D) mcroscopy. Panels E
-H Cultispher G mcrocarriggs wthout (E F) or with
(G H crossllnked biotin noieties, stained with
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units. Cytodex 3 beads seeded with ES cells expressing
a tau-GFP fusion protein were |
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Figure 15 filustrates the double-labelling of microcarriers with two diiferent fluorescent
labels. Cytodex 3 microcarriers were incubated with a 1:1 mixture of red and green
streptavidin latex beads. They were viewed under phase microscopy (A) and with filfers
to detect green (C) or red (D) fluorescence. B is a merged -photograprh_of C+D. Each



that labelling of the mcrocanmers results in an
Increase in their red fluorescence signal. Panels E
and F: Analysis of a group of cell units conprising
Cytodex 3 and ES cells expressing a Tau-G-P
transgene. Increased scatter in the plot show ng Ext
vs TOF [E] and the broad ramnge of green fluorescence
(FLU 1) [F] reveal cell units which can be sorted on

inftPodafrf & dubly@ateldaunber . Figure 18 shows
identification of a tag used to |label a cell unit.
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beads. Panels B-D. FACS analysis of a proteolytic
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Labs (Panel C), and 1 pmred fluorescent beads from
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red fluorescent tags, respectively. Panels H - K Calibration of FACS using a control
sample of 1um red-fluorescent latex beads (Sigma) showing the characteristic forward
and side-scatter parameters (H; boxed area) and the characteristic fluorescence intensity
in the FL3 fluorescence channel (). FACS analysis of a single proteolytically digested
cell unit labelled with 1um red-fluorescent latex beads (Sigma), can be carried out by
gating on the previously determined size parameters for the tags (J; boxed area)




grow h and/ or differentiation of cells. Mire
particularly, the termrefers to specific agents

- which may be incorporated into culture nedia and which
may influence the growth and/or differentiation of
cells. Cell Acell, as referred to herein, is defined
as the small est structurallﬂii of an organi sm that
i's capable of Independent fu ioning, or a
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intracel lular or extracellular, which occurs or is
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twtfms m39Sbleoifhcomeﬁteﬁluhtafcdtﬂr%nlflﬁ?!étandmﬁﬂ gi_aqu_iuen@d tRNgrowth
- C - Ool1sm prolifTeration I VI SI Oon,
oa]%fl#oépfgﬁ%ﬁétﬁogﬁ? Ce@?fenot ype, genotype, gene

expression, or the control of these processes. Cell

LRyt A%eﬂ ra@ lt‘&e!‘?éd tﬁ%le}eﬁr i Vé%l" il Ae grﬁai%sgsrg‘ﬁ ﬁgtépltqﬂ %n organism

Pool s of uni t sorte

Hagda wawm M%P@Q%tﬁquwg §r apisgigepied m@am% ceristing of one

Ldfllrﬂidlie nu&lal[raﬁbp:iﬁm ahdl Qbridtﬁairgérﬁﬂbsc el lsurkbﬁ:h&e&&h@%@ﬁup@ﬁneable
EO O or _cells, a

B el e M, el B eak v is o kgt mpasbagteral.
dofF lexample, ey celbmpyi e aaeuHaa@tlc teail.whiMaimialianadélisr ard preferred,

%?%U?a!lgfhﬁﬁ'id IIsTOtdeﬂgtd'ﬁ%]{c é]rAe %ﬁn‘af%‘ q{?édzf%‘al lsu{:ﬁS a8 fgfldeneﬂc

otenfral to e into ah
Olanor pessobalin crisEpato; achieve depigranproperiienh ué\ stamycell is

@@ﬁﬁddqﬁl R detAlPORIRNE af®isi MBSbotdt, pluripotent or multipotent cell capable of
giving rise to more than one differentiated cell type. Stem cells may be differentiated in
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terminally differentiated. Cells differentiated in vitro are cells which have been created
artificially by exposing stem cells to one or more agents which promote cell
differentiation. |



some neans, froma totipotent cell. Pluripotent A
pluripotent cell is a cell which may differentiate

into nore than one, but not all, cell types. Label A

| abel or tag, as used herein, is a nmeans to identify a
cell unit and/or determne a culture condition, or a
sequence of culture conditiongg to which the cell unit
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type. For exanple, a bipotent, pluripotent or
totipotent cell may differentiate Into a neural cell
Differentiati on may be acconpani ed by proliferation,

or may be independent thereof. The term
"differentiation' generally refers to the acquisition
of a phenotype of a mature cgll type froma less
developnentally defined cell type, e.g. a neuron, or a
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transformation, viral transduction, electroporation
and the like. Mdulation The term nodul ation is used
to signify an increase and/or decrease in the

par anmet er bei ng nodul at ed. Thus, nodul ati on of gene
expression includes both increasing gene expression
and decreasi ng gene expressiog Cel | - based assays
Cel | -based assays are an inpo ?ant part of nopbdem

big C nce and co rise a t hat

S E e iR e, A Siohaith vt HpbedoRel p Basarpsence of o
asBarpciesiio sbbof@sraines-or intermediates.- ---- - - 19 across

nearly all stages of the pharnmaceutical drug discovery -

and devel opnent process, and are valuable in
pGERe o B8NS isfaoheieiq A wiiduendedes agerenprodiedl bedt @ padgrieptide or an

t RNAGetedfdduch) A usEH ﬁbr@ﬁh' ?bnesi)ﬁétﬁ@e%‘r at Akt the' 8éditP¥dlience which

how it |nteractsvv| enti al tar et I'n
i §arodes dhe 9 'rfoPmss%%n'b F@Vr E@F’Pa'lyag'élﬂd%%%ﬁ Mok regsilatane geglons

t oedegsary ifdriheainehsurptionl atdforinsiatidnadf tHY daing bequenks -

Cel | - based assays have been devel oped that can be used

to ldentify genes or cellular pathways involved in
dﬁgéas%mﬂﬂ@ceés@ﬂ;ﬂe produpbtie yrically teh proteim encatted lnyf a gene in the

P“tfrrsb’ U8t &P or F'F agﬁ%é‘@@ﬁ%\m%}bﬂ‘géemﬁa used |n

drug di scovery for |ead- conpound di scovery,

IR O e
hieghnrigye: oﬁgﬂﬁfgrably,smm@mam@ syelasissis aubdnhatéah s dtbraassq ywcleic acids
Cﬁlﬁ}q BE RHddfied B R5I0%E Fb!l})llcef @h ki gs ngflgﬁtHéa r‘ﬂ{ I%Bl?c%c'.)r?ﬁ bacterial

suc as absor pti on, ty,

sHeUkpivetiq gels, a‘\?ﬂord!ﬁ%&me%dym kpewrpinthesart t | | ead

conpounds that are selected after cell- based screeni ng
actarize nor e kely to proyide.

"BffteBiiaP FxiSt 2R Ehusd o By pisstiet tliehirh e it psvonse o

s@ﬂsﬁ@ﬂﬂr esongitans@an bé idehiified tygedé sxmession gualysiessiich As on a gene

f I Y
gégir'égre Rf‘ﬁﬁkﬂo@lé‘gip% ig th&%ttt e%@é&?m&?é% d?ﬁér&tih@ é)ﬁ@sgéé éﬁsplay a

dUGRIPLAIRFREr AYantityeof i1 Q@TWO‘%PUQ taerli underetbe test conditions

ethamTumdth altarAAIVe ¢ostitions, afhtiv th bvé&rallGehe xS sidr REdIS -
However, current methodol ogi es are | argely inadequate,

and in particular the use of aninmal nodels for
t Trpefectjors Gepes imay be Yamsiantetsintoeeiisy dryrapproprdts uwisang . The term

19805 il SRS BRI Sl BE it
Fubalsetto fipsivdg Qtbsrieshrigues far trgesfer@nwu:ﬂem @nids into amﬂ including

htaeratioh, virab@srReudtion, AfdtrBshritonRh& i iked. Stem Cel |'s
Stemcells are described in detail in Stem Cells:

Scientific Progress and Future Research
Modulation The term modulation Is used to signify an increase and/or decrease in the

parameter being modulated. Thus, modulation of gene expressnon includes both
increasing gene expressxon and decreasing gene expression

Ceil-hased assays

Cell-based assays are an important part of modern biomedical sciences and comprise
any assay that involves a step in which a cell is used. Celi-based assays can be used
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pur poses of this discussion a key characteristic is
the ability to differentiate into a different cel
type. Exanples of stemcells are given bel ow
Different stemcells have differing potential to form
various cell types: spermatogonial stemcells are

uni potent as they naturally oduce only spernmatozoa,
whereas 21 haenmatopoietic stemcells are nmultipotent,
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. Different stem cells have differing potential to form various cell types: spermatogonial
~ stem cells are unipotent as they naturally produce only spermatozoa, whereas



cells. These are cells that are partially restricted
intheir differentiative potential and occur in
probably all of the tissues of the body - they are
capable of differentiating but differ fromstemcells
in that their repertoire is not as broad, and by
definition they are not capalle of self-renewal. 22
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sufficient for inhibiting nurine ES cel
differentiation. Wthin the cell, a crucia
downstream ef fector of gpl30 is the signal transducer
and activator of transcription-3 (STAT-3). Another
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fibroblast gromh factor (bFGF), activin-A,
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In a further exanple of serial cell culture, Lunelsky
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factors. One inportant factor is the decision of

whet her to propagate the cells in suspension or as a
nonol ayer attached to a substrate. Most cells prefer
to adhere to a substrate although sone, including
transfornmed cells, haematopoletic cells, and cells
fromascites, can be propagajgd in suspension. 26
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be achieved, by way of illustration, by growmng cells
as adherent cultures on solid substrates such as
carriers. If cell proliferation occurs after seeding
on the carriers, the daughter cells will attach on
the same carrier and formpart of the sane colony. In
general, live adherent cells2do not readily dissociate
fromtheir gromh substrate, and so the integrity of
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mcrocarrier cell culture (see 'Mcrocarrier cel
culture, Principles and Methods', Edition AA
avai | abl e from Anersham Bi osci ences (18-1140-62);
herein incorporated in its entirety by reference).
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confined within a nedi um perneabl e barrier. Menbrane
culture systens have been devel oped where a perneabl e
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factor(s) with a cell group, in addition to
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2) and in one enbodi nent involves the seria
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conbi nations of culture conditions sanpled by the
experinment. This procedure can be wused to sanple
growh or differentiation conditions for any cel

type, or the efficiency of bionolecule production
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follow a predeterm ned protocol. \Were cell units are
split and/or pooled randomy, the segregation of a
given cell unit into any group Is not predetermn ned or
prejudiced in any way. In order to result in a high
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the cell units being assayed to provide a specific
readout of (living) cells. Live cells can be
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endogenous gene(s). This can be achi eved by
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respect to a particular experimental outcome. It would therefore be possible to evajuate '



Exanple 1- Differentiation of ES cell wunits using
split-pool cell culture A split-pool culture
experiment was perforned in order to assay tissue
culture conditions that mght give rise to neurons of
a dopam nergi c phenotype using a starter culture of
undi fferenti ated nouse ES cells. Undifferentiated ES
cells were grown on gelatin-coated tissue culture
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The vpnioniretsity dparsbet e talePBgstantes oni um by

serumfree Insulin / Transfenin I Sel enium/

?%Q&@ESCt'n (1 TSFn) medi um and i ncubating for 10 days.
ese nestin-positive cells were used as the starting

material for a split-pool culture experinent.
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coerthel ES dell niedimm. REEr 245) of ailteie, selectlon of nestin-positive cells was

accomplished by replacing the ES cell medium by serum-free Insulin / Transferrin /

‘Selenium / Fibronectin (ITSFn) medium and incubating for 10 days.

These nestin-positive cells were used as the starting material for a split-pool culture
experiment. Specifically, the cells were dissociated by 0.05% trypsin/0.04% EDTA, and
seeded on >10,000 glass biospheres (Wh.étman, UK) at approximately 1.5-2 x 10° cells
cm™, Tissue culture dishes used henceforth were made from non-adherent material.



A4 N2 medi um suppl enented with I g m-1 of lam nin, 10
ng mM" of bFGF (R&D Systens, M nneapolis, MN), nurine
N-term nal fragnent of SHH (500 ng ml -1, R&D Systens)
and murine FGF8 isoformb (100 ng nr', R&D Systens).
Table 1 The four sets of beads were exposed to the
respective tissue culture nedj,a for two days and then
beads fromall four cultures wer e pooI ed, washed

oS st ot Wi iR Bl {15 & AP ag Bl (1 1
At e bothwivom d3actont Dickinguno Lalshare; Bexdford,eMAnt e amsnwenendlwded

ol‘fégé’d'rrg{r f?ltole%[]péleﬁ% Ceglzljl oﬁbﬂléﬁmdfs lhEhb\éﬁEl J%J%f ?ﬁME %uﬁ&‘é media

daried Abnfd) A3 %M) whasp comees ane!s@wsw &able ickihas These are

bidsed lodl N mbdiuAEidbdifiad é’é&@lrdfr@ﬁgoﬁh¥ ef Bl {{ogb n(?g%{souaéévv,v%m, p

b2 an elhis renilontstoedia poly 38 08 TORMIDS (| on i <
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1e 2 Each round of culture was for five days, t
beads fromall four cultures were pooled, washed
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e where
gL wWhich was igeuated iy ope H{e%an"‘%“h'@e@% ?‘re{"’ﬁﬁe &1. "B2, B3 or B4)
mbsmpwgoMIgweﬁheTMBamence of each | abel
differed so as to distinguish between the different
nedia (i.e..nmediumA vs

n
)
hen

Bl N2 medium supplemented with 1 pg m! ™ of laminin, 10 ng ml ™ of bFGF (R&D Systems,
Minneapofis, MN), murine N-terminal fragment of SHH (500 ng ml ™!, R&D Systems) and
murine FGF8 isoform b (100 ng ml =, R&D Systems).

§ B2 N3FL medium: DMEM/F12 (1:1) medium containing insufin (ZSpQIml) transferrin
(50pg/ml), progesterone (20nM),putrescine (10014M) selenium chloride (30nM), bFGF
{Sng/ml) and laminin (1pg/mi),

B3 N2 medium supplemented with 25mM HEPES {pH 7.4), iarnInin {1 mgmi 7}, cAMP {1 pM,
Sigma, St. Louis, MO) and ascorbic acid (200 pM, Sigma, St. Louis, MO).

B4 | N2 medium supplemented with laminin {1 mg ml ), cAMP (1 uM, Sigma, St. Louis, MO)
and ascorbic acid (200 uM, Sigma, St. Louis, MO).




medi um A2) and al so exposure to the same nmedi um on two
different rounds of split pool culture (i.e. nedium
Al used on Day 0 vs on day 4). A summary of the split
pool culture reginen in the various nedia over a
total of 21 days is given in Table 3 below Each

entry in the table al so showgz(in parentheses) the
identity of the |abel included in the tissue culture
fiaggle. The full DNA sequence of the |abel is shown in
Table 4. Day O Day 2 Day 4 Day 6 Day | | Day 16 Al
(L) A (L5 A (L9 B1 (L13) Bl (L17) Bl (L21) A2
Eazh) rodBd bf-ﬁl)itua‘b?wéé-ﬂe@fv@aa Lihén bBds(ttoh® il Bar Edlt%?@s we‘?@ pooled,

OR)ed b G i ity or G5 R i g nubled

TaoneeofInddia B1-B4. This procedure was carried out a total of three times, such that

L s

TGCAGGAATTCGCGCTATGCTgACGT GAAG: CACGT000CaCCGECCGCCGACCC

(rclided\htheebfpoditon of the different culture media was a unique oligonucleotide
T ATCCTCACGTGAAGa CGTCGCGGCG(%CGCC?BA CCC
i the glass microcarriers (or cells) in small quantities and was
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fBGIGBNA TRECUESUs Infedia over a total of 21 days is given in Table 3 below. Each
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GCCCGAATTCCTG LIO
TCEACCANTITFCEOECTATCCTAAGGIGAAGACH CGTCGCCACaGLCCELCCGACCC

Y dcan -3 G qu?ﬂ Day 6 Day 11 Day 16
AGEAGGAART CEDGCT AT ES AACGTAGAREAChBALCOCCAMTUGETIOGACCCGG
S AN N P SN S S 2R
AT AT T BaL 3(L19 3).

ACERGGAN (CECCCT AR A PNAQPAGNABACPBE - EBCCABEHRECCAGACCC

(&

TEHERAATTCCTG ™ LT14
TGCAGGAATTCGCGCTATGCTAACOTGAAGACA/ GTCGCCACCaCCGCCGACCC

% GCAGGA

L 31 s aAn

jLz= GGCGCT ATGCTAAIGTGMGACQCGTCGCGACGGCGGCGGACCCGGCCGMTI’CQ X¢]
113 TGGAGGAATI‘CGGGC?ATG CTAAGATGAAGACASGTCGECCACCICCGCCEGACCCGGCCRAATICCTG
Li4 ‘ TGCAGGAATICGCGCT. ATGCTAACITGAAGACAIGTCGCCACCACCGCLGACCCGECOGAATICCTG

L1& TGCAGGAATTCGCGCTATGCT. AACGTGAAGACAaGTCGCCACCECGCCGACCCGGCCGM TIGCTG




L21

TGCAGGAAT TCGCCCTATGCTAACGTaAAGACACGECCGCCACCGECg GCCGACC
GGGECCGAATTCCTG  L22 _

TGCAGGAAT TCGCGCTATGCr AACGTgAAGACACGE CGCCACCGECaGCCGACCC
GCCCGAATTCCTG  L23 _
TGCAGGAATTCGCGCTATGCTAACGT CARHGACACGA CGCCACCELt GCCGACCC
GCCCGAATTCCTG  L24
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Taitds 4col s. Briefly, cells were fixed in 4%

par af or mal dehyde/ 0. 15% picric acid in PBS. In order to
det ect dopami nergic neurons, cells were stained using
Bin spiffpoolt qultodnanthersietm oris thise tineasoiol the sliffe(est dnmpdia followad by
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HYFopr0 Aé"sb"otl"ﬁ heingoinetoig) umien of (AN, complagions of the above
buiitty to Whichrdifferdil @eddswierdeqasedM t h t he hi ghest
fluorescence intensity were sorted into separate wells

of a PCR plate and the oligonucleotide | abels were
BotloWingi thel fibgl rodmidr efysplitypoobeulture thekeads wefe ppalgd. washed briefly in
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Biboeatories, W) Gravel RA) botb actandiog t9|th¢ manwfgcttprﬂéq)laﬁtwhons
pBl uescript Il KS+ vector (Stratagene, La JoI la, CA.
The reconbi nant vector was el ectrgporated

Besnfvethends with g highepifloreseRNC intgrely WhiexfeLip o separate wells o
£ PCRAMAE B zuimu@bhddd@nwhbas @bicCampliified byihiyasicie® bOPCR sising

FR AP b Bl L B Ca TR e A iR Tufle BB

poI yli nker 45 The sequenci ng anal ysis reveal ed t hat

N3 e PEEERGER 'Im(kd' ng-cettswth =
rﬁma

henotype_were. |l abeled by oligos-{(L4 L8
| PRR2 th‘gg-ﬁéﬁ%ﬁ%%m@orrel ating these |abels to

Tdea respective cell culture conditions suggested
that these beads had been partitioned in nedium Al

over a total of six days (on Day 0, Day 2 and
The PCR products were purified by phenolfchloraform extraction followed by ethanol

precipitation, digested. using the restriction enzyme EcoRlI (New England Biolabs,
Beverley, MA) and cloned into similarly prepared pBluescript it KS+ vector (Stratagene,
La Jofla, CA). The recombinant vector was electroporated into competent E. coli DHSo-
and plated on medium containing ampicillin antiblotic. Two hundred colenies were picked
for each bead analysed and plasmid DNA prepared and sequenced in the region of the

polylinker,




Day 4) followed by nmedium64 for a further fifteen

days (on Day 6, Day 11 and Day 16). It was deduced

that this culture protocol was one appropriate for the
production of dopamnm nergic neurons by processing

nouse ES cells as described above. Once these

conditions were established, jundifferentiated ES cells
were again cultured according to the above protocol

(i.e expansion, EB formation, nestin selection etc.)

but wi t hout undergm ng the process of split pool
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HmeWuﬁaﬁf MW@W&M and

oA R el e
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transcripts of e vari ous_genes were, detected
\E%}" ‘P‘él?“("ﬁé‘?dgﬁl“ﬂ "i‘%?’&%@"a iREtion of traces).

Fromthese results it was deduced that expression of

[[G8NE PEORWARPEBOBR VWIT 1| and NREVERSRPUNEE DE a Sui t ab] Be STAGE
mar kel for cells destined |to a dopam nergic fate
@oav el sGATACCTATANBRAGENTMAG Of | glasnTCOtTentTestmErAGe| | 6(2,3).4
wizh  $ ncAagreresacheaTTacan | ieschismasesscematatasaestl | t ) 14
®eEm § 0B GTAGTCRGEMNASEATIEY Ji |ATCHEREITATOBEYATAAGRACEE O | 3,4
EMagnrcaatacatactd@REaaddat ur g dietestnetagyreemal . 174 p

&3 - 6PAGCTCTTGACGGATTECARG - - - - - AGATGAGGAAGCGTAGGTCC 3,4
Nuri | TGAAGAGAGCGGAGAAGGAGATC TCTGGAGTTAAGAAATCGGAGCTG 3,4
| nestin | GGAGTGTCGCTTAGAGGTGC TCCAGAAAGCCAAGAGAAGC (1), 3,4
Table 6

Table 6 also shows the stages in which franscripts of the various genes were detected
by RT-PCR {parentheses indicate detection of traces). From these results it was
deduced that expression of En1, Pa 2, Pax5, Wnt1 and Nurr? would be a suitable marker
for cells destined to a dopaminergic fate. Conversely, transfection of pluripotent stem
cells with such genes, for example Nurr1, could result in commitment to a dopaminergic
phencotype in vitro (Wagner et al, 1999, Nature Biotechnology, vol. 17, p 653-659).



Exanple 2 - Split-pool cell culture of Hep& cel

units A split-pool culture experinent was perfornmed in
order to assay tissue culture conditions that m ght
affect a particular cellular process, nanely the
expression andfor activity of cytochrone P450
(CyP450) netabolic enzynes. nbers of this class of
enzyme, such as 1Al and 1A2, ‘can be assayed with the
use of a substrate, ethoxyresorufin, that is

enzymatl cal I% hydrol yzed to produce a product,
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47 (data not shown). Cell units taken fromthe group
whi ch had undergone the split-pool culture procedure
showed vari ous degrees of enzyne activity (within 10
mn) indicating that they had encountered a variety
of conditions that induced or inhibited activity of
the CyP450 enzynes capabl e g%}netabolizing
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t f cult r one day | _

SRl BheN; e bbbt § 150 SR8 pBR R e on
degdeulager of Etﬁomw:m € feated SN ellsr{a STO dell derivative)dr EStcelhmedium
%ﬁst; agfl &I%F%de\mﬁlg 15?‘“—'@@ 0.5 mM 2-

|ncu al ed MA elt topore 2 or

Lﬁ@fﬁiﬂg m@Scﬁ@l&ﬂ@lﬁc‘é Bak). Aagi 1480 mil -1 of
hwtémtaammrﬁa&or gtmmudoh;adj dpit B 0SY e GaRESENE and feeder

gglﬁags%{%g?r tilgz Eorg?tt %ggﬁgwquans}egsg So aﬁ%)?alén-coa-I;ec? ﬂas?( and

. @eltur@i for on@ day WES imedmnmioredicth éheenﬂmlpdranﬁfaederdu:@h in i eulture.
I I -
5 e v sy o ot e Yo by RS WA i Fop-coptininng
ﬂ?é’ mrdhAnRsubatad,with ¢lier @dgpare ﬁwrﬁv&ﬁx BInigragariahs (Amersham
][Elcgbi]?ﬁoez) guaaxmaeroﬁyd%tw InPRBS: Niterilis& bss?ttnoaa NP 8 MRl ethanol
or, five da con afte
Bbirenh o, S SRERBETEAS ER P, Bt et g day of
@béuft etle pelishmicrocarriéixiang Inen-édher@t filastie nlishatThe rE® feel caltre was

et brkseP Yo B! canfitibds. @4 BBL o7, Witk R8BERImJP P faifof the

units were culture

H@é!um\(eoeethe@stwm fresh E8 medium (Hegi %@Hrnaé @sewth ok gluripotent
aas Woﬁ@n}eduﬁk ffiGe \Wa @ﬁhe‘i‘\&h&@ MnbifordB kO whick TRY Bells: were

lati on was split
%rﬂ?sg Eg? g%ﬁ? dium 5?9@1 ‘?%é%%g‘g%nt ed and repl aced
W|th one of (I) ES cell -medium (ii) Dul becco S
_ v cal f
ser u ?'agﬁgﬁlﬁ%}gm &%m "248%5%9 it W | es
W"PQ@HEH@Q% Bngell s we& pultugsl for fes daywol 9 47l medium (see
o 3), et g niégﬁlmf \'ﬁ@é»'ﬂeﬁéh‘tb& Whé tHEER fund ﬂﬁgﬁlﬁ Q»twce with PBS to
con i on ach o roups spl i n
FoRrS et 0165 TG, A1 Beat PogHleN o HRlb o BLAS.aretps: and the
PBS detantéd hnd ieplavedi with dre ofh()cEs bblﬁmeﬁiuh] (B Duipsco'e hexdified
. ; [ Kal [
%%4;!% %H;egluln‘L {tﬁ\{ljl:iﬁﬂgm% f(%lgla%l? s&ntﬁﬁl. %? (’ ﬁ e%cpaﬁaw%ﬁr%d Medium
(FINEHVileseM edahagsson iV, vi908, EMD-tQﬁ"e%Ba rvol 84, g 241-8).  After one
hétlr 'cORIrE under standard conditions, each of the three groups were split Into three
. further groups, each of which was incubated in one of: (i) the medium in which the cell
groups were cuttured; the medium in which the cell groups were cultured including 1 uM
LiCl; or (i) the medium in which the cell groups were cultured including 1 pm retinoic



48 acid (RA). Every other day half the nmedi um was
replaced wiwth the respective fresh nedium Exanple 5
- Detection of cellular processes conprising cellular
differentiation in cell units using a phenotypic

mar ker Cul ti spher G (Percell Biolytica) mcrocarriers
were seeded with nouse ES cezis expressing a Tau- GFP
fusi on proteln and gromn for“four weeks in a

SELUTRY <Efeotrothel devaliha Tdem s opaiel HRk;He TEtboive frech

maqﬁmlnerrent ed W th penicil I i n/ strept onyci n and 1400
Um LIF). The nediumwas changed when the pH becane

acidic, as shown by the colour indicator in the
FxamplenS - Detegtion; obeellar Rsaersspn SompRGIngacelilar ifferenfiation in

&éﬁ.ﬁh,@%%.@f phéndtypidhiamterwi th 4% paraf or mal dehyde in
PBS at 4CTor 20 m nutes. The beads were washed

several tinmes wth PBS, resuspended in PBS/ 2.5% FCS,
Ou!ﬂ%@ iG qRersell Ofiplytiva)l migbotdrient wetewseedednpitie smou@acES cells

'e._xpgef%s‘np\gac G dfxgsioég)%tmtand? E&gsspﬁgﬁg%%kg%'ﬁ%%mmﬁree dmedlum
it Glheo ditheerumapplacament, dasnve’s| modifedcPMEN Wit Shiiagmax 8&. beo),
l%glé%h{eﬂnWﬂ p@ﬁmilﬁﬁﬁeﬁéﬂ?&nﬁ%nﬁeﬁﬁ}mmledl tTﬁ@%éﬂkhh was
wer e i ncubat ed vvb ﬂ\ 3- Leﬁ odium.
ehRed when thﬂrﬂshg%caawtﬁ%fﬁ Eheek BB e %aglﬁ FI: § med:
AR Ialigudd B! tseaddt wisO eiiidvedp@d alvashed Wiitte PBSn‘pdzfe& foetien with 4%
I 0]

bR ML A AR08 SIS0 o
Witte PBS, cesuspendedcial PBS/2806 tHES, rd. t%o'E@tﬂlﬂ iXeA@0, cari it dijo two
ed. | nsbathdls Was frr%'ae %68 iR SL b - Siicf Fibtinary Rci&c Protein
arat e exper I nent units conpri si Emn’UF ht

ﬁﬁé ) msaciong! AR AT OUnE 4 TR ey R B0
RibaB6PS°C] 8E %arhﬁ:@@w&eamah@i Slimesvarie PBSaths buth edref inasmted
a1 5Bl S s Pl R o2 o
alashmdempmtwe t mh@mnmemWa-tel washed tSotireest withe PB§ t@erramr#tsd onto
hfosphR é’ﬂ?%s ?‘ﬂ-:-q lﬂ'rht'?onfa%l BﬂPF (’Vef:tb?ie‘#hé H\a]%%r of cells

or ma eWyd a%

par ar m nut es
emté\emwewmrs ﬁa@b!teéﬁwéfa? stateing f?éGEéPI S‘iﬁf'@%’e \ﬁa%mﬁled

three tinmes with PBS. The ceI I un| ts were resuspended

n_ PBS ont ai ni 50 f et al. e
s et e gy o i Sl E eSS R Slechifh o Taworp
fuision pfaigia and MdeAanmumeamﬂm(a@gEmmmﬁ% ), V@p%b’amafeﬂeﬂo‘rom ES

B ) B s 7 SRR e o o
wnitsouere washpd cwee avith 1B and gHlaves: Q) sl DRIt e PBS was

mrr]ﬁok}ed aﬁ&ﬁgé éér?%mté ARG PEIYS Ip@&fonﬁaldehiﬁeeﬁr samhm@s ses°e, after
wHieh o s sapeerareine fel B et I Tni wiires e
esldurite avepd Rastispehalag irePBE centhining 2.5% Ubiat ealf $apum 2nH @A% Triton
Rhod B HBEARL iHloGinrib SBpdtath rAidRnfll itidsO R Rousk immuncglobulin
specific for Tubulin beta Il (Sigma) was added to one sample at a dilution of 1:200 and
the antibody staining was aliowed to proceed for 2 hours at room temperature with
occasional resuspension. All three samples were then washed three times with a large
excess of PBS. The sample incubated with the anti-tubulin antibodies and one other
sample were then incubated for 2 hours at room temperature with a 1:200 dilution of a
Cy3-conjugated donkey anti-mousé immunoglobulin (Jackson immunoResearch) in



Cy3-conj ugat ed donkey anti - nouse i rmunogl obul in
(Jackson I nmunoResearch) in -- ------ -- mmee---- - 49
PBS/ FCS/ Triton X100. All three sanples were then
washed three tines with a |arge excess of PBS, then
the cell units were resuspended i n nmounting medi um
contai ning DAPI (Sigma), %%/t ed onto m croscope
slides wt h cover slips, and™Vviewed by epifluorescent

BhfRRnash <IhTLATARRY shnirs befohen Sesh@hEres henuity g toroe
ewdcag of B8, tehltbd eell ymits weses resUspandedhiirt moonmtinguosdiuni Sontaining
?%H %s@ﬂ%?)‘cﬁﬂo Qﬂtéfr%%%dggt Ei:ci%ﬁ @@g &v&pgi'ﬁkmca%t Wedied by

ppitypssgntrar ganfe %"MSFORW{EQBSFIQ@P%PMBW reagent s
accordl ng to manufacturer's instructions (Q agen). RNA

| es re the ed t are_first strand cDNA
b8 < toerlap oh dfsgential s GApRY=Sien PiRGEp pspLlUar Process
Eell: omitdi of grduse ES ellsrmdusbédtit diferentiatel bysdplitsplii @itere (see example 4)

&vlelrév\fréé'hgg %ﬁgild” gg Wu{)rég rui] Fonah& %Qﬁ [n%s sr]% IQlfleasQ ?eagents

n series was mna
, anatqarr@ma‘n@turgtm jrstuctiang (Qiagen). FRNA sauples wease thin uged to

Bl‘ébéﬁ@‘?ﬁ'ﬁ%ﬁaﬁd"abr@ﬁ WRREHJoUT Arinlifd) usthd RvEsh Gﬁﬁ%g hiasd é&ﬁrdmg to

B'ﬁl ner s houseKeepi ng ene, qlyceral

BB E U aE R R IonE S BVIEqe-cT o, ORI dBe conaniaigSer the
kmﬁsle@amlotfalﬂtduwoad?ﬁésm?&ﬁwelab?@ca %DNA]satEﬂﬁe&ﬁﬂf rsaBjectse ko 25,
S mat e e relp.atl a u C ] N
4630 38 xfrls ST rfon it rbSHiBA (PR AR oo Rl priibrs for a
bamgskeeping’ gettreglyassalithyde & ghOBphata deliydrogenase. BRiidium bromide
I adirm
oG f tre Posu B hrddhb 8 Shiirfa b a0 barblhs ol wys used to estimate
ﬁ rgiptivecanapunt f A %?Qfﬁﬁamph en GWOWSbCDNA from each
§amselveicSiflen Os<Aa8 HIPOR Yeditioh mm@mapmbr@mm dicted to occur

B ARl e DEE NS ARl BuF b SorpRipted hétional

potagfaoc BhFEH emqi;ged &) aear da giifepdrdiatpdagalodépniatl progeny). The
é}tsB Sk \99@% gc%‘%tc ct cgaaccacatccttctct G3PDH

accacaglﬁcca% gcca cac; ‘tccaccaccctgttgectgta The
relative amounts of these disti ngui shing narkers

di ffered PRRFERTTE a%ﬁag‘g@QaegéHg‘ab'é %taa‘égé&ﬁab!c%cbo iy ch
the cell Units were exsose For exanple, RAin the|ES

medi um i hiEted E%ﬁ?"@é t9gptog: r?@a%ﬁ‘F&a@PéF REACAYhr ker
-HNF3p; wh 0et4DNE%g¢gtdnctﬁy§aaagyﬂgﬁcpctegaab@ﬁ:a&bﬁwott ent

neur onal - pPREElsbiephesugeipe e Fr Rbifad

parti cul aH Y fret ket PivVEM at-t hUu\dll p-E— ||h| bi-t-e
t he reduction ésee Figure 11). Exanmple 7 -Labelling
bie welative ampunds gkthege mstlnguishing markers differed depending on the culiure

conditions to which the cell units were exposed. For example, RA in the ES medium
induced expression of the endodermal marker HNF38; while DMEM with RA, and to a
lesser extent LiCl, led fo expression of Nestin, a marker of neuronal precursors. The
decrease in Oct4 was pariicularly marked in DMEM, aithough LiCl inhibited the reduction
{see Figure 11).

Example 7 -Labelling of cell units using RFID
‘Glass-encased ID 100-A iransponders (Trovan) were treated for 2 hours with 1 N
Hydrochloric acid, washed extensively with de-ionised water, then incubated for 2 hours



G ass-encased | D 100- A transponders (Trovan) were

treated for 2 hours with I N Hydrochloric acid,

washed extensively with de-ionised water, then

i ncubated for 2 hours 50 wth

am nopropyl tri et hoxysilane (Sigma) in a glass vessel.

The sil ane reagent was deca%ed and the tags washed

serially with water, 70% eth sterile deionized
hosphat e-buf f ered sal i ne. Tags were

oA EIR (MR & GReentsesaldr Bhes siane reagent was
tuacamd ald thé mgt; waishad senanyehath wditer, 20% (ool stk deidnized water,

t
Ao RO BgeE BlnPa S pRSRLATS o RIS i eren
(beriennl plasfic owiti- \gﬂll plates (Stodind dA plusipetentvie ef diSssalls iexpredsing a
rab &P ﬁ.lsﬁgl t?an‘égla ﬁ:&%{éﬁ' ﬂnEﬁy grﬁ‘éﬁ M \Mhe B RHemicon) on
The cel wer e once Wi th b e
gelatinpralerbrlates wers dﬂ%@f—lﬁfﬁd into 3 gigoleel ﬁ@pﬁl&s'orwmso treatment.

~ Ghe %Hmlvﬁéh&ﬂﬁnmﬁ Eg conhiRdRAs Pesh?ﬂendlé%{ InSES medium at 10°
cul ture

n bat i P hoyr under standar
BRI 2o 250 s S Susppisimwat Spatted oigp caciieg Giien nqeiation of one
iveuti under Maaﬂdﬂﬁireiﬁﬂ\dﬁlhﬁs mtse@ C0g), 4BsNAbftaaditib®al ES medium

RSB ol ARBE R Y FeBRBE o "and the  mouse
STO cel | derivative, SNL. The pre-treatnent and

m@bmeﬁw Si%o g%ﬁieﬁ'ﬁftﬁ%m% huffn ga&sm k}fn%fq@hﬁ?ogﬁa the

cell's, but e C were mal ntained 1 n
meuse ST @e'b%‘ﬂ'é!?‘é’ﬁt Shil| Tha pesstreaiment sd sesding mpeass was performed

dé GesenbddTor the ESQBNN Pt thabsks WeOhSIREREBE InbMERIBRC 098t ES.
vi sual i zed usi ng epifluorescence (see Figure 10). The

~various cell types adhered, showed a normal spreading
e péhsrery ;cplttaesjwmewbséwedlwu aodissehiingt mierus paper ends fluordsvently-

i r '

1805] s igindd dsho i reBer ] (LR 1) TRERRAL Sl ypes
pdhiserds shopypg wr@ralesnr@émmrmowwddmferefﬁdm theoltangpensiers.
TW?B&I%_I ek uthirsﬁ Bon.ﬂtll llnér ﬁ\@}(\{ﬁ‘heﬂ qme_két’; aRs OHWc%d%Qiéienoraﬂon of tha

rturbipng c u itions or e . )

S 9 RE Jor. T, e e & he-caf s Spult Ko maiomg vitn o
bovarepdcketneader bithdut pertugisingiht cemujitamlﬂoadrtlormrorﬂmmaiaﬂenance of
#@%sn ufyt odex 3 microcarriers (Amersham Bi osci ences)
are conposed of dextran with a surface |ayer of

denatured col |l agen (gelatin). Cytodex 3 beads (50 pl
settled volunme after hydration in PBS) were incubated

SR, S5t LR IR e oA

Gytodexd3 | mitrocarriers (Anfefsham BB&{Oancbki) ar%hg&igfoeé@lof Qﬁkﬁan W|th a
R A A O B i e R ok e
hydeatiop 2B rwerd inculsed 90 mglu’@p afjrammi eynpediucenitln ah anti-collagen
a?ﬂﬂﬂyeco}qﬁg?téé EﬂSi% (%f\hgarﬁ FEUmpdde t"ﬁﬁt zg"g &uh%h‘ o130 in [DBS with

addi t'i on ol’l'agen contr

b4 fetalcaif sgrusa inpd tolalwelumead 2R0 3| The b@ﬂd@ werw theawcasberbthree
tﬁ!ﬂi@ﬁh% RfgeL 858 PBSWQ@&&%@{:% HeR Weftfg? B %Qi‘:? A control
' erature with a streptavid FITCconua

sam e was freated the same way, but wnthout the addition of the anti-collagen anhbody
‘The control and treated samples were each split into two, and one sample of each was
incubated 30 minutes at room temperature with a streptavidin-FITC conjugate at a
concentration of 2.5 pg/ml in a 250 ! volume of PBS/FCS. The remaining two samples

were incubated under the same conditions, but without streptavidin-FITC. Beads pre-



concentration of 2.5 g/m. in a 250 pl vol une of

PBS/ FCS. The renmai ning two sanples were incubated
under the sanme conditions, but wthout
streptavidin-FITC. Beads pre 51 treated with the

bi oti nyl ated anti-col |l agen anti body, followed by the
streptavi din-FITC conjugate Fhomed hi gher | evel s of
fl uorescence (see Figure 12) Coating of mcrocarrier

bead h a bi ed

v abh e Broisr nEecioad =oort, i SRR SRemidnrre

: ekﬁﬁuggteaekﬁo@es higaat lawiiglofflucesianga (.. Figiiven 42). mwptqiwclcmqamer
e, CO e )

sk gads with raoﬁ%tfng!%ttqddanﬂlg%cﬁll is %g@én% ¥ ﬁ%wﬂ% BiR&A g@ielu%?hﬁf:ﬁ’l t@th can

: Uied rezdlly detectahie sieptavidisycopiygates. Singe ssrn@tﬂw@!n &9n baroniigated toa

\4\% flaﬂgé Hunilel 'R hfedufr aﬂnh% rh&@&ﬁ‘aroéntmés’igﬁ is h-ms ossible to

te experi ment, tIS G c ica
Rerivatireaieiashiier e Fuadhal dhayicen binﬂéﬂ"g g‘g‘e‘%gy gﬁ# &? &Hhnge of
E,gg,w de convenient tags. Mcrocariers were hydrated in
PBS, sterilised with 70% ethanol, washed wi th PBS,
then covalently attached to biotin noieties. The
i p$apapdte expmrimests Cpitispher GeBerasli Biglyti@) migrocarriers were fabeled with

hﬁ%t BQ&’C@ ARG DAY c@nve?al@n? Alobarférs dwere hydrated in PBS,

roxysuccini mde ester d:&rg) di ssolved in g?tgjb .
aﬁen@pﬁwﬂb 7 Aténethenolme dihee qovaipntlyepifach iotin
WiolcHBE Fhe NbiGhrRRABON | RdsS ﬂeﬁozﬁ%ﬁ usuiﬁbew emqgt biotinamsidohexanoyl-6-

allowed to proceed over ni roo erat .an
pAohexappig 26ide MNDYREPYS %&@m%e 36%*?'& o 1 '339‘5%% dn $o0
g or@dantilis;. whish ads atideti toft il ﬁaﬁaﬂvolthwd‘sn‘mmbamers in PBS.

AR creaiet cwes " aipfe B Biofedtl blortight 38" P! Aol iR and the
iaotmnicBs wete) washed i timesowith gage sxeespoh B rirrplipaot of treated
é?éﬂ%n%?& +rp uﬁrﬁéﬁfﬁﬁlt c%bﬁgol %garﬁgfeoﬁ&@' m&ﬁ%t%d smtm 0 ‘? hEYiSheter,

W {

th
SH T goatad ot upjescent bealp@ETRI St Wil £15 5L SR FITC
:(%l HAPRERS With 2.4 %rfﬁaﬁlrca@%ﬁfni r’f@i@tleve%f RB&lngdwith the bead tags

rocarriers were | abel ed r
(e tbpRwi AT ERdyD) W SatA RS AR R EoscopY
(Sigma). Cytodex 3 microcarriers (Amer sham
Bi osci ences) were incubated with suspensions of red,
- green, or a 1:1 mxture. of red and green | atex beads
from 80thei eupaineat, Cyodext 3rpigrogamies wareplbelgs (with pedsop green
' Eﬁ%scEﬂF i&g@arﬁ&e}"%ﬁt@pﬁ\@cﬁn 1B6htbd! Bﬁ&dst 'S@Pn% '@t&le&ﬁy ®Rrocarriers

resuspensi on t sett y
¢hmersharn Biwcdﬂnp%ﬁ] oyar@fmcttﬁ@teééraﬂnsswsgs@?!@& ny P igreng or a 1:1

L RSre ofged Eﬁ'@ﬁregh Y6k Wb f@BohinEité8tat edont RenpRedtire in PBS with
vol une from beads .l abeled b

I t
Bt st hen semples, WBER, MPAIoIFAORES 0% Ll St of pes by
vésubskneiof Unen Sdiing Bagravies Avealubheithe ibeasdlabeled by m red tags

A AP0 S0 1 S o

Fibgiedchy the gnecr 33gs, tavdeteauing hether corssdabedl pgcur
a&?@%? g’nhﬁ tRE VidWed! @HaEX a 8pfludrédiincd ﬁMJcb;ﬁkg ukifly standard fitter

sets for detection of FITC and Texas Red/rhodamine (see Flgures 14 and15).
' 'Macrocamers could be robustly labeled using the latex bead tags, resulting in differently
‘Iébeled popuiations. The admixture of the two populations resulted in no -significant
- fransfer of labels between microcarriers, meaning that the populations remained

" distinguishable. The microcarriers incubated with a combination of the two tags were



| abel ed popul ations. The adm xture of the two
popul ations resulted in no significant transfer of

| abel s between mcrocarriers, meaning that the
popul ati ons remai ned distingui shable. The

m crocarriers incubated with a conbination of the two
tags were 52 stably IabeledSEy bot h, indicating that
a single mcrocarrier can be-fabeled with a

| ti t f ot Si t h th
St oot i B g, B gofle dPEHCHDer=ce B9 Haplagein 2
mouitipdicityobf tagso Sinee Sagse sgoh s fiheroaes usedidn difid expariment can be
Wignaf EUTSBY; ple, WP Bl 435 IAE ABEPARE, aes
eaganeshdiliis inoasiblieyto yse ﬁhssqndtsiaugl mwrgcatmlv@th a large range of
Qﬁ&h&ﬁﬁil@staﬁé’ AdBRodaRY, $%4s Bgééﬁ)lé B%Dupib @mﬁUoQ%E td ﬁ’le s E5dad tags

emto mcrocarriers Qr units. Example 9 -

L%BTSPTWQ"’S'FW&B@I‘¥°"ﬂ'ﬁ'i°f’%m‘ﬂ§°f1"?yd%“5§cent nol ecul ar, or
optical tags Cytodex 3 mcrocarriers (Anersham were
seeded with ES cells expressing a Tau-G-P transgene.

" One day later, the mcrocarriers were washed with PBS,
‘tBxemplan@ « babelingfafcell goitsrbmﬂuwseant;mohcwlenpepwqﬂ tags

' {
\&ﬁiJaes’a‘ S%EB%H%QRAHESP%W%‘@ R SHARR €8 b O, &{r P&nﬁ? Tau-GFP

at were cova to streptavi
ARBSaEREl (Xediay Iﬁ@d#@trﬁ'wcﬂff‘erﬁﬁ"f"é@ waghed H’Glbr%B%G'i‘i“ incubated for

@U'rﬁlHﬁt@s lafldﬂn @W@%@W%&b&@w mad ytsm dﬁdﬂ\@aérwaax beads

8 e rrymri ke BepEHgn L5 agRE Are grelgied rpReSHghgr ator 24
\hedre post iked wideratandandfdotiditi®s CANIRILIBYONGd St=ahifg titee times in a

bt Slesh 7 % oG BB ediE g v e were
yiswedivhddr dpiftoleseance usied standayd filtasIsktsiferaletdctioneefddT¢ end Texas
Vebhddahfine. k@éﬂ nité@én&kﬁg)ﬁsf\ﬁéilﬁ @’Q@rﬂr%wﬁ:f}l RACHkeR ?éb_%ied by

(see Figure . .Since beads conposed tex and

Gelloidal Egﬂr?ﬁ@f‘ datepeeadoaps, ﬁﬁ‘i)éﬂe’ £ FPRArGR Y epgl) gase (see Figure
nanber of  nol ecul ar and supernol ecul ar reporters, it

is thus possible to | abel cell units wth a large

range of distinguishing |abels. Exanple 10 - Manua

Singk yoshds earopdsed bhlkaiexend fothes Ipblyeeist gandre ¢dnjigbled its aokry large
A6 of rfleculf GRE Sihenhlibduid PoIcHEROTTRY Inbk BesdB!EAafPeell units

l's ex%nss& n Tau- G-P fusion protein and Cytodex .
3’“%3&’1“6% f af disg 'H'%h“Pﬁ l3gRIs-wi t h naked cytodex 3
m crocaniers at a ratio of 1:100. The m xture was
observed under a m croscope using phase and _
fluorescence settings. Cell units expressing G-P were
Exanipleyltap Manualtanalyels andiisglafion of eslbwnitscomthertzsisogfia-cellular
¥§dassi N a large excess of non-fluorescent carriers

{see Fig. 16). Individual cell units could be sort

thumits CP"’[@F'P@ mausRoE$ eellsRxereRvhe dausRpdbisien prgtein and Cytodex
as@frbaarﬁers Wrd mit@l Wi hakéd Efieex@inickicareRita mtieer 1:160. The
fixture Wais .-o%served under a microscope using phase and fluorescence settings. Cell
units expressing GFP were readify apparent when using fliorescence rmicroscopy, even
in a large excess of non-fluorescent carriers (see Fig. 16). Individual cell units could be
sorfed manually using a 'posi_tioned mounted pipette to aspirate small volumes of the

culture containing the cell units.



53 Exanple 11 - Automated anal ysis and sorting of

| abell ed mcrocarriers and cell units. It Is

desirable to be able to analyse and sort cell units

whi ch are | abeled with various tags, or display

particul ar cellul ar processes, in an automated or high

t hroughput fashion. { A COPAS Sel ect instrunent

(Union Bionetrica Inc. Sonetvi | | e, MA) capabl e of

sortin mJItlceIIuIar organi sms an bggs,with_

Bramile 41 - futoovateds ARMIVEIS AIRPris 4 AnpUes Bpfocariors and ool
@i ocarriers and | abelled mcrocarriers. Cytodex 3

( Amer sham Bi oosci ences) were anal ysed by the

i nstrunment according to their size and optical

It isndetralde its be able(tdiamelys® Bndrsor) loel] v @wm@»(aﬂedabelejhwith various

5 0 L 5, S il B G il
AGARASeSeled drstrmingnt (Uniop,Bigmetries ki, |Sﬁglemllecw\)) g@ab@ of sortlng
LBERGRE Bagsﬁsﬁn%ﬁdméem vﬁﬁmrcﬁzﬁ%ﬁétéif gs fb‘@ﬂﬁiﬂ%lﬁéd't@bﬁmyse cell

Dl s ek afie

alanélpgsmences)
waﬁmhal%eﬂg)y(ﬂyé ineenmet ﬁcmmm@tdﬂwelr szsmwmﬁcahdlhraﬁiﬁnshcs (Time

55305, S0P EBRLRA, ol 3 Sl SURME RIS B 43P0 tfton
muwﬂmresoemwnbr the setfings utised (easrifig. 19i AB)- cbahellingiof Sytodex 3
Eﬂ)‘&gﬂel’s‘\ﬂthvéﬁ s éﬁtﬁﬁ&hboﬁjﬁéh‘iéd =Rk Béﬁ&@(ﬂ?@ﬁéqgee ‘Efﬂn%ﬂ@b) led

e instrument Wthout fixati nd denonstrat ed
Agistectabinabifbip ref-fugrescencg dFigs WPS‘ intensity (Fig. 17

EI F). The instrument was used to sort highly

AR 56 B A S VTS o o o
65" trauagene werstusad umpwem@ sorberlituniie ot elbagia of gsll number.
BRAbE B 50, drhe cdhiig Lot i sudcbHRg S8ARAT8I BRI here pasoad

nunbers whereas cel| unit
L A I e A
fioPdsysnce, mtemga (Fid.| 178/ NTheaiskrirsant Was Qsedib sofl Hzghwuotment

?eﬂc"l"ﬁa fﬁ’é" E% pt u‘?FE@ff'r u%‘%&?}%ﬁeyp '%%% ﬁ%@gﬁl& fysed using

epiferotastent amicorscopyy seveBledniiae el unitde periedi ont then bazﬂs of high
chic ﬁ'leﬁ' éﬂu@ﬁéﬂs i cEd! \&ﬁe?élﬁecreu Gnitd 8f e fluorescence

lolytica car ers were Ccross ked, t

WHE spprssly (Pgeléateﬁxahﬁ? gutgpaﬁoaqalyélsqugqqﬁﬁ%;‘oat g%lsolahon of cell

lﬁi‘ﬁtﬁfd:énﬁbd fr wr%ammngfh]a meNple pdramétaisDiingudid feell number,
taVI U uorescence m Croscopy
Ee!&gw:@exa?nqaﬁﬁlt{og re formed by the

: |ncubat| on of a single-cell suspension of 106 TGP ES
cells with 250 pl settled vol une biotinyl ated
Cuitispher Gmcrocarriers in ES cell growh nedium
E&ﬂmiﬁﬂ%o@ﬁﬁt'ﬁﬂt'%Oftagﬁérffﬂ"éaﬁ“@%f‘? 'Efﬂ?gts was tagged
with streptavidin-coated 1 54

Cultispher G (Percell Biolytica} microcarriers were cross linked to biotin moigties (see
Example 8) and the biotinylation confirmed by comparing the level of staining with
streptavidin-FITGC using flucrescence microscopy (Figure 18 A-D).

Cell units were formed by the incubation of a single-cell suspension of 10° TGFP ES
cells with 250 pl settled volume biotinylated Cultispher G microcarriers in ES cell growth
‘medium for 24 hours. A 50 pl sample of cell units was tagged with streptavidin-coated 1



m red-fl uorescent |atex beads (Sigma) by incubating
Wi th approximately 5 x 105 tags for 15 m nutes at
roomtenperature. The cell units were washed free of
excess | atex beads by several rounds of resuspension
and settling in |arge volunmes of PBS. Epifluorescent
m-croscopy was used to confirmthat cell units were

| abel l ed by the | atex bead téﬁs (Fig. 18 E-G. Cel

units were placed in a petri dish mounted under a
drBsetiyomsopnt iteshaade (Sigma) biinrubatingwith appioxinalaly @ 10° tags for

| $omAkRd au.%ﬁge.% ShRfd. t thasdl lﬂi@ﬁafé waBhed fred Bf ekeéMsSiatex beads
D| cki nson Fal con)

L ST B of SPeLBRRTION R SEPH P aTe e G Bo Epifrescent

(iicepzassy wdb, usBd ehenfimathabicitemitd were dabiléd ibethe datek b tags (Flg.
arrier matrix was di gested overnight -at room

tenperature. The digest was run through a
cytofluorineter (Becton Dickinson FACScalibur) that

hegl h@@%@' ﬁl&eﬂt 1ﬁda b@tndcﬁér?ﬁiou?lé@ Nhder & cﬁé%@ctin?" micreScope, and

ran (F em ssj on spec
(il giduai ymﬁ-’f W?')e 'soffﬁ%d Pejeg 8 ipiRgtte And pigeed iakp 21k EAcﬁrtﬁbﬁséBecton
Slehé?JnQ%lcb?])JNzU]g gpaﬂqtdotkvte aABhiLfdmeA BEM{I&%%O@%WQ feutral protease
even C cont or 0 a rorlaeS|zean

(it ik ccbef oms S0dRd S et wbd Ahd HhG migegcatsy i was digested
| dlentight iat mnntémpbmreru The pligest Wa)s mﬁ thragsh HstbflticrimetdrgBecton

GipindaB st B hBE bepd duBited  AEBR UBE T e Yo size range
cm'alrlactheeiar egdi (Essmmlsmm $ppctram |(Figp1&ek, ).a06k lidentityaf tags isolated
ni’rcﬁﬁ QC 'E:éll 96&!&‘\5[3 %Eﬁrﬂgd d:'ybée‘?&‘ﬂﬁ? g\rerﬂ Wh%ﬁa&hﬁaﬁﬁ to the

serial 1 ncubation in

“6*6 |ﬁ'ﬁ1j ﬂ'gore%fﬁf'w@?fﬁf(@ﬂe L Kkpes of
strept avi di n-coated bead tags, differing in size,
fl uorescence em ssion spectrum and fl uorescence
Intensity. The bead types used as tags were: 1) 1 pm
dfxamplé¢ 1316 Identib oatidnadfeomitltiplitstyrod tagsacsied te thkel el units;
2) bead set no. I inthe series of 5.5 m
red-fluorescent | atex beads %JanturrPI ex) manufact ured
bihesayaiirbility op @ largsr vasisty afhlate) bagds @f pciseosizes apd flyerescence -

Sdhétaf@&nftfcs ‘hgéwmdrﬁﬁhlﬁdlélfofg@éﬂﬁ@rﬁf rhigoBTibIe; aQﬁtmylated Cuitispher G
manuf act ur,e a

PTG, EXarad TR.pER RS by Bondl MpubfHSR mpdia gegtaining
tthiee | diffeperd tigmbst afgstreplawvidin-coater dwiad dag) difﬂﬁﬁg dm alizg s flsorescence

SR R R festes Rl L bl R, R BT Yre: 11

tine greggdluerescsnt iatéxcberds engpfastured by @Jgnm QA)beagmt me1 in the
féeH@ar Eﬁfgg&z %m&&éﬁﬁaﬁi b'éQt‘fs L@aﬁ&mﬁ‘l%@%eﬁﬂr e a?ye Bangs

wer e anal ysi ng eve
(Lgberatories; and @) beamsﬂtmcé m:@e chidgsdldsd Lmi rgd—ﬂa@eﬁeﬁl) late beads

Wu;edm M5 DQsbrdQfesCul turing stemcells or cells

ave n-derived fromstemcells in vitro,
conprising the steps of:
The tagged microcarriers were then proteolytically digested, and the liberated tags were

subjected to FACS analysis as before (see Example 12). The cytofluorimeter (Becton
Dickinson FACScalibur) was calibrated with samples of the tags to set the size'g.ates
(Fig. 19 A), and the fluorescence signatures of the three different tags were detected by
analysing events in the appropriate (green or red)-fluorescence channels (Fig. 19 B-D).



a) conbi ning one or norecultures of cells grown under
different conditions; and. b) culturing the cells. 2.
A nmethod for culturing stemcells or cells that have
been derived fromstemcells.in vitro conprising the
steps of a) incubating a stemcell culture; and b)- :
Q}@M SNg said culture into two qr nore groups of stem
celT and culturing said group of stemcells under
two or nore different sets of culture conditions. A
nmet hod. according to claim1 or claim 2 , mherein
the-ce|lls are cult nits, e
it AR TACPiO SHem BHE et hat HivesSératfeited o stem cas
a@ﬂmkdmmxmmmgméwmmﬂﬁpr claim2 , wherein the -cell :
“”' tS a?lcgm%lng% on \Aﬁpr%ue%u!teuges@f EE%{, &%Qm ﬂﬁ&e%?#e%%t éoﬂd.&ln@dﬂb
or nnﬂﬁcgﬁhkstb&mﬁﬁent to or bounded by a SO|Id
substrate. ¢, i 6. A nethod according to claim 5

e A e S o

syhitd compatingine steps ef: wel | or nmedi um per neabl e
barri t ring stemcells,
con‘pr%ii"ﬁgbaAin% %ww]l%glt&#gﬁcel | s adhered to a

ni cr obhspliting ssid ar@ intg tworprearh gpuBT efoitein sglls, ped @qltarlnmsald e

, griBtiprof WRRK 118 uRdr AwS4rarre Brrsnt 858 obitin@GbREIAM, at
I"'east one change of culture conditions. --------- -

------ 56 10. A nethod accordi-ng to claim 9, _
wher eAnnetaodiacdoa:m@sto ofaing 8| ‘onstaim € orveietdimthe cetomp ciless sl

'Q,P%yggdpr%euflﬁﬂfgﬁb s]réroné‘omﬁ&@%glsaccor ding to any one of

ei.n the process is scaled. up
such that at |east 50g (dry weight) of mcrocarrier is -
4erml O} Gflethd@ abedttihd e cihiar Lobt daimi 2 vihefdire thenddilamésl ave singlé
e'lsfromstemcellsm vitro,. conprising the steps
57 (a) Gowing stemcells adherent to mcrocarriers
in a culture nmedium (b) Transferring the

5T CT O& @héthed Soddrdhil ReaifU] totTdRifEd| Witiel edtatdadunit compnses
one or more cells adherent {o or bounded by a solid substrate.

6. A method according to claim 5 , wherein the solid substrate is.a microcatrier or
bead. '

7. . Amethod according to dlaim 5. Whereln the solid substrate is a well or mediurd-
permeable barrier. ' '

8. A method for culturmg stem calls, compnsmg growing said stem cells adhered to-
a mtcro\.amer or bead. :

- 9. A method according to claim.8 , wherein said stem cells are subjected fo at te'ast -
one change of culture condifions. o



(c) Optionally repeating step (b) as required; and. .

(d) Obtaining the differentiated cells attached to the

m crocarrier. 13. A nethod according to the preceding.
claim.wherein the process i% scaled up such that at

| east 50g (dry weight) of microcarrier is enployed.

14. A nmethod according to claim9 or 10, wherein the

ditfrer et M&f0d 2ePidEgalpecizigop at wherelpy sait oharge of culture conditions
det@aprgdata éﬂaﬁ?@ bMgediisgrocarrier. 15. A method

according to claim9 orb, wherein the differenti ated

cells are isolated" by digestion of the mcrocarrier.

161, A W@\tdwﬁod)éccﬂfdﬁw tGGn)Dbrh’é’ cbeﬂHu%EtS 36 EAMARK&iS tldprocess is scaled
vitro co seeding said cells

on m crﬂgg hft}’%i?%'eaﬁtrﬁ?ﬁ W("‘S)Qh P&B‘&ﬁ‘éﬁﬁ"ﬁé iggrerlead s

while attached to the carriers. 57 17 .

oer ocat riapos Rt g?f%fr“ﬂaW&fﬁ@ﬁﬁ?ﬁg?"ﬁ]‘swmtsm%fruwtro comprising the -
m crocastepeef. i s adhered to a cell 19. The -

8 wh
S s A ek A
cel | unit Trisfesdsihexismsadiersftom Phe culfuee meditmi to@nother; |
accor di 29 dpgo,qgu’?uréaeg@]gvg%@_gg :teaﬁiré‘de'ahd cul ture history

is spat@? i% enco m crocarrier according
to any @ GbiiniRg e differytiatng splisiattachad to fip misrocasiebet ed
fromthe gr oup conS| stl ng of an oligonycleotide, a .. :
tlde res nd, a se ary amn
PSPt arbaf i AEERRb iné SRaMES [ BES o fan botig s Soded up
~an opt isyah ﬂtaagt least bwtdir}aweiglat) ofaticoiceeiguisraplerdodi ng
tag 22, The microcarrier according to any of clainms 17
.to 21,, Werein said mcrocarrier is a mcrocarrier '
btad. FSTetnd apeiiog i daimr O156he weersip diatifierentiated erlls 2re isolated
wher ei rbysabygnaticdeaehmentgfond@athitdcarigde of ‘
pol ystyrene, gl ass, coll agen, DEAE sephadex, dextran,
| 1 ul ose, gelatlne or DEAE dextran. 24 ..The ' Co
M cr ocdy mpted acensdiny foglairo Sarwy 1 ofwharinitesdifistentmtal colis are lSO!ated 5

3wher eig) didagtidH &rtr%%kl“dcgﬂ'ner' s a solid or a porous

m crocarrier. 25. The mcrocarrieraccording to claim
:p4, wherein the mcrocarrler

16. A method of growing pluripotent stern cells invitro comprising the steps of:
(a) seeding said cells on microcarriers; and '
(b} propagating the cells while attached to the carriers.



Is Cytodex 3. 26. The mcrocarrier according to claim
24 ,wherein:.s.aid porous mcrocarrier is nmade of
gel ati ne, -cellul ose, polyethylyne,silicone. rubber,
col l agen or glass. 27. The mcrocarrier according to
claim 24, wherein the porous mcrocarrier is a
Cul ti spher, Culti spher G or a Cytopore 2m crocarrier.
58 28. The mcrocarrier accgfding to any of clains
17 to 27, wherein the mcrocarrier is a non porous
m crogar The mcrocarrier according to A
?r? Kk ga?r"té’alr?g‘i" WP p&oocarrier is Oyt odex93 30.

The mcrocarrier according to any of Clalrrs 22 to 29,
. wher eg 0 ThelcravbrigrQediding &

bi ot i nyf at ed anti body. 931 %Wren%g‘rs%?a 'cr?cérf‘eré%%?ra‘i’ g
to any of clains 17 to 30, wherein the mcrocarrier
- is biotinylated. 32. The micrecarrier according to any

O Vil AbemicbFarteo a@drdingvdegiRrh 1 Jrhﬁ .ﬂlégwﬂe?‘e%:ﬁé’?ap ?ne"l"s &

st r epteanviGbidido\d GHid
l'i.berating a' ?ag rlortrq%a ’m"@f‘ oggpr"rel %Qrse‘korrprl sing the

step of digesting the mcrocarrier. 34. The nethod
accof@i A Peroerist sr@dhavth elriei awneraelhabénrbum&ﬁé?@ﬁi& "sﬂ,a%uy
i s sokmtbéddi sed by trypsin and/or EDTA

nmet hod according to claim3 3 wherein a coll agen
mcrocacyier is solubilised using collagenase. 36.
The ngmc USR8 RFEdinG tocing jof 138 makieTeai 1v awﬁgags,t fhg@a ,s
m cr o¥eckd &omite gab whiskinged on 4 t

met hogbmb&nd da%e%&d&b,{l 'amﬂe t:ﬁher %gr&?‘g?ﬂlg?tﬁg Fé?ég’r Sl ﬂuor%sf:ent
cultuge. %E’Q ca& ns g cel cBApte P ﬁab{eﬁ‘@t@%@sbar
of: (a) 'prov aﬁg" ﬁadfaf“il%'ﬁd'gf@ﬂ”%ﬁyagp@mpggof cell units
each conpr|3|ng one or nore cells, -and exposing said

groups The wiasdaked aé‘ddnldwrtg a(,'.‘, ngi ggg,ng,l-,(tkg))usu &l Vi d|

one qa,crggg;;@”g)%m,a%&ag, o create a furthe egeg't
groups of ce c) exposing said further

groups to further desired cul ture conditions; (d)

optd0ridhd Ficroraise e regosting 16 cein)2 2mteeh aard%éseam@ Vet s

r equiniedelof patfrene, glass, collagen, DEAE sephadex, dextran, celiulose, gelatine or
DEAE dextran.

24.
~The microcarrier according o any of ‘claims 17 to 23wherein the mlcrocarner
is & solid or a8 porous milcrocariiér,

25, The microcarrier aCCOrd!ng to claim:24

) . wherein the microcarrier
is Cytodex 3.

26. ‘The microcamer according to claim 24 whérein:said porous microcarriéer -

is made of gelatine, ce 1
rubber, collagen or glaggu ©se. polyethylyne silicone.

L2 | The microcarisr according to c!afm .24, wherein the porous microcarrier

is a Cult
- ispher, « Cultispher G or a Cytopore 2 microcarrier.



(e) assessing the effect on a given cell unit of the
culture conditions to which it has been exposed
-------------- 59 wherein the cell unit is adhered to
the mcrocarrier accordinﬁﬁto any of clainms 17 to 3 2
. 38. A nethod for deternfning the effect of a
§Iu é%ity of culture conditions on a cell, conprising
2 B;gfd éli?i'gmw’e,f Fpoding Viodimg ofc & Lad 1560 %feyl, lgﬁl'%ﬂlﬁdrpfthe
caliBf i iNng one or nore S, anc
exposi ng ggﬁgﬁg?%ﬁﬁgg%%m%ESired cul ture conditions;
(b) pooling two or nore of said groups to form at
2d eddt minecaSRE SRErdPAM olaik S bdi yi di.ng the second poo
to create a furtﬁ'g}:‘a %2?5&5%8 "B*F%?J%ﬁ‘e&f’“%émer@rﬂﬁoﬁgxs.(d)
exposing said further groups to desired culture :

30 corftik tiwosict ejooniig 199A) boiaiheBeaLLNG StERSe { Dt (d)
| t @lgrveryias weedui s ¢ 'at@aowfgﬁ 2aSRASHNG Hddea o f8sdy .
on a given cell unit of the culture conditions to

which It has been exposed wherein the cell unit is
of clains

31 .adTeE edic e m ceocarrier .according to any _
17 1o 3&%&,&3}9#%%& ﬁ’o&”lf & <haigsi hytg 3 phegein the
VAPTRHE) s Sfotipydated. Cul t ure condi tions, conprising the
steps of a) providing a first set of groups of cell
rising one or nore cells, and exposing

uni h co
32-sarhgaﬁ%ﬁﬁgmfgﬁ@@@@ﬁé@“ﬁ@fkumﬁn@onﬁhbhnnswhébﬁipdﬁkénggis

CqajRsl véth stremtavadh, Saitoraieyps to form at | east one second
pool ; (c) subdividing the second pool to create a

13 further set of groups of cell units; (d) exposing
sl 8eFed nireainoap fam isssarri by 603 A0
thé ajorqiriconal | y, repeating steps (b)-- ) 1teratively

as required wherein the cell unit is adhered to the
m crocarrier according to any of clains 17 to 32 .

34, 40TheAnetiddhedorting tl@hirE Whagint ffect of a pluralit
ber?péﬁlrl%rth,g, %D_crorn d?tti 0?@ j(;gn'wg&glg eﬁr%'&'@ (gﬂ%?‘fagq%s %)%"'ﬁde p)s(
of , '

a) providing a first set of groups of cell units
each conprising one or nore cells, and exposing said
35. OTBSIRBHLY 288%]: re.conditions, (b) pooling two
usiOh L & _of sai"-!’?qgr‘;%#drlpég gege%ranqo 950 FYLPeagife Issabibrieed
Po81"98"85e- subdi vi di ng the second pool to create a

further set of groups of cell units; (d) exposing
s 0. f i 2rarqups, to desired culture conditions; (e)
36. _oﬁ?@%@ﬁ‘{’ 5&?"@}93&9’?@&“@5?*“@9’6”@ (rigyocarer atsbiveiigsdas
usingRerirangge. and

" 39 A“ r.nethod for determining the: e‘f-fe;:t of a plurality of culture conditions on a cell
comprising the steps of;

(@) providing a first set of groups of cell units egch comprising. ong or more
cells, and exposing said groups to desired culture conditions; '

(b) subdividing one or more of said groups to create a further set of groups of
cell units;

{c) exposing said further groups to further desired culture conditions;

(d) optionaliy, repeating steps (b) - (c) iteratively as required; and

(e) assessing the effect on a given cell unit of the cufture conditions to which it
has been exposed |



f

(f) assessing the effect on a given cell unit of the
culture conditions to which it has been exposed 60 '
wherein the cell unit |Is adhered to the m cntanier
according to any of clai Mg, 17 to 32 . 41. The nethod
according to any of clai rrs,937 to 40, wherein the cell
wﬁ%g%fhe%gv%g%’e egetéulhs.nmﬂ. ~The nethod according to
a e e mNedag :
conditions are media to which e??w%ﬁ‘?@%l%%@;ogﬁlﬁkggeﬂ tg32.
3g, The g\et htgd 1gj;\ccordi_rlg to claim42 , wherein the nedia
cont &l HEBEOb Hetermiien thepsieitfafe maam s di; MbohiHidnd &G
whoempddirgrthesionass, 44. The net hod accorcﬁéng (ltﬂo gre?y %f

cla it 10 , erein the cell culture conditions
g}sp%w&{ﬁ Flji?ﬁ% ﬁatm%tngé Obﬁelhmﬂe ea@‘p&:@mﬁribiﬁg ohe or more

i
conmprise ¢
cﬁgﬁv@‘@}%@@ﬁn‘@sﬁam&gﬁouﬁ hedoardd @ widg to any of

cl ai - ei,n the ce cul ture conditions
| (9 pebind fho O mal % 6 r8uRsyIo Fg @t leash s feicond pool:

Conp{‘:h%ﬁ culturing o
subst 3°84ding the second poa thareaté @ furihelast b Yd#gg ofked gﬂ@
whi cld) expbdingeReas iy %@L&S% %%”Wg& g@;%iﬁmffﬁ onprisin he

ni ng Ofgne or nore

ste a) deter

cul ?(‘E%‘%’fﬂ%'@% TREBNG Stans &) cdil) tetativaty asirsquirag.a@pdance wi th

any (Ofesssksingbe 3fect on 4 o : in e )
-h@?é&@@fdo% i nesa‘? d ce??eiﬁll%’tméx@%ﬁg@gﬁﬁgﬁ i yiigh it

culture conditions; and c) identifying genes which
are differentially expressed under desired culture

‘Mmﬂndihbicgnmt-s(‘ he. net hod according to claim4 6
, wherein tﬁeadg]g{sélagoetggg'l’ﬂrqcﬁ?”gr FE5P1Ee foomy of dlaims usnee 32,

cellular process. 48. A nmethod for producing a nucleic

39. aci & mbhehforaeesasa e uct which influences a
iheGblgsar pr o?gs sl?gs% 0 m%? |E g ?'ﬁ%p‘?fc? é’L?ﬂW&?. REEPrgetREPiishg
accordance with claim 4 6 or claim4 7 and producing.

at Perstdinghe b detng ghRgs ON o urRai SPGB BNSLel ¢
colCbith expYHgRERI P BY 104Dl ogqi E‘ral ree_??hgat i 6‘%’?49% ° Clpmore
met ng fof T nduc lr:)? Sl ponstigessss, conprising the
ste qu}iqg TYp of Merktof $ajd grgumsrte fobrh aNMBER oRLARERIRHED are
di Tlopsuuidiag in sEeoRt 836 &Ferbdle a further set of groups of cell units;
(d) exposing said further groups to desired culture conditions; and

(e} optionally, repeating steps (b}~ (d) iteratively as required
wherein the cell unit is adhered to the microcarrier according to anyofclaims17 to 32

40. A method for determining the effect of a plurality of culture conditions on a
cell, comprising the steps of;
a) providing & first set of groups of cell units each comprising one or more

cells, and exposing said groups {o desired culture conditions;

(b} pocling twa or more of sald groups to form at least one second pool;

(c) subdividing the second pool to create a further set of graups of cell urﬁts;

(d) exposing said further groups to desired culture conditions;

(e) optionally, repeating steps (b) - (d) iteratively as required; and

(f) assessing the effect on a given cell unit of the culture conditions to which it
has been exposed



uni t, cokfr

association with the cellular process in accordance

wth claimd 6 "or claim4 7 and_61 b) nodul ating the
expression of said one or nore genes in the cell 50.

The nethod according to claim49 ,whereto nodul ation

of gene expression in the celd conprises transfection
of said one or nore genes into the cell, 51. The

nmet hod wh@séig 8k ddung: i m .49, wherein nodul ati on of
gene expressi gér%l Ug'(t:%%pd@hr%%e@{é)@et'ﬂ‘émé%'m to any of clalms. 17 1o 33 .
adm ni stratéjiqon@?f a gene product. 52. A method for

i denttiLf yi ng"t Rethaitaatoaling o Ay 6)alnl ar cess of a cell,
conpri si ng 3Reingtiepslos, 32:1) idehB?i %@iﬁﬁgwgﬁ‘%&%’rt%‘?@—l units
genes which are differentially expressed In
association wth the cellular process in accordance

wi t hi%d ai nf "% festod @ecering B anpntkidis Tt €1 | MEel, 11 ;::ilJH:ure
e '

‘modul at i ot Gf L EXPPREER dRPdiR RNt ONEnOEeIDE £ cdBHES:
.a cell, thereby determning the state of the cellular

process of._sai ell, 53. The method according to

cl aidh-52 whEIERY Echifing feclaima npvherelitemeden@AGR o o more

mar kersPedia agenl ehinteinfvente acaiokdintgsst 0 ¢l ai m 53 wherein

said marker nmay be detected by imunoassay. y 55. A

met had f orpk Lhg a.cellular process, conprising'

t heqsgt' eps &%ﬁggiéﬁ%‘f% Riany of ﬁg“’f@ﬁﬁeco of, anarcOh Ul 11

culture C%@E&k?@%eﬁﬂe%%?ﬁ%llm%ﬁﬁ? A tupbeoatane erWoih

any of dainms37 to 45; exposing a cell to culture

congiti ongniviedby | he cel lular process: and c)

i sol 5a_t i ng chhgﬁﬂ@gf&éﬁ&iﬁ% ,21§8§C!ﬂmﬁe")t7hw4ﬂ owherein the cell

| dent i fyi ageanfﬁg%nbs%&lg_l LT 3D SBE B MY onders agmare

cellular "process, conprising the steps of: a)

det eggni ni Agmetherl fol Glenfifing®R e WRES,Agents on a cep
eI WIIqtgg a%es%ne o P §é}'”’?ropr&‘§,s$-

and b) Id n(%i fyi.ng those agent(s) which induce the

cel lul ar %r teRdEng e effat of endl oruiiwra @ilture Bohgitions An BRBINGA, in

for pieEpdNsatth any dgems whighyd.s capabl e of .inducing a

cel | ul ar ‘b)RANERS SencCRPRELS Iy teps of a)

det erggiiiofland Ne ef f Ry n%%gto%@n?rsoﬁgn %"&?’%G’ B qyture

cell unit, in accordance wth anyone of clairns37-to

45; - ©denliing genes which are diffarentially expressed under desired culfure

conditions. ‘

47, The method according to clalm 46 , wherein the de

sired cuiture conditions
influence a cellular process. ' '

48. A method for producing a nucleie acid which-encodes a gene product which

influences a cellular process, comp‘rléing Identifying a gena In accordance with claim
46 orclaim47 ,and praducing at least the coding region of said gene by nuclele acid

synthesis or biological replication.

49, A metfiod for inducing a ceflular process, comptising the steps of:
a) Identifying one or more genes which are differentially expressed in
.associatlon with the celiular process in accerdance with claimg g'or claim 4 7 .and



L | i ' ce the
62 b) identifying those a?an(?) ?ﬂ;;?s'rﬁuthe 0
cell umts, anddesired cellula ent(s). 5%, The Method
SynthesISIPg or |2?Ig}grgs e tg 57 where the cellul ar
according to any _ : : i ati on. 59.
' liferationsor differentia .
process is cell prol t hat have
A method for cul turing ‘St eIml ce: Insvio{rgeI lcf)rrpri sing the
el de¥lV$mg%%%ﬁﬁ?%§g%%%%%ﬁ%ﬁﬂP@”EGP@bﬁeshmhcae||S
steps of a) ct iti ; and b) culturing
rown under_ different conditions; '
tg he &841s. %@?@dmmgwaﬁhﬁg9;@@?‘3%&&%&% é%'@er%fxgress!@@i_n
mi cr octe e@rcom@fktrtzdhd?%tédhg{ %%%ngrlngo"e BPesant hacafhat have
A method for culturi 0 onpri si ng the
erived fromstem cells in vitro conp :
| gtezgss P‘of a %g) methog Betdinado daistanwRRil deﬂaEiérﬁgoﬁ B%n%gegcprg%s‘@%
spl i ttQOﬁ'erissaihelemggnmraemsgiiB%éa%i Hagerteb ool | s under
cells, and culturing s ' ditions
[ fferent sets of culture condi .
wherarn T Hom B € Gl dmetscte OElar2sd 6R dl, Ehmprising the
‘ : i .to 32 . . €
accor ¥yt o any of claims 17 in the cells are
o gy oot 6 mels P it Gl whetsvg | ssprrgecaite
cul t U%ﬁ.,‘é%iatilaf‘gﬁ | lzcehju%%rg% "R Beporsance vt airm 1 gor erbi §i%fld or
2|r aimr)LGO. %h%tpgir@ittw nidddatior bl expradsios ofsaR op@ér?r%jéeegt(argeglglzasdelf.
63, THTéreweotetsonfnmwﬁ 1’3’%‘?’3@&%‘}%@ SR 2010 o%
wherein said stem cells et hod
‘e nditions. 64. The netho .
g O T S g ttclsins 1 whraslect e grandad gefid! dhbHug o
according 1o _ hanae of medium. 65 Tha
condi {1 ding 1 iei’m? of clai ms 60 to 64, wherein
met hod according : : ast 50q (dr
: h that at |east 50g (dry
(s o0oTR s ST SUE L ot 500 (e,
0 . ; in .
:‘Aﬁlrgoaé‘%r%'PW??éaydi fferentiated cells fromstemcells in
'vitro, conprising the steps O., _
55.:  Amethod for inducing a cellufar Process, comprising the steps of:
~ 2) determining the effegt of one or more culture conditions on a cell unit, In
accordance with any of claims 37 to 45; '
b} exposing a cell to culture conditions which Induce the cellutar process; and .
¢} isclating the desired celf,
56. A method for Identifying an ag
process, compiising the steps of: ‘
a) determining the effect of one or tore agents on a ¢e
with any one of claims 37 to 45 : and

b} identifying those agent(s) which induce the cellutar process

ent which is capable of induéing a cellular
H unit, In accordance

in the cell units,
57. - A method for preparing an agent which is capable of inducing a .cellular
process, comprising the steps of:

a) determining the effeot of 0Ae or more agents on a cell unit, in accordance
with any one of claims 370 45; :



(a) growing stemcells adherent to the mcro; carrier

according to any of clains 17 to 12 in a culture

medi um edium (b) transferring the mcrocarriers from

one culture mediumto anotherg, (c) optionally

_repeating step (b) as required; and (d) obtaining the
differentiated cells attached to the mcrocarrier. 67.
The net hod gogRkwh o _claim66,.wherein the process

i s scal gg UHIQBFS(EC 9{]@%13 2GRS W58 tnduse e delsing vt BlopesS T the
microcafrier ' enpl oyed, 68. The nethod according to
claim 66 or@@Yp_theMroeismamb]&egéeﬁﬁﬁr entiated. cells are

i sol ated by enzymatic detachnment "fromthe nicrocarner.
69. The netpQ thg %gorngii?ggg tob;izl aim 66 or6T wherein the
di f f er éptdald: .C eAi o anyobdiaieed by sdivgest i.qn of |t he
m crocani er. 70, ° ARt Hod esetipoer ﬁgfmmnitpattﬂ}gﬁ?egthérﬁr
cells in vitro conprising the steps of. (a) seeding

sai dggel |'s ;00 j.crocarrier according to.any of

cl ai mS'Céi? t Czr %20?‘%%.%&%'(9@&%?%@@3}@{@ havi dect &lbdved i LiSiy
at t ached” g™ PHEMRiErg heslepsof 1. . Use of a microcarrier
accor di ng #bsaakiing bnecdr FrioRBcufkfest P for deternining
the ebfect of a plurality of Scu'l‘%"%?']éw'?:% ﬁ'i‘me'@W@'@jﬁ‘%ﬁ:

cell, .
b) cuituring the cells,

herein the celis are adhered to.a microcarrier according to any of dlaims 1 7 to 32

60. A method for culturing stem
cells in vitre comprising the steps of:
a) incubating a stem cell culture; and

cells or cells that have been derived from stem

o b) spiitting said cultyre into twe or' more groups of stem cells, and cultisring
said group of stem calls under twa or tore different sets of culture conditions. |

wtlierein the cells are adhered to a microcarier according to any of claims 17 to 32

61. The methed according to claim

' 59 of claim6 D , wherein the cefls are cultured:
In cell units, each cell unit comprising one or mare cells. . '

62, _ The méthod according to claim59 or claimeo whéi;ein the calt units are
single cells, o

63 The mithod according to an

‘cells a y of claims 59 to 62, wherein said stem

re subijec j
ubjected to at least one change of culture conditions

64 . The method according 10 claim 63 ,wherein said change of culture c‘:_oncﬁtions
comprises a change of mediim, |

65. The method according ta an '
Y y of clalms g9 . .
scaled up such that 00 £o 64, wherein the process i
employed. at least 309 {dry weight) of microcarrier :J[:
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66. Amethod for obtaining differentiated celis from stemn celis jn vitro, comprising the
stepg of:

(a) growing stem celis adherent fo the microcarifer according to any of claims
17 t0 32 in a culture medium; -

{b) transferring tha microcarriers from one culture medium to ancther; |

{c} optionaily repeating step (b} as required; and

{(d) obtafnlng the differentiated cells attached to the microcarrder,

67. The method according to claim6 6 swherein ihe process is scaled up such that at
least 50g (dry welght) of microcarrier is employed,

Isolated by enzymatic detachmient from the microcarrier.

1 68. -‘Thé"method‘according to claim 66 or 67 wherein- the differgntiated .cells are

g9, The method according to claim 66 or67 whersin the differentiated cells are
Isolated by digestion of the microcarier.

70, Amethod of growing pluripotent stern cells in vitro oonwbi‘isi'ng- the stepsof: -
{a) seeding sald cells on the microcarrier according to.any of ¢lalms17 to 32; and

b} propagating the celis while attached to.the carriers,

71, . Useofa microcarrier according to any Of-efaims 17 to 32 for determining the

effect of a plurality of culture canditions on a cell.



