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1 Method Field of the Invention 5 Tile invention broadly relates to cell
culture - such as the culture of primary cells cell lines, pluripotent cells,
totipotent cells and stem cells. Background to the Invention 10 Over
recent years cell culture-has become a core technology in the life
sciences. Cell culture is described in 'Basic Cell Culture’
Oxford-University Press (2002) Ed. 3 M. Davis; and 'Animal Cell Culture'
Oxford University Press (2000) Ed. John R. W. Masters; both of which
are incorporated herein in their enjiggjysoy reference. Cell culture provides
the basis for studying cellular processes such as the viability, phenotype,
genotype 15 prollferatlon and differentiation of cells, and the formation of
aFicaEIBEEes  intermediates and products. It has also provided the
means to study the regulation of these -processes, from the genetic level
Thathandn iselatiorieeinyhmledraasgenicaamie algurs enwmitedheciayebl

efdndivigualpratein malesHies Mowdthstanding its enormous

contribution- to the current state of biology, in many respects cell culture

20 remams a developlng discipline, albeit an unusually exciting science
saesndteciiednvrationssibility of genetic therapy and tissue

engineering. An |mportant goal of cell culture is to be able to grow a wide

ﬁ@??%c@ﬁtcféla?é rbéaltﬁfa:t&@ezabm;ﬁa‘fgr@%qe&mm@ thatsaa be-groy T
gttul‘:'*re I%escr{ Q§ [ e(.A iﬂ?J %@&&g U%ﬁr&%%%&%@ﬁ% J.M. Davis;

WWW.atoc. org uro ollection of Cell'Cultures,
mmwabﬁ%@ag@eﬁerﬁ&‘@% e IR o PRk S YRR 8R
Fitleudtiar énqorcnmaid- hateby insloeir esireta 8y, teferates felradibraivddesfihe
mest ¢l fpengandlifarconiiasiallysintreasing adhilivye shedompse guridtnes,
&smt%ﬁgﬁaﬁf‘ gn? HHANREREN %leéﬂgﬁ ihe tﬁ&%ﬂ?mﬁ?g@swad#a@ Tﬁ&%cﬂ?@s
method. of determining suitable, culture conditions fo Cc

tﬁ1alns f(%?aif@ dr rmjlrf%axllljtg;hro "fh cBnd‘?%gnnsh are air mcgostsqgﬁlg%e " uc%g\?eﬁrgé
G I R
waspsevialsly wsdukbipethel grdiviginilarcteatsinoleevien \WabtiRsBodientis
bringdiseshimitagsaberaoenfent differenberlls, Mamutimestarseasivitliture

%émgwsbaed‘éQ&aB&ﬁée&Ysmﬂg%@é@aﬁ@m CESE salanhLoy Bishg

begin anew. Even when new culture conditijons are successful, it Is
the possibility of genetic therapy and fissue engmenr ng.

An important goal of cell culfure is io be able to grow a wide variety of cefis in vitro. The
list of different.cell-types that can be grown in culture is-extensive (see American-Type
Culture collection, htto:/iwww.atcc.org; European Collection of Cell Culfures,
-http:/fwww.ecacc.org.uk; Deutsche Sammiung von Mikroorganismen. und Zelikulturerr

GmbH, hitpfHwww.dsmz.de), includes representdtives of moest cell types, and is
centinually-increasing as more and more culture conditions are discovered. Despite the
steady progress in the field, the method of determining suitable culiure conditions for
new cell types remains totally empirical: growth conditions are almost always discovered
by trial and error. The choice of starting point will often be based on what was previously
used by others for similar cells, or even what is currently being used in the laboratory for
different cells. Many times these will simply be completely inadequate, and a process of
trial and error must begin anew. Even when new culture conditions are successful, it is
worthwhile remembering that adaptations of previous protocols will have introduced a
historical bias to the experiment. For instance, much of the early tissue culture
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35 worthwhile remembering that adaptations of previous protocols will
have introduced a historical bias to the experiment. For instance, much of
the early tissue culture 2 experiments made extensive use of fibroblasts,
and to this date most standard cell culture conditions favour growth of
“cells derived from the mesoderm (fibroblasts, endothelium, myoblasts).
The development of selective growﬁw media for epithelial and other cell
types based on these conditions was a challenge. For some of these cell
types 5 it is now known that serum. - a nor camp, e
expedmenl Mat GERNAYC &k 2 acta g\?s'tls_h r?%kltsog%gwﬁ %}éﬁgﬁ%ﬁg lt%{er
crlention e IBEHh SFENTToch nBerot HETE BBTUF SRRl RrE™
Sapdiinms whishsaljoFhéodayaopiadilitf, splefifer stonhonegie fefrerihefial and
JftentipnRt haphenabpeskmsricas catitygesrdGGemebamnettypes
LoReTS M Ich a6 SUIL SROUUE B RGP hSHILIRA LA pitathaerma
|Fespan.o%_rlmary cell lines, the change. of characteristics of cell lines with
shssaguaan bR o s R ARG H 3&33#%%‘6?5 By 10SS Of interesting
foeHalalopharadtebistiedurheasitorfesaideore (PTidhk Pl oF el s
Sl ferustiieraenmentsioreassaytufarcihiteesce cell-based assays
described below; Primary cells, i.e. cells freshly isolated from 15 tissues,
%%?Fr gg far %hﬁrég%%t a%%%‘ﬁ%@ta‘?recgl!u"%gé@@&?%‘x%@? IhRXDERANR ifhaMaY

y resembles their tissue o

origin, Remarkabl reliable
ey Ahpiieshive ot At ey BN it

hein saqsfenthficheseoveksiasbidiss thinedsinasisivan SrfactaiichrediEnts
SresRriQusRChnical imitatiprukorinstance wei ateriptng doaptiffohe
RS %%%VC&EL%& QLN AHEIBLRG. 1P REHCOR: Onass fesnl axRRstTRNL.

-20 A turther problem associated=with the of pij ISt
G T R O e DL ek
rindiryeRsaTiRn hpiE ARRYRY P HRFEREDMN PirTiaRiE JHRRLRL (58P in
pinssnihatdiehatit corisistedriglopethand! soprsauentyHberpeslsisitieiBliste

ﬂé%:%ﬂ‘iﬁ@ﬁ%.%%i@gaﬁg@Qéﬁcﬁ@i@cﬁ@ﬁ@hﬂ&iﬂaﬁiﬁbﬁ@hﬂt&ﬂ%ﬁmim atempting
ro oriégée

proonaediiesnan. ool RN Sulies M edaintainadnu e,
e pé)rlo , they normall d

2y Norm unde Qacrls':inwmgptheqﬂ ority.f
Adhghse REeRLAERRF BT AR RS é)é?frémé% ?_Sfr%%sr Re { anc pa%!{- ge% !
cuilstreidiierticiniatiys M esndrnBa- & saRGE REIRaTY Imae e RaRiRETY from
HvaiiaRlyEFit is also difficult to obtaia lines that behave consistently. A third aspect of
the invention is therefore a method of culturing primary cells fo obtain viable cultures with

a profonged lifespan.

If primary culiures are maintained in vitro for an extended period, they normally undergo
a crisis:in which the majority of cells perish, however the surviving cells are longer-ived
ard can be cultured indefinitely: Most of-these.continuous cell lines-are almost invariabiy:
poor representations of the cell as it is found in intact animal tissues. One reason for this.
lies in the fact that the process that aliows the selis fo become immortal aiso has an
impact on the characteristics of the cell. For example, most esiablished cell cuitures
have stopped expressing tissue-specific genes and instead only express housekeeping
genes required for continuous growth in cell culture - as a resuit most such celt lines are
more like each other than fike the tissue from which they were originally sourced. For
instance, most liver cell fines have stopped expressing the drug-metabelizing enzymes
that would normally make them interesting tools for testing drug toxicity. A further aspect
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poor representations of the cell as it is found in intact animal tissues. -One
reason for this. 30 ties in the fact that the process that allows the cells to
become immortal also has an impact on the characteristics of the cell. For
_example, most established cell cultures have stopped expressing
tissue-specific genes and instead only -express housekeeping genes
required for continuous growth in céll culture - as a result most such cell
lines are more like each other than like the tissue from which they were

originally sourced. For 35 instan jver I o
o SN T oy N R o
atrormtinereg 1661etol st A5 UEERPYR R P LB et s PaF (e
povensfenidesetibedimarainagiasaathod of culturing cells so that they
provide more accurate models of tissues. This in turn would improve the
eliability and predictive (RUEROLGE IHaRSErSHRSINARISABdRsARIng
iR rove&ctec%nlques for culturing cells and methods for discavering and
SHIP I &FRRIAHTS f%&‘???@éﬁﬁi&ﬂ@?%?rré‘%ﬁ%% ot Celitldr processes such’
ractarainthctifierentiaB ot aBEITESSBAVIE aRTESHRER oY pRtexi5rBRYEN
RS rRERSENISMidaIEUIND J00ABIgEItevhatibard iap fAfcatiomiw of cell units,
ROPHIR36IVbER RABHISH e pwplRars afroatisyitnd theisistentityre
0L0r Cel e BISIon. U0k SR UGS ERUANRIRAL AN SiPeR8% 1o
R TP o4 Series of culture conditions- that any one -gro, LLynitmay
FaveesBh SREL 1y LA O SO V200505 et
e stsiisaimir ool dutveerbrlerTor gellaitisniligeihasersh ity aimgrebpd he
Gdter e isterwiebcalhai tandicaneraspectitiverel isalescripedntheis ugiding

ell units which:Gan-ha handles eaaveriently in cell biology experiments,
é)rrwgﬁ?r@e for e%ar;a%le the splitting and pooling of said units. 1-5 The

present invention seeks to provide further improvements which overcom
TonmsesentrievsirmEeie &t BRVPRCHIY SRRMRAPBMREVEHOR S0 a
fixstirarmiens, ditseerisrprovided a method for determining the cell culture
history of a cell unit labelled -with more. than one tag. (eg. type of tag)-

comprisingttﬂhe! stéa S gf. (&) measuring one or more parameters of each
?Aﬁuﬁ%s%ﬁa%el the cell unit; (b)

In a first aspect, there is provided a method for determining the cell culture history of a
cell unit fabelied with more. than one tag (eg. type of fagy comprising the sieps of: (a)
measuring one or more parameters of each tag that is used fo label the cell unit; (b}
identifying -each tag in the-cell writ; and (c) correlating the identity of each-tag {o the
identity of the cell unit and/or the specific cell culture conditions io which the cell unit has

been expesed.

In a further aspect, there is provided -2 computer program product incliding-a computer
program for confrolling a computer to perform the method described herein.

in a further aspect, there is provided an apparatus for determining the cell culture history
of a cell unit comprising data processing logic operable to perform data processing
operations in accordance with the method described herein.

In a further aspect, there is provided a compiex comprising a microcarrier and a charged

(eg. negatively charged) tag.
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identifying -each tag in -the_cell vriit; and (c) correlating the identity of
each-tag to the 25 identity of the cell unit and/or the specific cell culture
conditions to which the cell unit has been exposed. In a further aspect,
there is provided -a computer program product- including-a computer
program for controlling a computer to perform the method described
herein. 30 In a further aspect, therétis provided an apparatus for
determining the cell culture history of a cell unit comprising data
processing logic operable to perform data processing operations in
accordance with the method described herein. 35 In a further aer)CFct

It Fertep RaDRISANRTEIPBIRNERS M SAEIBX LTSS AV IRET L EIT 8t g.

sRegattugly charged) tag. 4 In a further aspect, there is provided a complex
comprising a microcarrier and a rod- shaped tag. 5 The qualities of the

Tags matarg %S% ibed herein capadyaniagepuss e uilise bdnutiised in

conjunction with the improvements that are disclosed hgrein.
coRG RS o TG TSP R o R e by A epts
cypesofineanplaie dfsayasdabetingHf sPRERBRATHdoR 8" SeRarlE e of
05 o Gebronits sapshdtie ioh gy Gdmucalysidsoéntalys. MOraved Ausysey of
ect, there is provided a method for separating a complex comprising a
microcanier and a tag, comprising the step of contacting said complex
with a protease, wherein said microcarder comprises, consists or consists
legsBHNAN PR SHETR. 1 BN f A RS IR HTE ' hroViied & method
Houraepdaadingstan rmplessiarHs BmehconeebrnAE caRBIE (il RISy
ihestenncepiaaingsadsesapexiitasidts sdvalinigéowst.these
methods can be used to separate a cell unit and a tag in such a way that

B e R ek
iSittbtantaeanties. FREREHE Ba gl ﬁ?&?ﬁ?@?ﬁé‘ﬁﬁd&’%"'{é&%‘%ﬁ%
obtained in a manner which seriously complicates their analysis - such as
AB61RsscReroMingSIeRAESRH By Qb& IRrgepstatasesl unit and a tag im such a
way that the tag can be analysed using the methods described herein. Moreover, these
methods do not result in tags that are spoiled by-such treatment. Stil further, these
methods address the problem of the tags being obtained in a manner which seriously
complicates -their amalysis — such as the tags -becoming dispersed over a large surface.

area and/or floating on a denser agueous solufion.

In a further aspect, there is provided a method for determining the effect of a plurality of
culture conditions on a cell comprising the use of the complex described herein.

in a further aspect, there Is provided a method for determining-the effect of a plurality of
culfure conditions on a cell, comprising the steps of: (a) providing a first set of groups of
cell units each comprising one or more celis, and exposing said groups to desired culture
conditions; (b) pooling two or more of said groups to form at least one second pool; (¢)
subdividing the second pool to create a further set of groups of cell units; (d) exposing
said further groups to desired culture conditions; () optionally, repeating steps (b) — (d)
iteratively as required; and (f) assessing the effect on a given celf unit of the culture

conditions to which it has been exposed,
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area and/or floating on a denser aqueous solution. 25 In a further aspect,
there is provided a method for determining the effect of a plurality of
culture conditions on a cell comprising the use of the complex described
herein. In a further aspect, there is provided a method for
“determining-the.eftect of a plurality of culture conditions on a cell,
comprising the steps of: (a) providifig a first set of groups of. 30 cell units
each comprising one or more cells, and exposing said groups to desired
culture conditions; (b) pooling two or more, of said groups to for t
RSB SR R ol RIS et STt 25 of
cgrelgysietacbhdibitsingd) exposing said further groups to desired culture
conditions; (e) optionally, repeating steps (b) - (d) iteratively as required:;
@0k (Ehassersingnthe STRGERR 8 BueBCRH uibahdhe Rultore valiy of cel
cpndliions O hich, L hss Dean CxPRIeh RndNeTRIL A2 GEl Al unis
C&SW?p?P&? S oné or more ce?ls adhererit to or bounded bgt e. com Iex(
cAEs TITEHIST ARE | A arTareh & ISs BB SHREPEYs O IR ES %3&?580?0{?“! Hre
congitsingia) petiity aveariewyrebtedld Sreutieeondites cepRfsARIRythe(c)
SiRRTPG 1(8)sateNil) 2o firskred afrpeoupscdioelpsinitsslieatts; dyepprsing
A AR ot v
(%)teéﬂ‘ﬁﬁ%?&fﬁ%qﬁ'ﬁg SLeetel p%%r??‘%%lrréﬂa & & furt Ge‘}es%tr%{f}gg %?Jgp%s of c%ll ?
Quirender B SPIP'eARP R N§Ips to desired culture conditions; and
(e) optionally, repeating steps (b) 10 (d) iteratively as-required, wherein-
£agheel AL Eampisas ARt marscrlisadhanpptiie ofedotadaclty the
SRPEKARelIbed e Blh ol A WIS 290 0E) JRAH S DRV e aruplna
or g‘f{érmlnlng rt}]e_ effect of a Iur%htg/ 8f culture cgndltlonts on Qeﬁelllmure
PR SRRy B RtES 8??{*5)"&5’f§\?ﬁlmg% fiRBPEEP SFGruPs of 15 cell units
wadficoeniprsintpo o oF MYRCLENS SPIPRIEEME &3¢ 578 po1G-PaRkifeY
Splivienganditiansd (b aotivgdaduothencre gfgaigsgrd episutdolthexphsins
AR @Qf,p&ﬁé@ G_é%sii%('dQQimi B&Bﬁoﬁgpwdpﬁiﬂ@hﬁ&e@@ﬁ’gﬁ aeff?gtbw@ege
of groups of cell units:, (d) exposin id_fur ! I
' ﬁﬁﬁ?ﬁﬁg;r@" op o%ngil)g? ?S%%S??ﬁ%%%ﬁ?%?—%;gﬁ%*r%%@g a§sll re%t]iured é
anaipPaiEEthg iis BIROEPBRFS R L ARIEDT RS BRIFE2YS & ™
cdndiierentowhichritdihy Beaarenipodessrbahereii: each cell unit
comprises one or more

in a further aspect, there is provided a method for identifying a gene which influences a
celiular process, comprising the-steps of: a) determining the sifect of one or more culture
conditions on a cell unit, in accordance with the methods described herein; b) analysing
gene expression in said cell units when exposed fo said culture conditions; and ¢}
identifying-genes which are differentially expressed under desired-culture-conditions.

in a further aspect, there is provided a method for producing a nucleic acid which
encodes a gene product which influences a celiular process, comprising Identifying a
gene in accordance with the method described herein, and producing at least the coding
region of said gene by nucleic acid synthesis or biological replication.

in a further aspect, there is provided a method for inducing a cellular process, comprising
the steps of: (a) identifying one or more genes which are differenfially expressed in
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cells adherent to or bounded-by the complex described herein. In a further
aspect, there is provided a method for identifying a gene which influences
a cellular process, comprising the-steps of. a) determining the effect of
one or more culture 25 conditions on a cell unit, in accordance with the
methods described herein; b) analysing gene expression in said cell units
when exposed to -said culture condftions; and- c) identifying-genes which
are differentialFy+ expressed under desired-culture-conditions. In a further
aspect, there | s pr ded a method for rodu a nucleic.aci i 0
AR Sl Sy e oo TS AU s et

@déiﬁ)@i‘?@'ﬁﬂ'@éﬁ%%@%@m‘é{ﬁé@ﬁﬂﬁw“fﬁ%"fﬁ@ﬁ%ﬁl'@ c‘?‘?ﬂed herein, and

producing at least the coding region of said gene by nucleic acid
ByaHasis esdaielagicalisaplisation. Memdyrbekasped, thesads pravided=a
m%&%O%ffOfcghdeWﬁag%Hg'ag,s);%@e@?m%ammg o ife S16ES e alo

entifying one or more genes which are

rentlall esdsed in 91 the
dse aFPbPR‘WﬁFFﬁC?érbEfﬁH&F‘b"M’ét S a rfd%*”ﬁ%eesw“%h & fhethod
etberldestiieeirren é“€b§bhf&§?ﬂﬁtﬁ1@ﬁtﬁ‘é°@ﬁﬁ%§fcﬁ’fﬁ5?§éﬂﬂ ‘Efrfé'BPﬁ‘?d?%
geResinsthe: eell. therabiudthemadpeite shesefithpe relitie droaaysetheribio.
identifying the- state of a cellular 5 process of a cell, comprising the steps

g‘;s?om agfeonrtﬁw.%h@tﬁe 2.0r m%&aqr%%m%m Qﬁé‘ﬁﬁ%%?clbéé‘sxesﬁﬁ;%@ﬁ%d”

e C rocess In accoraance wi

e o e Ml e e i
Irerdmrnoit Jermestinds destrivrst dpipiactOrpiRasitpthed e B snsiions

wrReess6f Saickned: kocksa dnathe isakpegthdhiertis pevided a method -for
inducing a-cellular- process, comprising the steps of: (a) determining the

effect of one-or more culture eonditions, on.a cell unit, in. aceerdance with
ha AR SR T B &y oevr"é%fﬁ 0) %3( dzfsw%d gg’ ana eﬁre cgnglt%%%

ShfnerrinriaceliRs PERGRSr FIOREYRS %@S.Q&éﬁ rﬁ’@t?ﬁa"a'é%ﬁ@oeﬁ%? 4&1R a
furtioer @splEctn theed isipiowidedianpretiiothforsthedsifapeitad Agein wldh)is

HRRARIG Widodysing asellinacpasessaampsisingrEheipiens of: (a)
determining the effect of one or more agents on a cell unit, in accordance

with the methods describe ere| (b |dent| ing tho ent
R Th DB I PP g%t(,: & |n %r TS ?% p"f’ﬁe egra %)%e}gc3 of

W@BWWGM%%W@NB ﬁéﬁéfﬁﬁ’@ %fn(%)g%mﬁia% the &fisckAboge o
ingucinga cellulaspradess, sompeaisiagvthetstepstbidfajagdetberhindrnthé)
Rfaslin] MRS Ugent(s) which induce the desired cellular process in the cell units; and

¢) synthesising or isolating the ageni(s).

in a further aspect, there is provided a method for culturing stem cells or cells that have
been derived-from stem cells in viro comprising the steps of a) incubating a stem cell
culturs; and-b) splitting said culture into two or-more groups of stem. cells; and-culturing
said group of stem cells under two or more different sets of culture conditions, where)'n
the-celis are cultured in celf units, each cell unit comprising one or more cells adhered to

or bounded by the complex described herain.

In a further aspect, there is provided a method for culturing stem cells, comprising

growing said stem cells adhered to the complex described herein.
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more agents on a cell unit, In. accordance with the methods described
herein; (b) identifying those agent(s) which induce the desired cellular
process in the cell units; and c) synthesising or isolating the agent(s). 25
In a further aspect, there is provided a method for culturing stem cells or
cells that have been derived-from stem cells in vitro comprising the steps
of, a) incubating a stem cell culturé; and- -b) splitting said culture into two
or-more groups of stem cells; and-culturing said group of stem cells under
two or more different sets of cult ndjtians I
RS e LTS R Bl I o B g el Ot FEASENE
otlis 6 WP B2 61PRR K PP ﬁ@i&ﬁe'ﬁwag*fﬁfﬁ%‘i"é%ﬁ&?‘%ere
disspraddeskn methadder cetfuringbsteanstelisocomprisitRy Eroweng Sdiere
n%&%%'%@@k@?f@ﬂ Jpitheigoappiengiass ibessheteind3and (i eofalnihgtthe

gf e %tgﬁ %&v@%qh% gg%m o for obtaining differentiated cells from
A cats m vi ro comprising the steps of. (a) growing stem cells

adherent to the complex described herein in a culture medium;
inranstaeringpeirt berm iHaxckidged B baf e P P RS SR IFEH Cfé)* in vitro
cBRRaRY hEeeRis (st epetngas tbeired;tanch(uiiobtesnibgdtherel and (b)
pgo gg%qm%gglmtmgggmg%@px In a further aspect, there is

provided a method of growing pluripotent stem cells in vitro comprlsmg
the steps of: (a) seeding said cells on the complex desﬁcrlbe h%ﬂp

Ny THrEpagRRAY theelISRIRY AReiiad {8 AR SieX ha furt‘ﬁ
caspeishdigeneing mmm@mmq@mainmﬁm@%hﬁi%ro or in vitro,
comprising growing said cells adhered to the complex described herein In.

R4S Ao ng&f?&&%!%ﬁﬁé’é@“?&%msﬁ%ﬁtﬁfn&mgwm{@f@g&mﬁm
or obtaina rom a cell uni prising, the, ste : in
PR Ee‘FPhhﬁT‘%lﬁ%{'}W&‘ng fb? eggtam% g oBh %i g §%@{Q§ &)

e or more images, of

aiinpa ANeresdePR !’ééﬁﬁ’ﬁqﬁethérfag(d}s’ﬁ%zﬁy%ﬁ'ﬁm FmtS ’t‘(?*d%'?grr(ﬁ" e
HERMigeeicatirakehtie tag. mmaﬁr@s{ﬁé@tmhere is provided the
use of the -complex described herein for

in a further aspect, there is provided the use of the -complex described herein for
determining the effect of a plurality of culture conditions ona celk.

In a further aspect, there is provided the use of & rod-shaped tag - such-gs a Nanowirs o

label a microcarrier.

In a further aspect, there is provided the use of a rod-shaped tag — such as a nanowire

for determining the effect of.a plurality of culture conditions on a cell.
In & further aspect, there.is provided a-method, a complex, a computer program, an
apparatus of a use substantially as described herein with reference to the accompanying

figures.

Embodiments

In somie embodiments, the method is an automated method.

In some embodiments, the cell unit is bound or adhered to a microcarrier.
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20 determining the effect of a plurality of culture conditions orra cell. In a
further aspect, there is provided the use of a rod-shaped tag - such-as a
nanowirre to label a microcarrier. 25 In a further aspect, there is provided
the use of a rod-shaped tag - such as a nanowire for determining the
effect of-a plurality of culture conditions on a cell. In a further aspect,
there- is provided- a-method, a corfiplex, a computer program, an
apparatus or a use substantially as described herein with reference to the
accompanying 30 figures. Embodiments In some embodiments, the
method is an automated method. 35 In some embodiments, the cell unit
lissbroe AUl oG oRREIBICE FHER OB ShasERIL RIS iRfents, the
microcarrier is a porous or a solid microcarrier. In some embodiments, the
P LAMSTUCIRABRHCHS SSRRIatLIEeHMitA® GepitRg anisiagatipTényisipgred

microcarrier e aC topo icr r SRR %;‘_m;gf@gg{é} ry a
C@ﬁﬁf’s{e er m|cr§(r:are er, ayép t%pﬁ]@%%?fg? & rrgﬁ IS:%Itj Ijghe r- ?

W@%@afﬁﬁpﬁ?ﬁ@é QQW@H@r%W&C@B‘ﬁHSr ﬁsﬁl N RsRiet ani e
Caxlmmhmneommcamé‘ﬁﬂ@@?ﬂaﬁ“ﬁﬁ?@?ﬁ@&rr%r"ﬁﬁf&@%c%ﬁﬁwwt
dRAAcRsES=A GAB Sameopiredimendsctingsolid microcarrier is selected
from the group consisting of a Cytodex microcarrier leg. a Cytodex 1,

Cytodex 2 or X |crocarrJer (0] S
T AR s o e AR

QRBOCTHERETIER §e8arParionsd) SHPHRS 3SR ch LA 1R (?p iZal
rbr@rapertisigidhenagsairesorié @b odieravist the BptRedirspeiés are
selected from the group consisting of. light reflectivity, colour, the

:‘In%grrggcg%d SIHESIQR WaMHISRS F'@r)a and {he oreseRRGRIRMINSIBRtical

nS|ty In some embodiments, one or more image(s) of each tag in

RIvReEiaF Chis A% field of interest is measured.

in some embodiments, the optical properties are selected from the group consisting of:
light refiectivity, colour, the fluorescence emission- wavelength(sy and the flusrescence

emission intensity.

In some embodiments, one or more image(s) of each tag in the celt unit in the field of

interest is measured.

In some embodiments, -ena or-more image(s) of each tag in the cell unit in the field of

interest is measured using microscopy..

In some embodiments, the microscopy method is selected-fro the group eonsisting™ of
bright field microscopy, phase-contrast-microscopy, oblique illurnination-microscopy, dark
field microscopy, differential interference confrast microscopy, reflection contrast
microscopy, varel contrast micreseopy, polarizing microscopy, interference microscopy

and fluorescence rmicrescopy.

In some embodiments, outlines are drawn for the one or more image(s) of each tag in

the celf unit in the fleld of interest.
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In some embodiments, one or-more image(s) of each tag in the cell-unit in
the field of 25 interest is measured using microscopy. In some
embodiments, the microscopy method is selected -fro The group
consisting-of bright field microscopy,-phase-contrast-microscopy, oblique
illumination=microscopy, dark field microscopy, differential interference
contrast microscopy, reflection contrast 30 microscopy, varel contrast
microscopy, polarizing microscopy, interference microscopy and

fluorescence microscopy. In some embodi ' rawner,
'HEBR E'Bt?orﬂ@?é“ﬁh%rbeegs gfee{g{lc reté:gﬁl%a %%%@ﬁ%ﬂ%?ﬁ ?%e%ég?g %‘ﬂ;nté rest.

B35 Bl pf SERRStERMRATHIRENtS, one or more fluorescence image(s) of each
tag in the cell unit in the field of interest is measured. In some

EDhdimenimputlinemicrheope:ar moksrinage)s)erededded thatonther
one or 5 more .quori]sﬁ:)(_:ence image(s). In some embodiments, one or

S 1mage . L .
Tore Hlorescence age(s) of each tag in the cell unitin the field of

interest is measured for each fluorophore that is used to label the tags. 10
Imsommeniiineiinerits o6 At BepiRsasacedmagR(i) il ﬁ%ﬁ%fﬁ@&lﬁ?ﬁr‘é@&d?ﬂ'@’“
e erordnRLi e pesameteénseaftiiectaphwittinthessddodabridhe Botlines. In
some embodiments, the one or more parameters of the tag are the area

and/or optical density.of the tag. 15 %ﬁmg@g #iheRNg Ak
hEree %%r%e %}g'éef%éﬁetat%g' gﬁg ‘i"r%15 G’I{qt'te%é)into a spreadslilltgeset. in some-

eHERmEHRS BB DS BRISSE S rom the group consisting of a

20 fluorophore that-emits a blue, green,: near red-or far red fluorescence.
iR SAHBeRIBRedHReNHS o Iadw p=parmatie didedaharetbarccagod/otivptical
gé,{%gg%p{plreeég(jo not quench each qther. 25 _In some embodiments, the
sizes are selected from at least 3 different sizes - suchas 4, 5,6 or 7

different sizes. _ _
In some embodiments, the one or more:parameiers of the tag are inpuited info a

spreadshest.

In some embodiments, the fluorophore is selecied from the group consisting of a

fluorophore that-emits a blue, green, near redor far red fluorescence.

in some ermbodiments, where two or more fluorophores are used, the fluarophores do

not quench each other.

in some embodiments, the sizes are selected from at least 3 different si;es -~ such gs 4,

5, 6 or 7 different sizes.

in some embodiments, the sizes are selected from tite group consisting of about T.9pm,
about 4.4um, about 5.4pm, about 5.8um, about 7.4um, about 8.7um and about 9.8

In some embodiments, the fluorophore is selected from the group consisting of UV2,
Starfire Red and TRITC.

In some embodiments, the quantity of fluorophore is selected from 5 different guantities.
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In some embodiments, the sizes are selected from the group consisting of
about 1-.9m, about 4.4m, about 5.41tm, about 5.8m, about 7.4m, about
9.71im and about 9.8m 30 In some embodiments, the fluorophore is
selected from the group consisting of UV2, Starfire Red and TRITC. In
'some embodiments, the quantity of fluorophore is selected from 5 different
guantities. 35 10 In some embodirﬁ@nts, these quantities are indicated by
ranges (eg. ranges of fluorescence intensity). In some embodiments,

ach different guantity gives about a 5 to.10-fold difference i
R B o U s BAEA 2

5
X f
Ry o5 315 DACIPRLBY S iienah anoes ©
Papesrerssintesidine embodiments, there are at least 5 different integers.
10 In some embodiments, the microcarrier is a parous.microcarrier. In

SONEEBRBCHMERLS <the Micresasisriiagadsthargao o Bisemaence in
%mt'gl%%isrpents, the microcarrier comprises, consists or consists essentially

ongrotelh, cellulose, polyethylene, polystyrol, glass, collagen,
collagen-gylcose- aminoglycan and/or gelatin. In some-embodiments, the
iagines embpiirgets. J0eln Y6 @deam B Gdinenperane!tesyy has a net charge. In
some embodiments, the tag has a negative charge. 25 In some

embedinanianihe hawsd 1agds:3 aprifinish§eme embodiments, the

sphere is-a microsphere. In some embodiments, the microsphere is about
9 isM or less in diameter. 30' In some embodiments, the microsphere is a
L PRER TRl BT IR S REAYS REBHREEmbodiments, the tag
comprises, consists or consists essentially of polystyrene.

in some embodiments, the microcarrier has a net charge.

In soms embodimeants, the microcarrier comprises, consists or consists essentially of
protein, cellulose, polyethylene, polystyrol, glass, collagen, collagen-gylcose-
aminoglycan and/or gelatin.

In some-embodiments, the tag as a charge.

In some embodiments, the tag has a net charge.

In some embodiments, the tag has a negafive charge.

in some embodiments, the charged tag is a sphere.

in'some embodiments, te sphere is-a microsphere.

In some embodiments, the microsphere is about 9 uM or less in diameter.

In seme embodiments, the microsphere is a carboxylaie modified (CML) microsphere.

In some embodiments, the tag comprises, consisis or consists essentially of polystyrene,

In some embodiments, the complex (eg. the microcarrier) is adhered or bound to a cell

unit.



10

15

20

25

30

35

35 In some embodiments, the complex (eg. the microcarrier) is adhered or
bound to a cell unit. 11 In some embodiments, at least one antibody is
bound to the cell unit. In-some embodiments, the rod-shaped tag is a
nanowire. 5 In some embodiments, the nanowire is an aluminium
nanowire. In some embodiments, the nanowire is coated with silver and/or
gold. 10 In some embodiments, th&'nanowire- is about 1M or less in
diameter-.. In some embodiments, the nanowire is about 10 M or less in
length. In some embodiments, the microcanier is a porous microcarder.
15 -Income embodiments, the porous microcarrier is a charge neutral
Imsoree amiedimente Aideasi s dmisrs sdhagddediecahtibdy is bound to the
cell unit. 20 In some embodiments, the microcarrier .comprises, consists
ALGRRsisis aaseRtially of-saplatiag is Spmevembodiments, the microcarrier
Is a Cultispher microcarrier. 25 In some embodiments, the microcarrier is
selected from the group consisting. of a. CuItisgher-G microcarrier, a
TR PP RS BRIV IR E BLRIEPREPR ST Gt arrier. In some
embodiments, the protease. is selected from the group consisting
AfsBrleinBEEmKatly pRiRatberais ysiranthciepasd/@Qdd. some
embodiments, the proteinase K is used in an amount of about 0.5U/ml or

less. In some embaodiments, the complex is, con dwith proteinase K
%?%?%@&%?Wéﬁ%ﬁr‘ﬁﬁ?@é’%%‘ii% ntggémes ag%rgh%er{%ts", the complex is

& émbo
contacted with the protease in a volume of about 5 W or less. In some
Arehes neBiEnERe Mhsracanie lscamprises] coasidtdangbonsists essentially

of
In some embodiments, the microcarrier is a porous microcarter.
Jn-some embodiments, the porous microcarrier is a charge neutral microcarrier.

In some embodiments, at Isast one antibody is bound to the cell unit,

In some embodiments, the rmicrocarrier comprises, consists or consists essentially of

-gelatin.
in some embodiments, the microcarrier is a Cultispher microcarrier.

in some embodiments, the microcarrier is selected from the group consisting of a
Cultispher-G microcarrier, a Cultispher-GGL microcarrier and Cultispher-3 microcarrier.

In some embodiments, the protease. is sefected from the group consisting of proteinase

K, typsin, thermolysin and caspase.
In some embodiments, the proteinase K is used in an amount of about 0.5U/ml or less.

In some embodiments, the complex is contacted with proteinase K for at least 20-60

minutes.
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5 cellulose. In some embodiments, the microcarrier is a Cytopore
microcaaier. In some. embodiments, the microcan'ier is a CytQpore 2
microcarrier. 10 In some embodiments, the tag isa sphere. In some
embodiments, the acid is selected from the group consisting of
“hydrochloric acid, sulphuric acid and sodium_hypochlorite. 15 In some
embodiments, the acid is 37% hydtéchloric acid (-12M). In some
embodiments, the acid is concentrated sulphuric acid. 20 In some

embodiments, the complex is. contacted wijt idJin -a yo - 5
S E U e e e
5qft tiidessid. 25 In some embodiments, the cells are cultured in cell units;

each cell unit comprising one or more-cells. In some embodiments, the
e T B B e e e
cgdRafn one or more specific agents which influence a cellular process. 35

In some embodiments, the cell culture conditions comprise culturing at
119 B8R sBsanapesifie tebperattites CYBpamesonrecamidiodiments, the cell

culture conditions comprise culturing on one or more specific; substrates.

5 In some embodiments, the desire I iti influence a cellular
1%?88‘58%?%’8%%‘?#&5&%%{8‘ ren g,lsr'r?oaﬁc%{%r% é‘\f ‘!g?‘g%gf I%fipression in the cell
comprises transfection of said one or more genes into the cell. 10 In
iscone: emibolitiressttatrade tidaref gene expression comprises the
exogenous administration of a gene product In some embodiments, said

igns%r% M&dﬁﬁé}ﬁé %ng@ e gg@ﬁlﬁfd’-from the group consisting of hydrochloric

acid, sulphuric acid and sodium.hypochlorite.
In some embodiments, the acid is 37% hydrochioric acid (~12M).
In some embodiments, the acid is concentrated suiphuric acid.

In some embodiments, the complex is contacted with acid ina volame of about 5 pl or

less.

In some embodiments, the complex is heated_inthe presence of the acid.

- In some embodiments, the cells are cultured in cell units; each cell unit comprising one

or more.cells.

In some embodiments, the cell-units are single cells.

In some embodiments, the culture conditions are media to which the cell is exposed.

In some embodiments, the media contain one or more specific agents which influence a

cellutar process.

In some embodiments, the cell culture conditions comprise culturing at one or more

specific temperatures.
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15 In some embodiments, said marker may be detected by an
immunoassay In some embodiments, the cellularprocess is cell
proliferation or-differentiation. In some embodiments, the cell units are
single-cells. 20 In some embodiments, said stem cells are subjected to at
‘least one change of culture conditions. In some embodiments, said
change of culture -conditions comp#ises a change of 25 medium. In some
embodiments, the differentiated cells are- isolated- by enzymatic or
chemical detachment from the-complex. 30 In some embodiments, the
differentiated cells are isolated by digestion of the complex. Description of
ithermigertsdigute theimelveuiusaFRRdtert GRITRERS SHIRENRiBFopEaas Mo
syigwes uheesslight microscopy 35 with Black, Red and Blue tags in two
different sizes (5.4pm and 7.6pm). 14 Figure 2 shows Cultispher-G
microcarriers trapped on a 70pm filter.duri unbound,
PO TI0 P It B e e ot 2
shows the digestion of Cultispher-G microcarriers with 2U1ml proteinase k
1 dGigeIcasb shimanthevseintsioniof gear kaprovErrain HnspiLteRossR rapsfection
Jndigated), Figk R shenssthar digestion of Cytopore 2 microcarriers with
37% HCI (-12M) (figures show the same microcarrier over a 1 hr 30m

period, as indicated) 10 Figure- 5 shows an Imag Tag Analysi
“FI@%%WW?&%S&W@‘%WQW%BQ% Sa€HR sgﬂe%gﬁ’%ﬁore area an%%%ﬁs
soptiveialionsity venadyela microbead. Images are taken using various

exposures and filters: UV2 filter: Ex 340-380nm; Em 435-485nm; TRITC

e RARHR5RM,E ehE0FAE finesSiatits RestkEx 620/60nm; Em
700/75nm. 15 Figure 6 shows a Tag ID Flowchart in which the microbeads
(tags) are of 2 different sizes, each with 4 levels of quorthore A
InseFseR e enln SR RBREATIRY 3% SR FRIFS G phore B 1s-TRIT-C. F1 -
mean optical density measurement for tag -using UV2 channel; F2 -
QA aplicaktiensitemaart reraentiscetaplifsmipStadifer®éeliehannel; F3
- mean optical- density measurement for tag using TRITC channel; f1- -

lower limit for . ]
In some embodiments, the cell units are single-cells.

in some embodiments, said stem cells are subjected fo af least one change of cuiture

corditions.

in. some embadiments, said change of culture -cenditions comprises a change of

medium.

In some embodiments, the diferentiated celis are isolated by enzymatic or chemical

detachment from the-complex.
In some embodiments, the differentiated cells are isolated by digestion of the compiex

Description of the Figures

Figure 1 shows a sampie of coloured Duke microbeads viewed under fight microscopy
with Black, Red and Blue tags in two different sizes (5.4pm and 7.8um).
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20 fluorescence of tag 1; f2 - upper limit for fluorescence- of tag 1; f3 -
lower threshold for TRJTC fluorescence of all tags; f4 - lower limit for
fluorescence of tag 2; f5 - upper limit Tor -fluorescence of-tag 2 etc;-Area
- area measurement; al - lower area limit for-tat of size 1; a2 - upper area
‘limit for tag of size 1; a3 - lower area limit for tag of size 2; a4 - upper-area
limit for tag of size2 etc; Y-= yes; N'% no 25 In further detail, box (a) shows
that the lower limit for a first parameter is less than the mean

measurement for a- first parameter and the uppey, limit for 3 first, . .
i tetBrYS %?@ﬁ@?rfﬁa'ﬂfcfﬂ%a?ﬁee%% %ﬁ%%sﬁrrle%?e{)ﬁﬂgrﬁg ﬁrﬂsr[hgsarginzsfe?;

rigoavEn)rshonds iR irsisdeiRe [aneRtdra s PAEhREEE MRS than the
mean measurement for a second parameter 30 and the upper-limit for a
F5Gng ?ﬁ{%@@&ﬁg(;@&{?@@ribﬁﬁpﬂé@@ﬂﬁﬂdﬁwﬁ r@meﬂﬂllgif@lr Tﬁﬁeﬁam
arameter, boxes (c | w that the
(SR SHOWARE, rsg%eerﬁ%tfror ﬁ%ﬁ?&eégé%?gﬁ%%ﬂﬁﬁﬁ? tﬁbé lower limit
for the third parameter, box (e) shows that if the result from box (b) is
Mqgativestivers tte wjigsefiotowie CdREoMearmisiasasisentéits3or 4¥driFat™)
dipastRiamRARaRReiR GEpristeastEetr Borparticd|as bdxated)35 shows that
the lower area limit for an integer of a parameter is less than the mean

measurement of the parameter.and.that th imitfo i er
R LS A R BBl L MEEicae g Lsteg
quarenTererarTh RIOFBESRLAPISTY KAHTE foRdDETererd JEPARS &S TR IRE:
Vo @ xR, fs) fkass:(UY 2FRtpar EX734BoRsan B dpigvemot Hafter =

Whisk,QnE LB FBRE IRt eaRife Glea: FRrervBtRIM Earearamned serially, such
that the final ‘No' decisions from Figure 6 will go on to interrogate those

integers for a further parameter. Fluorophore A is Starfire Red e
R BHONS B 195 6P R o T R E e et
devakipchudh thisvelnefiaroRs e dcisBREMSHT BigiTPBRINGS 5ntyr &
inleripgale the. Starfice Redhnaluesticn dhesiteleeastrsivertdy. PL Usingdly?2
HERRLY FCRRESRA! IohdlVRaannehita ta@eaﬁghéfg]waw channel; 3 -
-measurement for Starfire R inG 3z feeasensity meas ursment
‘i‘?)era"T?ﬂLFéI?ﬁ gﬁﬁéﬂﬁ%{e%weteﬁ%??g%lﬂgirrels?%\cc?‘ ?‘{r taﬁ;%i B%E;-SH nper.
fimieseRneriBT &St bride UPRELGUH ST TIRBFIISSRoR? 161 TRITE liorescence
oAl thgshsiency b aliNpgn lower limit for fluorescence of tag 2; f5 — upper limit
For fiuorescence of- tag 2 efc; Area - arsa measurement; al - lower area fimit fort=2g of
size 1; a2 - upper area limit for tag of size 1; a3 — lower area limit for tag of size 2; ad —

upper-area limit for tag of size.2 efc; Y'=yes; N = no.

in further detail, box {a) shows that the lower limit for a first parameter is less tham the
mean measurement for a- first parameter and’ the upper limit for a first parameter is-
greater fhan.the mean measurement for a first parameter; box (b} shows that the lower-
limit for a second parameter is less than the mean measurement for a second parameter
and the upper-limit for a second parameter is greater than the mean measurement for a
second parameter; boxes (c), (f) (), (), (o). (a) (t) and (v) each show that the mean
measurement for a third parameter is greater than the lower limit for the third parameter;
box (e} shows that if the result from box (b} is negative then the upper, lower and mean
measurements for a further integer of a parameter are measured. In particular, box (e)
shows that the lower area limit for an integer of a parameter is less than the mean
measurement of the parameter and that the upper area limit for the integer of the
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15 Figure 8 shows a macroporous CultiSpher-G gelatine microcarriers
(Percell Biolytica AB) seeded with mouse.ES cells-and stained with a kit
showing alkaline phosphatase activity, a marker of pluripotency _ Figure 9
shows a sample of the 140,000 microcarers processed by Combinatorial

ot ot 8

D1'3 with the macrophage assay Péagent DQ-ovalbumin (Molecular
Probes). Top left panel shows a phase contrast image of the

micr-ocariers. The top right image shows the sa ield usj ilter
SRR BT R e S e Al G Adeule [

mrtterriraﬂgeraabe|t_@dawwgv@éﬁ?ﬁﬁarégééh&@z PEhanfdtlom left image
shows:the same field using a 25 FITC filter set, revealing UV2-loaded
Fsgg%f %S&%i@t%ﬁ# Wi daGeriGReeATRENRICHIGW RO dmastigers i@‘Lﬁ;ﬂ@e@%@r
a different field. Figur S gr ' DB to
B fo (g y’%?daﬁ%%%g'féﬂ%‘d]t(%%{etlﬁéeeﬁ?%pﬁi@r%@gg}égﬁggﬁ' h;lo a?ég a%
integrogFta 3008 (NSRS, Fha HAPE" RAPRERShith B rasterisk in _Sﬁéeng c{ss
RleoropédiecBois TERHGHS Rehivamped lager Gt aies piily, such that
wE Bratueitiecass aRagRuEifferenttation iRgureaiXis Sladrdtnplelpafor
JRISLRASEDRAG lrgnpuhe b masRg ﬁaima@br@&:fﬁ* mean
-ovalbumin (Molecular. Prgbes). re 13 is
RS BB %ﬁﬁ%r%%%r%?ﬁﬁt%g?ﬂorﬁ%is%ﬁ%%ﬁ ki
TRiForatenest (Fi8hereWal)imh miASHiRTasvéie 28 bethRan 'T&B'ﬁ%
RocsSRELiftanet Werpdyatrseitidie TRETAGupspeasiesRbrigeY of thees:
flkiggophore Starfire Red or alternatively UV2. 5 Figure 14 is a calibration
sample of Starfire Red dyed microsphere tags analysed according to tag

R B PR TP AR O SRR Pt ach D s
A8) Bvedetauiiication 6% @RS BELFETEAMH GclHREPYInh g iR PIEBIEHS
Satityscoattel smagipstedaod-shaped particles used in the experiment,

obtained using illumination at 430nm and a 63X objective. Left image

i‘g"lgtli;%lé) é%%l\gsh g sample of the 140,000 micmcaﬁ:ieré processed by Combinatorial Cell
culture through-the matrix shown in Table 1 and incubated-on D13 with the macrophage
assay reagent DQ-ovatbumin (Molecular Probes). Top leff panel shows a phase confrast
image of the microcarriers. The tep right image shows the same field using & FITC filter
set, whereby macrophages are easily distinguishable as large, round cells internally
iabelled with green fluorescence. The bottem left image shows: the same field using a

EITC filter set, revealing UV2-loaded tags associated with the microcariers.
~Figure 10 is as for Figure 9 but for a different field.

Figure 11 represents graphs showing the number and identity of all tags found on the
microphage-bearing microcarriers a) C5, b) A22 and c) E6. The bars marked with an
asterisk in b) and c) denote the conditions which were later determined to result in

reproducible macrophage differentiation.

Figure 12 is an example of a microcarrier bearing large number of macrophage stained
with DQ-ovalbumin (Molecular Probes).
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- image 100001 (where 1 = Ag and O = Au) 15 Figure 16 is an image of a

labelled cell unit stained with neutral red vital stain to reveal living cells
and showing associated rod-shaped patrticles -(indicated with arrows}
obtained using bright field illumination and a 20X objective. Figure 17 is an
‘Image 'of rod-shaped particles liberated following-proteirrase K digestion
20 of a labelled cell unit, obtained.Wsing, bright field illumination and. a
20X objective. Figure 18 is-an image-showing discrimination of two

different-particles liberated following- protein ' ' labelled
AR, SRR R m&ﬂ%@%ﬁ%@%%%&g%%?ﬁa% e
B O0RboiHlripsciSbarabii e, miseshRietc GreRke AR dGT Hha"%s
dhe.ppdigleas tedight isd Qidahguisheln edsBeseriptite Gfitheinveritiafire
Rpe @pitit%pn%ﬂ%gWre Conditions As used herein, the term "culture
conditions” refers to the environment which cells are placed in or are
exposed to in order to promote growth or differentiation of said cells.
Figwre, thdserrafbralieneamelen et RiaT e sk AYRT <TISRBshiags analysed
Londitions :pudisirate, Btindsgpeeniditoiy ain diveriespasviehsaitig aifeittitie
AdvtaAnd udifemntintiepaficelisderapaniaiadthedeymorefers

ecific gg%:-ntg 17 u Ygr};i%]-o@lzﬁlfeg? incorporated into culture media and

t

0S
%ﬁﬁ?(’?ﬁaﬁ%y inflience the growth and/or differentiation of cells. -Cell A cell,

as referred to herein, is defined as the smallest structural unit of an_
Rigyeanimhvthaualcopuisienesiproe sedsianerLpRITIBRM o8 e RiRAEamly
SMeRBISRirgOnsisHApwEoAscwI mare BAX ebjestiaplasinimmgd VaHYGs Right
iglraqunl%gggq AlherrauRdeddy-aasgmipermeable cell membrane or cell
wall.

The cell may be prokaryotic, eukaryotic or archaebacterial. For
example, the cell may be a eukaryaotic cell. Mammalian cells %regQreferrqd,
S

Dapecilly FuimasecliRiaelird iy B RERT B FHBAITED Lel G PEs By Vo2
fyenetielid Oanch ahipuitaticssoriped saginbehed LpaTHslero ditalrd dutireégows)
Hapettianddsismeselinisnaefingd roxangedstail-below, and is a
totipotent, pluripotent or multipotentcell capable of giving rise to more
lg?gahr:!eo'ln 76§$déf:£(?rrnea%g%[g i%dc—(sa#a%%e{da%itggg i%%&e‘y?y&gﬁn%ﬁ; -or - %a@éqg dﬂestion

of a labelled cell unit, obtained. using bright Tield: iflumination and a 20X objective.

Figure 18 is-an image-showing discrimination of two different-particies liberated following-
proteinaseK digestion of a labelied cell unit, obtained using a CFP filter set (Ex. 436/10;
Em. 465/30) with a-100x it immersion objective. The pariicle on-the-lefi-is 100001 and
the particle on the right is 101010.

Detailed Description of-therinvention

Definitions

Culture Conditions As used herein, the term “culture conditions” refers fo the
environment which cells are placed in or are exposed to in order fo promote growth or
differentiation of said cells. Thus, the term refers to the medium, temperature,
atmosphetic conditions, substrate, stirring conditions and the like which may affect the
growth and/ or differentiation of cells. More particularly, the term refers to specific agents
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vitro to give rise to differentiated cells, which may themselves be
multipotent, or may be terminally differentiated. Cells differentiated in vitro
are cells which have been created 15. artificially by exposing stem cells to
one or more agents which promote cell differentiation. Cellular process A
“cellular process is any characteristig, function, process, event, cause or
effect, intracellular or extracellular, which-occurs or is observed orwhich
can be 20 attributed to a- cell. Examples of cellular processes include, but
e S B AR AR IoPBINGRE S GRE et g RGNS RNGIGAY
signa !n)gr], [naln recognition,- molecule:production or destruction
Eﬂﬂ%@’rﬁﬁﬁ%ﬁﬁ?%ﬁi&ﬁ%ﬂ, protein folding, transcription, translation,
catalysis, synaptic transmission, vesicular transport, organelle function,
call cysleasnetabolisnerpnokifecttiahacibesionlisiffirahiiation, g he awg/pem
tg&!}%%%gb@%ﬁﬁd I ;@é?}{%ﬁ%ﬁlﬂur@ e §ﬁ§l€fféleﬁgdhﬁg%%iﬂf%?$§ﬁ&g.@eﬂne
uni roup of cells, which ma u y
T Rt o T %’é“f‘aﬁf‘
AT atR R vel, §@8W?H§E%B%B‘TP‘EWPE%R&5%’¥°&€/ [ EOT0Ry of cells
ramdezarohicethin déle ot BO antuiceriosel toMamsalne EeflfuRsScarRifISHS.
FpESAPERHROSMRENIS R CAlIME Mayiratotn prisdifiadnisrdtaate bprdsssii- to
g dsadered aeonp kel Loalankiotippiantsceh sanani

{ tential to dif tiate.int t f ti , do'
Tbnandtias bl

, arly desire y 5 _some_rrt\ea,ns,
dione Hsotppesnihealpnediiferaittd reAmeriSREmela M A2 A STRIEATR 4
differegitiatessrtodfmeetithehceitre vihidh mey dierostiveess MIHIGAANGIIE B3P eet,
tha e diagenfiusesbRagitentalosiofa yragstbattisrbed thed ictestity
a,cell pnit andjor determine 4Luliurg, conditign, Qla-ReaMenrsRifsuES:
%%ﬁ%ﬁ%qéy tng%ﬁ!cﬁ t%g cell unit has been exposegd. In another aspect, the
?&?F?"fﬁ’ﬂﬁnrefers to any tag that is added to a cell unit as a means of
specifically labelling that cell unit, thus facilitating the identification of a
collumitiaockes the determmination iofamcutteretastmifiostiond pcesequenice
gl cuitirgrcandiienidoondichihascltinbbassheaniaxpesedichuiably,
the,1agsexdists, 1n g number of IGiALed UL USHINGL YR HS MGk Bhted to;
viability, senescence, death, pluripotency, morphology, signalling, binding, recognition,.
molecule production or destruction (degradatien), mutation, protein folding, franscription,
transiation, catalysis, synaptic transmission, vesicular fransport, organelie function, cell
cycle, metabelism, proiiferation, division, differentiation, phenotype, genctype, gens
expression, or the conirol of these processes.

Cell.unit A group of cells, which may be a group of ore. Pools of cell units may be
sorted, subdivided and:- handled without substantidlly dissociating the cell unils
themselves, such that the cell unit behaves as a colony of cells and each cell in the cell
unit is exposed to the same culture conditions. For some embodiments, a cell unit may
comprise a microcarrier or bead to which is adhered a group of cells.

Totipotent A totipotent cell is a cell with the potential to differentiate into any type of
somatic or germ cell found in the organism. Thus, any desired cell may be derfved, by

some means, from a totipotent cell.
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easily distinguishable, as described in further detail-herein. The tag
typically-forms part of a complex with a microcarrier - such as a
Cultispher-G microcarrier or a Cytopore 2 microcarrier. For some
embodiments, the tag is a sphere or a bead - such as a microsphere or a
‘microbeed. for some embodiments the tag is a rod-shaped patrticle t5
such. as a nanowire. As referred tdherein, the term "tag" is synonymous
with the term "label". Exposure- to culture conditions A cell is exposed to
culture conditions when, it is cedinc ' '
T R P U AR e ke
neisatheetyhith, -differentiation, or metabolic state-ti the cell. Thus,

if the.culture conditions comprise culturing the cell in a medium, the cell is.
TQ%Cl%dm{Q thesmagiuprfonaysuiiaient perbd-efdine foitagotirve wad i
i enﬁ&t'a'a'c‘?e ‘9’{'% dal?xé/'%‘? £0diions AR leRciRtM SceNdiipBsdhe celisrare
at the

cultdre esired temperature. 25 Pqoling The lj Of, .~
cHEHEBED R CH T T EE VAR S T F e e
refiirsgleagsoiap BelieekdeHiEhacsthibes 2 EPRRE SperaagR et oo
JBRCKgEGEERatin EiBcthiatdtav ef reen exipend/dritherisiermiaaiond aipdHERt
o5 2 %Hé}l}&e? cRpslifiansy Auee Baaeﬁd@ﬁgsubdbﬂidﬁdrmrgﬂgngmwmsi
either ra ly or non- randomly; \@scipaels”
Sl o DOV T B s
cae ISP Rblee 2B ATSRE AR @%‘8%8?5‘“{6 Aerent'sels of c%lture i
tenditips. Wt feictcnTEet tydvith aRaiseN9ssI miFGeHes Y adaderor 2
interchangeahlshaseimbodidensteta ubkiplicatisshekcell nbsaderssifthauta
Allelsiaten jni.ddler o gg.my@ﬁ&eﬁngrﬁslmea@e@-mm%wﬁgwg
erms denote jncrease of viable cell pu IS, JR; ,
%@Iﬁé%ﬂﬁwrﬁ'otﬁsc?g)?ﬁﬁé%égr gv’%%r?%qg’aiﬁén é%%%gﬁ%gphe%otype or
“Bémbtype. Differentiation Cell differentiation is the development, from a

cell type, of a different cell 5 type. For example, a bipotent, pluripotent or
Eolipgiantselmay sifferaniiata inip @ eeptrald delkubifferentigeonwhery ibés
accompanied byproliferafion, ormavhRindrasndanticheresfokher teer

differentiation éenerally refers 10 the acc yahl%gog of, %agg@ﬁ&g@%%g cell.
TPAAFPRERSSIED AU F BTN Ispmentally defined cell type, €.9. a
Trewrdithecudture conditions comprise culturing the Tell in a medium, the cell Is p aced
in the-medium for a sufficient period of time for it to have an sffect, Likewise, if the
condifions are temperature conditions, the cells are cultured at the desired temnperature.

Pooling 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 s, that have been exposed to more than-one different sets—of culture
conditions. A pool may be subdivided further into groups, either randomly or norn-
randomly; such. groups are not themseives “nools” for the present purposes, buf may
thernselves be pooled by combination, for example after exposure to different sets of

culture conditions.

Proliferation Cell growth and cell proliferation are used interchangeably herein to
denote multiplication of cell numbers without diffarentiation into different cell fypes or

lineages. !n other words, the terms denote increase of viable cell numbers. in some
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lymphocyte, but does not preclude transdifferentiation, whereby one
mature cell type 10 may convert to another mature cell type-e-.g. a
neuron to -a lymphocyte. Differentiation state The differentiation state of a
cell is the level to which a cell has differentiated along a particular

‘pathway or lineage. 15 State of a cqgular process The state of a cellular

process refers to whether a cellular “process is occurring or not and in
complex cellular processes can denote a particular step or stage in that
SRR DI AR XARPIReapEHURL Alriiab cRRRLE WUl
may be Inactive or may have been induced and may comprise a number
B9 EFete steps or components such as signalling events -characterised
by the presence of a 20 characteristic set of enzymes or intermediates.
Gigse Aigaie (eipardetatatrcit thhiddvanpoedsiayemeliyodiaita dFeiey cell
RRlyReptide.0ian iRMAgsRARIadurofstmadnasiamagmen includesat
€05t {1g coding SedUeRCE WBIGN 1ENGOUSS ARSI Bh BEbbndor:
8?5'&0 a I?/{eﬁlc ﬂcﬁ‘e-o e or m'orepre ulatory -regions’. 25 necessary for tf}e
iraresbriBB AR PRI GBRNE SO iy e TR Ca B LR 4
roere (ped vt iscaypicily agyeineneeiaBodeiresy callgepe m%nh@ neuron, or a
RRPrBBHENBkABEN @bt plesNayaraibeitesnisisy ehemmpassaesature cell type
RRDRAXARRTEsdanE. R Bckais i as s pRiacnis, Which are

y the gene. 30 Nucleic acid synthesis Nucleic acids may be
synthesised according to any available technique. In some embodiments,
Riffseantiatiensyiatnedhei SriesiaiRe FarRED val SR IECLEINRI] B4 hes
greskkigactb yitigle gicidulaphichtenosinehagas by cloning and replication in
bacterial or eukaryotic cells, according to procedures known in the art. 35

Q0. Cifferenial Fxpression Canesichars eitessel & dilaran lavals
In response to _cell culture conditions can be identified by ge eégp%;ggﬁégn
nes

AFRSRTSIES SERATRY Oh B SRL Ky e thods Knowit the an. Ganes
wihictr sleseliffdrerrilipoxpressEar spalp e GriiRerErrateionprintiy Bie
R N4y 0k gerevpradusy intheccelindncat dhe rtestecomdition s tisanf disaete
altemativesanditionscrelative-ininy eiatig enaraxaression iy ghesence of a
T ans{g‘g:‘ft on ggpees may be fransfected into cells by any appropriate

er

aras IC S TEZVIN
earns. e m

Gene A gene is a nucleic acid which encodes a gene product, be-it a potypeptide or an
RNA gene product. As used herein, a gene includes at least the coding sequence which
.encodes the genie product; it may; optionally, include-ene or more regulatory Tegions
necessary for the transcription and/or franslation of the coding sequence.

“Gene Product A gene produet is typically a protein encoded by a gene “in the
convertional manner. -However, the term also encompasses non-polypepfide -gene
products, such as ribonucleic acids, which are encoded by the gene. '

Nucleic acid synthesis Nucleic acids may be synthesised according fo any avaitable
technique. In some embodiments, nucleic acid synthesis is automated. Moreover,
nucieic acids may be produced by biolegical replication, such as by cloning and
replication in bacterial or eukaryotic cells, according fo procedures known in the art.
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is used herein to signify conventional transfection, for example using
calcium phosphate, but also to include other techniques for transferring
nucleic acids into a cell, including 10 transformation. viral transduction,
electroporation and-the like. Modulation The term modulation is used to
signify an increase and/or decreaseg, in the parameter being modulated.
Thus, modulation of gene expression includes both increasing gene
expression and decreasing gene expression. 15 Integer This term refers

DE &QAQQI %4%5%‘“@8&@3 %ﬁ%&%&é’;%ﬁ%;ﬁé@mm@mf HRsponse to
“parameter IS the size of,%. t@%atpen Hée inte (—‘:‘cgnwullla SONEANE gene
ot e e PR AR IRE YRS Parameter, 20 Tdentifying tags associated with
awRe by MRSREdSIPITET ENDAR: JSpRas: “highare 6%%}%@6“&&%%{%%5&%‘39’“ a
ofieter Minngthesasl)-cUbBiA s s ofaleii teitkibsled hatieshenrdiean
H2RE1AG RemNERthaRRaeduRR of Saghresmprsingiha slegs of. (a)
measuring one or more parameters of each tag that-is used to label-the
cell unit; 25 (b) identifying each tag in tpe cell unit; and &é:%%%(selqgg ;pne
TraeRtRsian <ERIP AR RHE R ?ﬁ%éﬂ?&?ﬂ%ﬁ%ﬁé’[‘ fhe specific ce%
isCusitur beogin ditiimEyt condsidionaldrarsfastipnhies craBRlee SRR M ARFRHES
baspestidhrIas Alee praviged aonetistafar deteincitsgrioe oelf.cotudiag30
shisionseia selunidaheledendth @R Paraeie ilnes of tag comprising the
steps of: (a) obtaining the tags from the cell units in a form suitable for
analysis; (b) measuring one or more parameters of each tag that is, u%ed
Medaigiipa Bt iR, TOPRINARRMGedARFRE iA” RETESR BRHOS g;f&fe in e
peciredatingitive redntitpdof St tarpdyiatienchir IR GYRAPRE RTe iAASE fPRED
iSl-cHieseRslisisns indvhiebadne celleunipraasdoeen exposed. 35 21 The
parameter(s) may be the size of the tags and/or the optical properties of
the tags. Examples of the optical properties of the in t
RSB BT LTI AL Tha SRyt gl inB! 715
paravtienigtisy zael /e famdhaD e Steartd TEhRIRRTA MRS RifpesTic sizes within

the parametfer.

identifving-tags associated with one or more cell'units

in-one aspest, there is provided a method for determining the cell-culture history-of a cell
unit fabelled with more than one tag {eg. more than one type of tag) comprising the steps
of: {a) measuring.one or more parameters of each tag thatis used to label the cell unif;
{b) identifying each tag in the cell unit; and (c) correlating the identity of gach fag to the
identity of the cell unit and/ the specific cell culture conditions to-which the cell unit has

been exposead.

In a further aspect, there is also provided a method for determining the cell culture
history of a cell unit labelled with one or more types of tag comprising the steps of: (a)
obtaining the tags from the cell units in a form suitable for analysis; (b) measuring one of
more parameters of each tag that is used to label a cell unit; (c) identifying gach tag in
the cell unit; and (d) correlating the identity of each tag to the chronology and identity of
the cell culture conditions to which the cell unit has been exposed.
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The cell unit(s) to be analysed may be separated from a sample that may
contain many different cell units. The tags in a cell unit(s) of interest may
be isolated from the cell unit. In some 10 embodiments, this _is achieved
by enzymatic digestion and/or acid hydrolysis of the cell unit. In -some
embodiments, this is achieved usinﬁ the methods described herein.
Advantageously, in certain embodifments this results in destruction of the
cell unit but the tags are obtained intact. 15 In one embodimentof
thepresent inyention, one.or mqre different tags ;T;J

TR E2EER S MRy P n?lecsoizn ég? n%ed 5 %@%ﬁ?e%cﬁé%@%‘%% uér%ﬁﬁlt%g
Exampien sbifie epieRbaTPRSES tielePwitPh dorbrs: a‘B{SLﬁ:" % BabBifsE ol
refieseviliffexdnt(typeliobsctags poistel watehnstnse ardsodim éﬁ%ﬁﬁﬁeﬂ?@
il dasn framsppout 2 to about 40 different 20 (types of) tags per cell unit In
some embodiments there will be from about 2 to about 30 different (types

of E‘ﬁﬁs per cell unit, In some embodlme?m s there Wf” @gtfr{qom art?tgnlrj\t Zatr9
Thinerlt Wi G e YR PEGEREF RO TR M embodiments.
differentviébbei:om about 2 to about 10 different (types of) tags per cell

unit. 25 In some embodiments, there will be from about 5 to about 50 or

m&feﬁfﬁﬁfsrﬁe@mép& ﬁeeeﬁ%@elbyngbféemma exphedimentsintiens:
Lb?n!é%@ ?s‘%gt%co Ntoa @%Qﬁc eesﬁgﬁff-%m éwﬁgdmée% faerceﬁ"

n-"some em men ere-wi e from about 1

Wbre*ﬂlﬁ@i‘@nf’ﬂ%@??ﬁ? &8 Be?%lé‘ﬁ’ﬁ‘?ni’sl?lgsg'ﬁwg‘%%%S reﬁg:}llf% f %rFén
Avitebadeonsialio o 20 rabduess tb\*mtéwe@éwm@efsff@rmggﬁémé@ﬁ
Hlals gemedambodiments, there will be-from about 25 to about 50 or
more different (types of) tags per cell unit. In some embodiments, there

will be from about 30 to ab ut 5 .Or more differ Il
e R S e o S

mﬂ@@tﬁeﬁ@%%ﬂﬁg wr} FREERR B QISARRIS BRI B HIN S S e

will be from about 40 to about 50 or more different (types of) tags per cell
]S SeBReReeResl R Soih apow il tetsans edionidrd Sitieralidtyb B oy
QRGN (Yossolhiadn2aeRRcchilidd, SeieAB oMM Biferb e
pg that there wil be about 5% or ngo 2 Wﬂe{)eg %%bes (}f tags gp

%?ﬁﬁﬁ SRS B OB AR RS E S e Bl O rEE 60, B 70
difenerddiypep o tagnfperepf unit. In some embodiments there will be from aboui 2 to
about 20 different (types of) tags per celf unit. In some embodimients there wili 'be from
about 2 to about 10 different (types of) tags per cell unit.

In some embodiments, there will be from about 5 to about 50 or more different {types of)
tags per cell unit. In some embodiments; there will be from about 10 to about 50 or more
different (types of) tags per cell unit. in- some embodiments, there wili be from about 15
to about-50. or more different {fypes of) tags per cell unit. In some embodiments, there
will be from about 20 to about 50 or more different (types of} tags per cell unit. In some
embodiments, there will be-from about 25 to about 50 or more different (fypes of) tags
per cell unit. in some embodiments, there will be from about 30 to about 50 or more
different (types of) tags per celi unit. In some embodiments, there will be from about 35
to about 50 or more different (types of) tags per cell unit. In some embodiments, there
will be from about 40 to about 50 or more different (types of) tags per cell unit. In some
embodiments, there will be from about 45 fo about 50 or more different (types of) tags
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5 (types of) tags per cell unit. In some embodiments, there will be about
55, 60, 65, 70, 75 or even 80, 90, 100, 250, 500, 750, or 1000 or more
different (types of) tags per cell unit. Each of the parameters described
above may have a number of different integers. In some embodiments,
‘there are at least 2, 3, 4 or 5 different integers for each parameter. 10 _in
some embodiments, there are at 184st 10 different= integers for each
parameter. In some- embodiments there are at least 15 different integers

o tr%%aﬁg P S ot em?%%gt?&{)%gbﬁtemt 3L Iaask 20 diferent

for RA2H parame n some embodiments, there are at least 25
dﬁﬁéﬁéﬁtﬂﬁté’@é@?@?@%ﬁ?ﬁ%ﬁrameter In some embodiments, there are at
least 30 different integers-for each parameter. In some 15 embodiments,
iﬁ@%ﬁ%%@&tﬁéﬁ& IRcclifiarenkiniagssfospaohisanevetep drmsomfierent -
embc;ﬁ I %Qr?h%.ét"ﬁ. %ﬁ%&%@tn?uﬁe{%@rg\?gﬁaﬁmsa@nwm%r

e embodiments re eas | r
opaYamS? P o 0 gé%dlmzn s here §r%agﬁ é}sc? %esréeergtylerﬁgggrs
for each parameter. 20 in some embodiments, there. are -at- least 2
miiffese Bleppiametessiasmimbpbdramdy tifferentirhege sifercabigoers. In
PRARmgISthaomeembadimaents, thers araintlaasy@-diffesamt parameter.

.Pararg%tr%ooan C}%ee@%% %ﬁéﬂt 'ﬁ?ﬁ.ﬁ@%ﬂtﬁ%ﬁ@?&n&%%%ﬁaé% in

-eac Ameter.” In some em tt ere are. g&hzgraen hggg‘)g{gnt
Sﬁﬁ‘r%tﬁ‘f@t‘éjr'g‘%?ta EB88 <L AT §nct %rbérts Sreach para meter In some
prhisbidimenteethere atréeatﬂ@ast@etﬁtteté?ﬂ%rfafn%t@ts%ﬁa‘%’ or haree
ifleapninielagets sfor=askspzialifetent InesomerisbdinrnesrthéTeerne at
Jegshndifferrniraamalass sansndarlpessiiiereaidnipgarstor sackme

SIAmeter. 1 some emaogimenis, et 416 2last BRI v some
i et'e s ﬁde 30° S f

less different -integers for each parameter, In 30,

apdrnBodiFR e thérerhl JIRIERt B'GM5H Rt BAPAMERTS And 260
desediiftetentéricyerst ferdathdiaranidnagars @nﬁ@%ﬂ?@dﬁ%’nté“tﬁ@?@

MeRlHeast Rdiflarnt-pamstesstaneyd or lesh pifemert.integers for
each parameter. Each cell unit may contain more than one (eg. multiple)

tags of each s eC|es 3523 Advant usI , eggogngqgcpg than 5
3511?8%%8‘386’ ?Ffatﬂrlﬁéer‘t?r%e)?ct{ﬁ%%% rrérg[agr)l%l%ga%mples canbe
GfecatinRIcTHY RAFRPAENAIT, advantageous, since each sample may

in some embodiments, there are at least 2 different parameters and more than 5 and
less-than 50: different integers for each parameter.. In.seme embodiments,there are. at-
least 2 different parameters and 50 or less different integers for each parameter. in some
embodiments, there are at least 2 different parameters and 50 pr more different infegers
for each parameter. In-some embodiments; there are at least 2 different parameters
and-40 orless. different integers for each parameter. In some embodiments, there are at
least 2 different parameters and 30. or less different-integers for each parameter. In
some embodiments, there are at least 2 different parameters and 20 or less different
integers for each parameter. In some embodiments, there are at least 2 different

parameters and 10 or less different integers for each parameter.

Each cell unit may contain more than one (eg. muitiple) tags of each species.
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have many 'keg. hundreds) of different tags in it, thereby generating a
large amount of data. 5 For some embodiments of the present invention,
there is a maximum of 50 different tags. By way of example, using the
CML hydrophilic microbeads as described herein will typically result in
this number of microbeads. The C%L hydrophilic microbeads may be
used together with one or more microcarriers. In some embodiments, the
CML 10 hydrophilic microbeads are used together with a Cytopore

é icrocare %ﬂﬁe{ﬂ&?d&qﬂﬂs samplednavaldendifesantonstheycmayngll

same. The ta a iffer nt s |ze S ut
e i o o 0 eSS LA P g
o iy o § A e o S
damcrospheres - such as CML microspheres - and the diameters of such
microspheres may be between 1-10 pm, preferably about 1.9m, about

g s opba Yy g#és%@mnﬁbmzem a@sa%zmamwgs

or some embddiments, th eﬁe IS a maximum of 1000 differe
B8y B3Y- AR SERA RS SR RREC B a Bed hanowires striped-
rmausuesntammgmmwésuﬁw@aadéréhec%w r@%ﬂpmhﬂﬁwﬁﬁ*?ﬁ?éﬂzﬁytﬁas.
uIélﬁt&;%ﬁéﬂamwuse@ mrayhbe usiechtagethemvitmonerapotitsels, the CML

IO GANI R ShdDRS URS. SN RREIRBERIR. A Re RO WirRSRERBSed together

-W|t a Cultispber-G microcarrier. 25 In one embodiment, a particular tag
is correlated with a known cell. culture condltlon A cordlngl¥horgce the

ToeltagsitHae wewieIBBERIPHATEHRT A eng R B SaMFedh W™
iﬁwfesaafmd o mmpmm*ﬁt@tméﬁfmw %%tf%ﬁb ghattire
f lijong sthah h@éﬁg@\éﬁﬁr%&@v aparissdes vt mlwdafamﬂaresm-fsome
st various methods of i n va sucr
LAttt
r(ﬁmmvhﬁééli@@y.%#ﬁﬁ“ﬁ?{hléow H’EZUB@@W%C% ' RTCHS %ﬁ“é ahey

AUt B ganiedNTonec itate Zamerd atsuppRet by Media
Cybernetics may be used. 35 In one embodiment one or more image(s) of

gachiagin the cal Yatnhe el o oipeshameanB) wEyRialiibls
i d u'smg mlcroscedpy such as bri

using the rod-shaped nanowires striped with silver and gold as descrjbed hersin can
resulf in this number of fags. The said nanowires may be used. fogether with ang or
more mmicrocarriers. in some embodiments, the nanowires are used together with a

Cultispher-G microcarrier.

in one embodiment, a particular tag is comelated with a known cell culfure condition.
Accordingly, once the cell unit has been labelled with this tag and has been cultured in
tha corresponding conditions, it is possible fo to identify or selectthose culture conditions:

that have given rise to-a particular cell unit of interest.

VWhilst various methods of image analysis are available in the art, a combination of
Image Pro Plus imaging software by Media Cybernetics (www.mediacy.com), a Nikon
TE2000-S flusrescence microscope and an Evoluiion VF cooled monochrome camera,

supplied by Media Cybemetics may be used.

in one embodiment one or more image(s) of each tag in the cell unit in the field of
interest is measured. Typically, this may be achieved using microscopy — such as bright
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field microscopy, phase-contrast microscopy, oblique illumination
microscopy, dark field microscopy, differential interference contrast
microscopy, reflection contrast microscopy, varei contrast microscopy,
polarizing microscopy, interference microscopy and fluorescence
microscopy. Suitably, outlines may l:‘)ie drawn for the one or more image(s)
5 of each tag in the cell unit in the ﬁeld of interest and/or one or more
fluorescence image(s) of each tag in the cell unit in the field of interest is
asured. The, fluoroph J [ , d
R DR et i oSy i%@‘#%ﬁ@@“%%’?? e
RS SRR B URTETeE0R AR AR UFRFPRATEI TR USRI S
Vg r ophoest Ny bl (e R SATREPRN rdigdYsey RS RY1Gne
fliersassraacibiensityd aatheactirdisferante ange fsr discreter Inosoimage(s)
‘?r.@cb‘_'&{j IERSndNR TANORS ReHRITER Y8 U s fop thete M@siRdBence
brighiness. In some, embodiments dhe fapges mAL ek PhaNeUica
SRR BrREre PR AT eSS Mn Some Ambodiments. the ranges may
YT BB G BCU oI i iY’?‘BHbf?fn?gsf.lﬂ?{"s%?ﬁge‘e%'ﬂ@aﬁ‘héhrﬁs,
fiheoptnge s seeptdiffenbirabowp ZeoskieD SOV SiatTe RehaghiTRss: Ihhes
SRmeenbadismpis. Hig-rengenmay difiersbyisbant 2nbed Ged Otnges of
f?n%%%égr'ge%gagﬁg) i PrshBpsR-PriR dieoulipesdardhgsanp.as tere
oade

image(s) are onto the gne or more. -fluoresgence im .
SRS AT P eRkR A oA B S DL, s RS Aty

hebofinraitat Mayod ireksHd aTaERENPITRSSholR THREIETRAM!S:
tabehilgestags; Higeah iagatinuthe dell40aitaay bedde tifisdhneseadingsties
QNG QR CHRANRR IR, ﬁ%?}f@%ﬂm preacandipr-aphsalidengityesaf th?p
tag within the one or more ines..T y e e
R R A R M TN
ejsinBFEscent microscope equipped with filter sets for visualization of the
fluorophores - such as TRLTC, DAN (UV2), GFP-B (all from-Nikon) and
SybHGhremnasdecbnelegy): tnages mayele saptared ansirtheasneEvohsion
NE:5098d MORecIama. CAMEROLsIRRg enRRRySISRATY Med usingit
A0S O i i fom Megla (Cubemplissinald dheioulines absinle
ic og%ﬁé)ﬁé%%re ty WYca y captured using microscopy methods and the
asaariiag. ihBerbmml AR P TSIt St SRS RIS A SRR S8 TS RS ies

indhes the area and/or optical density - of the tag within the one er more outlines.

Thus, by way of example, tags may be analysed. by microscapy-using-a-Nikon TE2000-S
inverted epifiuorescent -microscope equipped with filter sets for visualization of the
fluoropho‘res — such as TRITC, DAP! (UV2), GFP-B (all from Niken) and Cy5 (Chroma
Technology). lmages may be captured .using an Evolution VF cesled monochrome

camera and _image analysis performed using Image Pro Plus (bethr from Media

Cybernetics),

The outlines of single microspheres are typically captured using microscopy methods
and the areas within these calculated o size the tags. The flucrescence intensities in the
different channels may be used fo further specify the identity of each tag by comparison
to reference samples containing known tags.
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different channels may be used to further specify the identity of each tag
by comparison to reference samples containing known tags. 35 25
Suitably, the microscopy methods is selected fro the group consisting of
bright field microscopy, phase-contrast microscopy, oblique illumination
microscopy, dark field microscopy, differential interference contrast
microscopy, reflection contrast microscopy, varel contrast microscopy,
polarizing microscopy, interference microscopy and 5 fluorescence

@\L%%ﬁﬁqw-mf%g&)%%%e?tﬁ%@qgsseWﬂaaasiﬁmgrmmrﬁaidr.gld
MmICIroscopy. 10N e data tha (0] ILrl]l : [ S

R A G oot e s AORAlY RER68s ca
ieRsrRRSPBY. HierRNta! & e S RERRS RS WARHTEH S Cd GRRCHT e iC IS BEen
erpbsethimiie tisteseniye dooializingtagémessiipvihidisriscess mugjasecpy and

autessaiash thieredypgllowing a large amount of data to be rapidly
processed. Advantageously,, the process utilises software that counts the

number of each type of tag 15 angd then oufputs this data in the form of a
12E7% & %%%"Bernai%é‘?ﬁwg\t}%%% e%%'é@i’ %{5 %@@%ﬁ?fﬁ% inputted into a
spreadsheet for high throughput analysis. 20 In one aspect the method-of
antitysily thisiatathet srpiabed adirSegtepestebmiparinterestipisefearrped
hewar s Rial 1838 eRe-RAMMAtEHE R Erwitthie BRaions to which a
'&L%%gﬁﬁ’é‘%%ﬂ%ﬁ%ﬁ%@%@@&&%@@@%&%?hﬁa@ﬂmﬁ&ﬂ& this process

bodi t t tion, th d lower limit
B PERPO U B BB A TS U VRS o BRI PG FSibrence

tags of the same-species. If the lower limit is less than the mean 25
MeastEBeNt, anchtbedsppitycimndfisanadiu cthats thenometzn oheaduyemdrieg

thenihednsthodscRmpARSIeHBmsT 208 awes imits of a second

parameter of a tag with the mean measurement of- the second
-parameter of -the tag. If the lower limit- of- the second parameter is less

eSS HiR A8t AR TOPRHETD A anTefEraaAE B Gh uithiP T RHE

gosysd parameter is higher than the mean measurement of that
parameter then the 30 -method compares one or more further parameters

rlﬁlgxtziélgst&@glﬂ'}@(%e%@g &fa%%?ysﬁﬁr[ﬁ§ﬂgﬁcu&gd?§é§@ ﬁtt&rstep of comparing. the-
upper and Tower limits of at least one parameter of a tag with the mean measurement of
the at least one parameter of thertag, In one embodiment of the present inveniion, the
upper and lower limits of any parameter are obiained or obtainable by analysing a
plurality of reference tags of the same-species. If the lower limit is less than the mean
measurement and the upper limit is higher than the mean measurement then the method
compares the upper and lower limits of a second parameter of a tag with the mean
megsuremernt of the second parameter of the tag. If the lower limit- of- the second
parameter is less than the mean measurement fer that parameter and the upper limit of
the second parameter is higher than the mean measurement of that parameter then the

-method compares one or more further paramsters relative to a lower limit of the

corresponding parameter.

If at any point the mean measurement of any parameter does not fail between the upper
and lowsr limits determined for that parameter then the method compares that mean
measurement relative to a second range comprising different limits for that same

parameter,
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If at any point the mean measurement of any parameter does not fall
between the upper and lower limits determined for that parameter then
the method compares that mean 35 measurement relative to a second
range comprising different limits for that same parameter. 26 In one
aspect, there is provided a method,for determining the chronology and
identity of the cell culture conditions to which a cell unit has been
exposed comprising the step of: comparing the upper and lower limits of
at least one parameter of a tag with the mean 5 measurement of the.at

Ieastone rameteroft
B BTG LB ﬁ?ﬁ‘&% roﬁo%cf%ry%ﬁ% Sﬁ%tﬁﬁﬁ%%@féﬁa et o

*@o?ﬁéhﬁb‘ﬁ%%%ﬁi&‘i‘sa* t:rnFt FRiBL “5)?“35?58086%196 RAE 2R or:
clajpeongpiasinpptiteup peeaktitoviel IrertosT a%q@a%%ﬁ%a&asafrﬁ%fa? Batag

kit themean: measHegmantef thenatdeast one parameter of the tag;
(b) comparing- the mean measurement for the at least one parameter

of-the-.tag with the lowest limit for th n rameter |
I A o PR T TR RYF S Ach em? %1 aﬁt'%ﬁg:t%a%ﬁngét%@o%

idenjitwieh tieecricttiteopapdtiens *&s@@&f&?e%ﬁm‘fﬂtti‘@ GERURATPOTE RogIRESIng
sesabodistaa);ditiperioyvbe Linperistie ksvendimith ofraidesrrrea saiengien chathe
HRREL Higait ishighendhan-dheamean ihepadresnent themghi) onephda the

n;'s:ﬁo m %%%%rgﬁ%}{ﬂg,e {hgggieQW&{elm%Q{e@e?%@% W%%@EQ&%I@Q’ with
€ mean measurement of the s con%g of the faigth otriexsgng‘gle
e

aerh Pe PR ALt PR B 00 ¥ S sea et 8

con Eﬁ]ﬁrameter may%et e
rieremality o Hetad witfie ieairidhoten peensiemuBHIbREAL Withe lower limit
of the second parameter is less than the mean measurement for that

RarRmeRLANS dhenrBRE iRt fidbersarontnranansataritdtighenhdhapsthe

meas rement of that t t
et e ?ﬁﬁpfﬁ'ifggﬁgﬁ

Ioyalimdter! EQ?FPBQQ%?H}?&H|?ﬁ8ﬁ?9|f”mbth8\ﬁéeraﬁrﬁ}??§uﬁ% Fiess--
meswien eh s eagenf enekamelentba ith SASIERIEHAY Pofies3thél? (AN

Jhersnaendnmié themtheryoperaothlaveedimits of at least one
further-integer of the-same parameter of the tag is measured. By way of

In one embodiment, if the lower limit of the second parameter is Jess than the mean
measurement for that parameter and the upper-limit of the-second parameter is higher
than the mean measurement of that parameter then the method compares one or more

further parameters telative to a lower fimit of the-corresponding parameter.

In one embodiment, if the lower limit is not less-than the mean meastrement and the
mean-measurements not less then than the upper limit them the upper and lower limits
of at least one further-integer of the-same parameter ef the tag is measured. By way of
example, the further infeger may inciude, but is not limited to a different size, a different
fiuorophore or a different range of flucrescence intensity. Accordingly, the parameter for
each of these integers will be size, type of fluorophore and intensity of fluorescence,

respectively.

in one embodiment, if the lower fimit is less than the mean measurement and the mean
measurement is less then than the upper limit then the at least one further parameter for



10

15

25

30

35

example, the further integer may include, but is not limited to a different
size, a different 30 fluorophore or a different range of fluorescence
intensity. Accordingly, the parameter for each of these integers will be

size, type of fluorophore and intensity of fluorescence, respectively. In

one embodiment, if the lower limit i? ess than the mean measurement
and the mean 35 measurement is less then than the upper limit then the
at least one further parameter for 27 the tag is measured - such as the

%ie% %8%%98% L]:L%g rophare. andior leyel gfifluergRhosrRh e @eubopRSe of
em m

ent, iIf the mean measurement for the at least one parameter of
?P?et%ﬁg is 5 greater than the lowest limit for at least one parameter of the
tag, then the result is correlated with one or more tags that possess the

Pl OERbotenpaT aimetersin merseremdpd finterat akiora earemaizist tepients
]&%a‘i%{e tﬂéhﬁe{ﬂétlmmﬁﬁwtstr @ééh@r@%d&rﬁ&b@éﬁﬂi@ﬁébﬁﬂéfﬂ&k@%&! is
Imit for the one or mor I , result 10 s
%%'lc?@ éafje\ﬁﬁ\r/]vﬁ e e?rt glénrﬁ% %&%&%&%&éﬁh@&&a& ﬁ@%‘b%

ss the parameter. In one embodiment, If
the lower limit is not less than the mean measurement and the mean
Imeas ardmiNeis it osanespemmert e plinRiRIetRE A A Sl BRdag s
furtheshaameenibenthetppenandrioweatmiteofdtie st Gre furtieett

InsgerakihesAnandSnarneiepitaatag is measured. In one

embodiment,-the method-maybe repeated for one or more further integers
of the same parameter of the tag In another embodiment, the methogj
inapevehsEeshdalonit ATt garE3t (RD B BBa ARTEHE ST I %G °
20@dn oeesemthodiment, iifsthihdovieariithit ipresdridartie fidgpst one further
RSASLEPIRERRNGHIRE MEAsWENRARSIEEERRIS tesdittten ttagths tppeme

Iirg,.g nj;gfepg)?tgé {S@EW&%J%@T‘” parameter and the mean measurement for
e at least one parameter of the tag is greater than the lowest limit for at

least one parameter of the tag, then the result is. correlated with one or

peonecratedieeniaisoasBee Ty BRESBRGE 8 PaRRh BRSPS yeoers of the
eskoglirment:fithe lawen bnithis estotfaerthbamesdnrdroas aremenEaneatie
m@nn@ﬁwﬂg@%ggﬁgﬁé@@mgmag}e upper limit for the at least
onefurther_parameter-and

In one embodiment, if the lower limit is less than the mean measurement and the mean
measurement is fess then than the upper Himit for the at least one further parameter and
the mean measurement for the at least one parameter of the tag is greater than the
lowest limit for at least one parameter of the tag, then the result is. correlated-with one or

more tags that possess the one or more parameters.

in one embodiment, if the lower limit is less thanthe mean measurement and the mean.
measurementis less then than the upper fimit for the af least onefurther_parameter and
the mean measurement for the at least one parameter of the tag is not greater than the
lowest limit for the one or more parameters of the tag, then-the result is correlated with a

tag that possess the parameter.

in one embodiment, if the measurement of the at least one paramster of the tag cannot
be correlated with the identity of the tag associated with the celf unit, then the method

may comprises the additional steps of, for example, examining fluorophores serially,
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the mean measurement for the at least one parameter of the tag is not
greater than the 30 lowest limit for the one or more parameters of the tag,
then-the result is correlated with a tag that possess the parameter. In one
~embodiment, if the measurement of the at least one parameter of the tag
cannot be correlated with the ideng'gy of the tag associated with the cell
unit, then the method 35 may comprises the additional steps of, for
example, examining fluorophores serially, 28 such that the final 'No'
<SiBGisiPRs Famwilgrenirinipirggatehadiumphores phons fafudbeor
relevant size tag, Suitably, the methods described herein are performed
h5dRE BNE 37 Ribre of the 5 complexes described herein. In a further
aspect, there is provided a method for identifying one or more area and/or
sdextdjtytval ueshols adtagribon prisingatise raEpEed. (a)DIBNRIgYNR O Hi6re
cHMpEgss Abscriag Hepdids used to label a cell unit; (b) drawing outlines for the
one or more images of the 10 tag; (c) loading the outlines for the one or
more images of the tag; and (d) reading the area an I ithin. the
R A e R Sl
dimiyeralBeTener A RIBR TR RfERTi T SRR RRH S BR P T 881 it
tShatiready desoslkasinldy &) viieinh andtiesfoldhg emanpers igreet hfies,
dheiidenily ransienastbouluie histaske (Iasgsaanple taezckranotaginatie
oADe LIRS B2 SRS LT gUiiggandiions that any one group- or

unitmay have’been exposed to) can become -20 confused. For instance,

the split-pool protocol. of cell culture necessarily involves mixing cell units
lirpeaehiredmentriisikdneph aHficaR R FSRERPETdividual units. Determining the
cell culture history of a- cell unit in a mixture- of cell units, which. have

eSSBS IR0 NEiNe CiliHR.eO PP 1 iBcsmatimes referred to as

econvolution™ of the cell culture history. 25 One method of determining
the cell culture history of a cell. unit in a mixture of cell units, is to, label

Asciirenity; dasarivdd apreperuherRAng AR tEnaBR e LN g Adentity
SAeseibedieraisiotags esuutiedbs ctrsimigedphiitctsct mAEIcIE a$s Ridor
JHGOSRREESS MY RS one group or unit may have been exposed to) can become

confused. Forinstance, the split-pool protocol of cell culture necessarily involves mixing

cell units in each round,-making it difficult 1o follow individual units. Determining the cell
culture history of a cell unit In a2 mixture of cell units, which have besn subjecied 1o
multiple culture conditions, is sometimes referred to as ‘deconvolution’ of the cell culiure

history.

One method of determining the cell culiure history of a cell. unit in a mixture of cell units,
is to label cell units and it is therefore advantageous-to label the cellunits. As Qescribed
herein, tags — such as rod-shaped particles, microbeads andfor microspheres may be
used as labels or tags which are conjugated fo a microcarrier — such as a cell-associated
microcarrier. Subsequent detection and identification provides for a record of the
chronoiogy and identity of the cell culture conditions to which the cell unit has been

exposed.

Wicrocarriers
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used as labels or tags which are conjugated to a microcarrier - such as a
cell-associated 30 microcarrier. Subsequent detection and identification
provides for a record of the- chronology and identity of the cell culture
conditions to which the cell unit has been exposed. Microcarriers 35 29
A variety of microcarriers are availabjg, ranging in shape and size and
made of different materials. By way of example, the microcarrier may be
a porous microcarrier selected from the 5 group consisting of Cytopore
TRiCEACRISTOR IR afisHY 10D ORRIbPHCFOGARE G MR OB MUGEQGAHS DNt
a.Gultispher microcamer, a Cultispher-G microcarrier, a Cultispher-GL
microcarrier and a Cultispher-S microcarrier, an Informatrix microcarrier, a
Microsphere microcarrier, a Siren microcarrier, and a Microporous MC
RYCrEYafTieraTpleB {PovBCErATith drnkmThROreHe Mifcpowdniceatiar iem the
sohichrmosatagrid ICyiepols ascerc@yito dax artigtauas iem@ocariedos exidpors 2
GydRRexOr CHNEIONR3 MISIRSRIICE BURIBELAR MISHRSARICE aRiQalass.
'HESF&%%}%@ Fé&%p'”ar Cnr1 & crzgr%ro [aﬁ‘ ilr%gn%g{nsXB rlrcI:I%rc?alg %@flgrﬂﬂi ospher
Microcarrier cu?ture, as significant advantages, inc ucfmg € -scale-up or
QREE LRSS HRIG NS BfiR SRR SRR ES selected
culture conditions as required in order to obtain the desired growth and/or
differanbidioiheecanditipp s thEheisusiate relr the: NiGRoeRFERERBIAY 436h as a

foythanmRtilisgihy QN sisRRk qh@}%@k FEARPRBL SHRbsa5iBY SORIASH
ey ckoos:loing ol moleeuar fnilies uih 8. ZRdealet CralgR
Other aesitéd charactenisae. T abroad emgoalmen?, fheretore, e )

invention-provides a methodfor culturing cells in vitro, comprising growing
ddipdbcatierauitere dao tigeifmiot ccambgennnpledies tesexrlbag bicreinredbamd
QRS ARNECHItNEr Selfs By OVISRER CRBAIRIE AIDASIBABIRHREAIIES ANFlder

% sharoed dedr-Nedativainshargedi-1ag Hin aagL words, there-is provided

a microcarrier conjugated or labelled with a charged (eg._negatively

charged)rnicrosphere.
The surfaces of the microcarriers may be further modified by physical or -chemical

treatments, such-as adsorplion or covalent cross-finking of molecular entities with a
desired charge or ofher desired characteristic.

In a broad embodiment, therefore, the invention_provides a method for culturing cells in
vifro, comprising growing said celis adhered to the microcamier complexes described

herein.
In ore aspect, there-is provided a complex comprising a microcarrier and a.charged (eg.
negatively- charged). tag. -n other werds, there_is provided a microcarrier conjugated or

labelled with a charged (eg-negatively charged) mierosphere.

In & further aspect, there is provided a microcarmier and a rod-shaped tag. In other
words, there is provided a microcarrier conjugated or labelled with a rod-shaped tag.

Cultispher microcarriers

CultiSpher is manufactured from pharmaceutical grade porcine gelatin via a process
which vields a highly cross-linked gelatin matrbx with high mechanical and thermal
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30 In a further aspect, there is provided a microcarrier and a rod-shaped
tag. In other words, there is provided a microcarrier conjugated or
labelled with a rod-shaped tag. Cultspher microcarriers 35 CultiSpher is
manufactured from pharmaceutical grade porcine gelatin via a process
which yields a highly cross-linked gelatin matrix with high mechanical and
thermal 30 stability. When used in cell cultures, cells can attach to both
the external and the internal surfaces of the matrix. The increased

§%ﬁﬂ§,‘? ea b e matixipdetbry WithdDe (IS OB SHERS internal
afforded to the cells uéhthe mtencg Sog#ge matrlxp%gults n_enhanc

nhanced. cell

SrEaTEBN LB SaHitie Y AR Aefitiofal acvantage oF the produc _|srtﬁ'g§ the
grafetior damberanssafiededilh Pro@diyfit BRZIREY ras fifngingsults n
baruesiing:bfoellstivithasdbiitet. FOOMdiietall ylvintagrect (b oditneris, tthabthe
e o s ok o 1213k diy. & denany o1 104

am - pm, a volume of 12-18 mVg dry, a density of 1.
a%r?ﬂsﬁaéﬁl aggr%t)z'iverage pore diameter of 20 pm. In order to prepare and
use Cultispher-G microcarriers, reference can be made to inter elia
BiotectmiBidimagt. (200yreRmeps g- CotiserSS Oigeeyigufpiiseren s has a
ParBiSEanéhn 96) 3eu3da nen aanufac bi rer Suwaipsite, atwenaitpei ¢ 4. gén! 1Eh

GYIQRQIR ZMIGLOLAHISE Seyippore microcarriers are available from GE
Healthcare (previously Amersham) (vcww.microcarriers.com). Cytopore is

made of 100% cellulose, which is non-toxic to--the 20 cells and .
IpipdeyiaEEREe A€ PRRSHVEDERS GEIORTE R FRIERNRE SR AR IRRRIS SR
gio UBiststthh &ipangeri@ieicie partRiE0sBé distiiboamsn Simdla Retivork 8-S82
slogeiusRd themaligaahardaessaseavonpasigitsnaterial is. more than 95 to
1. The network structure enables stained cells to be closely observed
while theg/ row inside t_he microcarriers._The typical particle diameter is
fe@%_b’?ﬁf%‘ﬁﬂ "gftective surface-area is 1.1 m2/g dry. The relative 25
density is 1.03 g/ml, the average diameter of pore openings is 30 pm and
ihgopote nmeicisad@rn g deyaifiblordemtoq epeathcarsd (pseviGyriy pbrersham)
migecariersisaleranCce bRl i e aia Anpbies) Misrobistagyanshe
%!e%egrbcp %%8%:@252092) Iﬂs %&%ﬁé@%&)@%‘? %0{9 A¥e N, N;-disthytaminoetiwl
groups. It has a very precise particie size distribution and a network structure, the ratid
of surface area to particle material is. more than 85 to 1. The network structure enables
stained cells to be closely observed while they grow inside the microcarriers. The {ypical
particie diameter is 200-280-um and effective surface area is 1.1 m2/g dry. The relative
density is 1.03 g/ml, the average diameter of pore openings is 30 um and the volume is
40 /g dry. In order to prepare-and use Cylopere microcarriers reference is made to
inter alia Applied Microbiclogy and -Biotechnology. (1997) 47, 4 p352-7; Cyfofechnoiogy
(1909) 30 p143-147; Chinese Journal of Biotechnology (1999) 15, 4 p239-44 and Acta
Oto-Laryngologica (2002) 122, 5 p541-5.

Cytopore 2 has been opfimised for anchorage-dependent cells requiring a charge
density around 1.8 meg/g.

In some embodiments, the microcarder is a porcine gelatin microcarrier.

In some embodimerts, the microcartier is made of 100% celiulose.
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(1999) 30 p143:147; Chinese Journal of Biotechnology (1999)' 15, 4
p239-44 and Acta Oto-Laryngologica (2002) 122, 5 p541-5. 30 Cytopore
2 has been optimised for anchorage-dependent cells requiring a charge
density around 1.8 meglg. In some embodiments, the microcarrier is a
porcine gelatin microcarrier. 35 In sgme embodiments, the microcarrier is
made of 100% cellulose. 31 Advantageously, microcarriers with a strong
positive charge are optimal with tags carrying a strong negative charge. 5
Tags As described above, tags may be used as labels or tags which are

%Oﬂﬁ%k%‘dsﬁ? AniBICEALALI IRl SUSPA %ﬁlb@%‘ﬁeget%ﬁe%%ﬁmw tags
”%ﬁgml&h S‘i&% n h%pd identification provides for an unambiguous
record of the'c ofo and identity of the 10 cell-culture conditions to

hlgh the cell unit has been exposed. Various molecular or
omoiecular tags may be used in combination with the microcarriers
so long as they can be detected. The tags typically comprise uniquely
Shajsedibrdiotijects tage difeydowitis suh auk Inigrss andifays cohatirack esriligsted to a
rHEOERRRRNL REUNROLEISsIBRRR ambadingnt t@@oée&%mh@?e@ﬁ&ugrﬁ&i
%%@tﬁﬁlb%ol&@mygxpm%f%:%{% r&%@ferﬂ?ﬂlé/canl Q} tlgé ?nc{ identity of the

oIIowm%(ﬂ%ualltles y are small In size rela

?ﬁ‘é‘f%“é 8?5?%‘@5”&1@5'5%78?§Pﬁmﬁ9%n the mean pore

size-&-a porous microcarrier; ii. They are capable of forming a complex
Vidtlpih emviigrdsanriensucindeatisinding mersistassbrougbeuintien with the

ﬁmﬁtﬂe@tmgngtoay?mﬂfa\ tﬁgllﬁéi@?e%%ﬁ%o%?%t%@ cmk%%npmsag; '
e cell unlts; | ey are se aple rrom ce
&45'38&‘ %ﬁ %% !%1% h]n % Y%h ch oured g% or Al Igﬁca%

units wit they ave mplex Under-"€ondftions W
IR the unique qualities of the tags iv. They are made of one or
more inert substances which. do not substanfalfy-affect

In one embodiment the tags which are used to label cell units have one or more

(preferably all) of the foliowing. qualities:

I. They are small in size relative to the microcarrier they are labelling.-and/or smalfer
{han the mean pore size-of-a porous microcarrier;

ii. They are capable of ferming a complex with the microcarrier such that binding
persists” throughout the experiment and so unbound tags can-be separated from
the complex without affecting the labelled cell units:

fil. They are separable from cell units with which they have formed a complex under
conditions which do not perturb the unique qualifies of the tags

iv. They are made of one or more Toert substances which- de- not substantially affect
ihe biology of the cell unit and which inturn is_not affected by-the-celi:units-or their
biology;

v. They are obtainable in large numbers and moreover in many related but distinct
variants which are easily distinguishable using an appropriate technique;

vi. They are distinguished by a method which is convenient, highly reliable and which
can be automated.

in one embodiment, the tag is a microsphere - such as a fluorescent andfor coloured

microsphere.
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the biology of the cell unit and which inaum is-not affected
-by-tbe-celi-units--or their biology; 30 v. They are obtainable in large
numbers and moreover in many related but distinct variants which are
easily distinguishable using an appropriate technique; vi. They are
distinguished by a method which ig.gonvenient, highly reliable and which
can be automated. 35 In one embodiment, the tag is a microsphere - such
as a fluorescent and/or coloured microsphere. 32 More than 2000

Wéﬁe%%@t%aﬂﬁ%%fé}@ﬁ@mﬂé&ﬁ@%?@mﬁwspﬁﬁg@@s@ﬂbﬂméma'bn,
recipitation etc, and comprised.o Marpoiviners
PE%B‘]%I%%? %8?)’}1 r:serc}‘I rﬁ)a?)(fjsrtsgﬁﬁg Y 8&?m8£?%5&%|¥%}§,§ep iy

mers and/orsilica etc. are available’in ??v rle%‘[%fi
asidlessifiensitics QYRIaRS & 18P S AhprRES AP EIE S rftific Cotporation
fiRRlDUAR S dBAGT SApoaBanfelbabibr didridiSHcor 5 BRISHSraREPgR \n&
(ERARFAQQ. type.of microsphere is the Polystyrene (PS) and
styrene/divinylbenzene copolymer (S/DVB) microsphere. Other polymers

include polymethylmethacrylate ( A inyltoluene. (RVY.Ix
Psl?ﬁ@ﬁl?fb@fﬁ%li%fn@‘@%??%%l%/ﬁrﬁegrfwﬁ s‘%ﬁx‘rge%%’biﬁ@%ﬁé’\% %YRP%E"ZG”E
coppipiyenefSINERy mitrasaremiiHeh HETHEEEN MR SRS G farviate
(nakaace byaaibmylsgeoupsPaR.in theyertbutdiensphef8)or byrapime
Sﬁw&g’%{g@gﬂgr REFPgeN:SRARINGeaMRIUNLselikeiptsassssecondary,
(G, suaicmary gl AT, Mowal G BiRRS AT pysings.
WA BREr ditemative “coupling reactions}g]) the COOH beads, 15 . .«
fenstiakzam @rRikPEEpAvIE TS FRTPSHRC! TiFospHere. o1&’ stitably the
quitsosphelichisicaspiipstyrematiniereispherad IMGEINesitbigh piier altemative
BisRgRhRIRS B Butatsimediied microsphere such- as a carboxylate
-modified (CML) microsphere from Duke Scientific Corporation (Palo Alto

Sl 28 10 one emBadiment. Q08 QLMois (MlbleRspisEesare s
UiehiYe KEEGEEPWith She‘or more cytopore 2 microcarriers. -
a polystyrene microsphere. Most suitably, the. microsphere I1s a surface-modifled
microsphere such as a carboxylate modified (CML) microsphere from Duke Scientific

Corporation (Palo Alto CA, USA).

in one embodiment, one or more CRIL micrespheres are complexed together with one or

mote cytopore 2 microcastiers.

CML. microspheres have a highly charged surface Jayer of carboxyl-groups derived from
a copolymerisation process. The surface is somewhat porous and relatively hydrophitic,
but retains overall hydrophobic-properties. The charge density of these parlicles ranges.
from about 10-125 A% per cafboxyl group, and they are stable to high concentrations -of
electrolytes (up io 1M univaient salt). The CML latex will adsorb proteins and other
hiomolecules, but much less strongly than hydrophobic microspheres.

In some embodiments, conjugates of microspheres and profeins, e.g. streptavidin are

prepared.

For example, conjugates with CML microspheres may be prepared as follows. CML
microspheres may be activated using a waler soluble carbodiimide reagent that makes
the carboxyl groups reactive with primary amines on the proteins to be coupled. A 50
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-CML microspheres have a highly charged surface-Payer
of-carboxyl-groups derived from 25 a copolymerisation process. The
surface is somewhat porous and relatively hydrophilic, but retains overall
hydrophobic properties. The charge density of these particles ranges-
from about 10-1-25 AZ-per carbo% group, and they-are stable to high
concentrations-of electrolytes (up to 4M univalent salt). The CML latex
will adsorb proteins and other biomolecules, but much less strongly than
merggggﬁgicb%?s&he&ﬁs.ég I%s%gag@_bodimm, canidgates op-[N-
microspheres and proteins, e.g. streptayidi . :
GBI LSS A ot e st B U,
thmicrasiohebetemay BecarsrrardanusindCa TokRer sotuble SotifrRaEe" ©
rigRgeRdbas makesdthetbarbactiphgrotes RRECTPRIMAIRTBIGIN SBREPRITRSBN
B BLIRIRR SRehe %é@rﬂgﬂn&g%é’é’remdf&@m@ﬁmﬁ;w o eS)
prepared. Sodium acetate of 2-[N- mar. (MBS
ragre tﬁmf?ﬁﬁg"ﬁfﬁg@ r?'ﬂ‘égeﬁ FOtEM 1S %sm%ﬁ%q%&@ctigr%ﬁ%ﬁ iat a

dwiegemiatieRRsDabediTe. ERA%)IERNESEn LR oF REREDored e

 irFepREedl in taewasatiendoufiel EONS seltiicDHoreTHossRIton 18°ReRsn 1s

H0LNMES FUGIOSRRRY PeabiRpEnRion isipeepared. and theiiniktiNNalbivethto
incubate. at, rogm te | IBUIGS 2 A\SHYHO L6 LOp ke 52
i 5?/rﬁL?%libi?%%%’-?%?%—%ﬂiﬁg%%noﬁg%%yi)carbodiImide (‘gri;ic:) in
UHERs RGPS R SR 28T mmediately. A calculated amount
of EDAC solution to the microsphere suspension is added and the pH of
ABe.reRction NoNU R st erriegdedcanbitioBailidNa@HRUF frmdsmisteie
IS incubate onfe

fious . COIOTS . _59%&‘&,%&{"é@&WD@MOB%&QU@M%rWW&Qr e.
Eﬁn‘f)aour]d rotein 12 remoyeg d %Oreqsérllnsg%@gﬁolagmﬁé (red green) and
PSR SRR, TCHESSRY ?ﬁg?rmlg%@sp eres can be obtained jn varjous
Vipimatsizesu 6. ab Yarpul 4610rs! g DBRTE/ e gr8EnT JeliBiv M bidck),
naargustiorophores (eg. 15 Fluorescein (green), Fluorescein (red) or
Fluorescein and Rhodamine (red green) and various sizes (eg. 5.4 m
1.14 x 1010 beadstgram), and 7.6- m.( VO BG Xh one or
rf‘-%af‘b%‘}cr’ﬁ?&%é% %‘F}Xs ?n%&g%ag%&é’éa%g?“ (saﬁei:h that tﬁi%/@?é-loaded
With \G¥idlegives and/or fluorephores.

in one embodiment, tags — such as micrespheres — are not coaled with profeins.

Advantageously, CML microspheres not coated with proteins-(eg. streptavidin)-are highly
negatively charged and they adhere exiremely tightly to Cytopore microcarriers, which

"carry a high positive charge. The ratio of CML mim’osphére(s}: Cytopore microcarrier(s)

required ta give bulk complexes may be as low as about 1:1. In previous-systems that
the presert inventors have used a ratio of about 1:250-was reguired in order o obtairy

even a few bound fags in each complex after multiple washes.

By varying various parameters in the sabrication process, commercial microsphere
providers - such as Bangs Laboratories - can manufacture bead sets which can be
distinguished based on differing sizes (e.g. bead sets of 4.4um and 5.5um diameter).
Beads within each size group can be furthermore distinguished from each other based
on differing fluorescence intensity owing to differential loading with a single fluorescent
dye. It is possible to use many different dyes with different absorption or emission
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20 more visible dyes and/or fluorophores. | n one embodiment, tags -
such. as microspheres -are-not coated with proteins. Advantageously,
CML microspheres not coated with proteins-(eg. streptavldin)-are highly
25 negatively charged and they adhere extremely tightly to Cytopore
microcarriers, which carry a high pogjtive charge. The ratio of CML
microsphere(s): Cytopore microcarrier(s) required to give bulk complexes
may be as low as about 1:1. In previous-systems that the present
heentarstbavevhisad @ratie oftabbed 1R SBawascecuiiad idstaBsdo piain
er Ak ?%ﬁf%';%‘?*‘i*%%%é‘é%?wmé Sy e
i u [ [
R B R R S ey
HLERRRIER Sl HEP RGN B e e RS @ e
settienird Bad)anides (8o fdizrart drproBeerd Sharichineea dlifaize beodlpicsn He7,
furthermepreadistinguishetfeas) aagbraaeslasgbBaRLEIERIIBRY cary (5
HHIERAROGRLIAENSII Qg I MIRerdALIaRAIBG D ASINAIE TR e may

luorescent dye. It is possible to use many different dyes with different
a%g%rptlon or emission 34 characteristics, which can be attached to the
microcarriers described herein. Accordingly, Tag diversity may result from
Viesngrtdgpsize wad lordfitsot tphaledsiaidiiigréiet dasbintensity) aaador such
HIpPRATE AfeNEly ombinations:; b RasigyIRK ﬂp@ﬂcﬂwaﬁﬁxtmmﬁmun-

{ﬁQTBAtﬁef[EéP‘(i‘BQf QH @0'&9{3 %Q@e&x%g)q‘bp %/%éax ] IO ded]\}l}élth éhe

her UV2 5 or Star or eac uoreﬁa){ﬂ ore ere are

‘aﬁf’e‘? THEDEXF R §m505,03 518 )50?,5'5%&*59'37'? R o NARR A RE
Guisiitierseffridio pHEE R imme (Schifffeseonfitrstdedtisuhatye are
available). Other fluorophores - such as TRITC may be used. 10- Filters

m@&gbﬁ&éaeaagesiet%@t%%myawe@sfe&rﬂaﬁw%mtvfé-mé N Y- vanHead

th:eHTCah aesint he Itﬁs-r%(ﬁ"iﬁe ﬁ:—)é 54&'% % m /51%) fors @):caily by
wsuahzyc\tlo on: the BAPTH ﬁO de 155
‘%Sg)?&'@@%’ﬁﬁ%ﬂzétwmn%?&‘?&h% @*F:Iﬁ’fBﬂHH"éPt\?FM@Gtﬁoe‘
HedEE8YhaB1G-866) fordiTIC cprugaizdtioriteoraalikon thednivers@yesefilfer
insthfeatmaartht08dr emciilr emeodehn kg ydfos StisfiieaB egkrivative as

HSUpEANRL, 15

Accordingly, in some embodiments, the microsphere may be dyed internally or

externally, with visible-or fluocrescent dyes.

" ltds furthermore possible to use ‘quantum dots’ to obtain a very high number of different

flucrescent labels which can be read conveniently. Thus; in aTurther embodiment-of the
present invention, Quantum dofs instead. of fluorophotes are used. -n certain
embodiments, quantum dots are preferable due to the fact they do not fade (photo-
bleach) when exposed- te light. For instance the fluorophore FITC is known to photo-
bieach and cell units freated with tags containing FITC are ideally handled in the dark
and are difficult fo analyse reliably. Quantum dots may be incorporated into
microspheres at the time of polymerizing the polystyrene resulling in even loading of
fags, . Quantum dots are available in many colours and they can be excited at the same
waveiength so allowing visualization of multiple colours without filters, by using a colour
CCD camera. Further background information on Quanfum dois is available from
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Micraspheres can be dyed internally or externally, with visible or
fluorescent dyes. internal dyeing occurs when. the-dye is integrated into
the microsphere mass, typically by. soaking the microsphere in a solution
containing a dye or fluorophore. External modification occurs -when a dye
is conjugated to the surface of the mjcrosphere, for 2a instance
modification of a CML microsphere with an isothiocyanate derivative as
described herein. Accordingly, in some embodiments, the microsphere

sy 420 %'ﬁd inigEnaiLeN. exisspalbouiitbedisiblesy flugrescenistyest 253,

to md ver,
g é%i%% ﬁgrsé%%ﬁt?ol%escg%agggqsm\%vh|cr?%(r}16%%gﬁe%%zco nyg’r’ﬁ gg?l;} e

ﬁ’ﬁﬁ@%@%&ﬁ?&%rﬁ%é{ﬁ?&i{gﬁ?ﬁﬂg SBreSentiRUBRESA “Blikhtum dots

instead- of fluorophores are used. -In certain embodiments, quantum dots

amprefesable nluads: the facktheygeinotdadsiépboty 3@ bleaginenben the

gé(lp%ﬁgretofé'rgt&aﬁﬂe' rﬁ}a&fé?nm fﬂﬂoé%h%ﬂégo!§ Bﬁ%%@ﬂggf&on

%each nd ce nlgsé tr avcvelt;}‘tf% C(Q‘Iqmt r‘gn %&e n%«? ggdled
nﬁ?@%‘ " ° aré cT f cul to analysey relia P uantu dots m m

ﬁi@?ﬁyo‘i’aﬁé@ﬂﬁ‘tbefﬁlbrdsﬂﬁ@r%% %if’fﬁé"ﬂﬁh@%?gﬁ hreEriRg Wife (F'Shem IN,
PiSks tyme lracepsullttivg inapbe ndedtistpuiandigstagQuraaruimadditionte providing

M%ﬁ%tﬂdﬁ@@ﬁrﬁﬁlmmwﬁﬂﬁbbmww[ﬁbﬁhﬁ)ﬁﬁmﬁmprimers
wavelenat sQall gsglng visualization of multiple colours without filters, by
using a colour CCD camera. Further background information on Quantum
dots is available from 35 US6,322,901, US6,576,291, US2003/0017264,
DYesiososes cAod2arandishety 319 Ungess g ianicees s1qied in
1S 260 K804 dd IS0 4TIM S 6rROFB eRgBE6 1251388, sequencing,
%ﬁ&%ﬁmﬁ@n&b’éﬁ 4i2B2ib3, ane:lebpRofds 1 43erdyantagacsslyy, hndags
arepoteg ‘? 9&3'”%%&%1?‘ 3%'0%% g&%ﬁ%ﬁgtssﬁtzéh@tqugsc%MV

xamp emical or other modification or by encapsulation.
Eff%%eaaﬁaﬁah05Ftﬁ\g@@aﬂ%ﬁaﬂm&%@ﬁwaﬁ?ﬁ%ﬁﬂ%@m 'H%%?ﬁfn%\fsgx%ﬂﬂfﬁre
udreseincerieidaonigraasetibed herein - such as those from Bangs
Laboratories Inc. (Fishers IN, USA), and encapsulation may be used to

ﬂ@%@@&%@%&%@&ﬁﬂﬁ@%@e IRsBREVHO0 Hl DrrenCOMBRRACHISHOE cutar
BoRmpiTigationangior RIRSHOL IR LR MRIG Y BIRMANR RS BRI Ex
b= devised to determine the identity of a given cell unit in a mixture or of deducing the.
identity of the different cell units that comprise a mixture. For instance optical or visual
-metheds of tagying have been described where-different shaped objects, graphically .
encoded objects or different colours denote the identity of a sample (for example see
~1998, Guiles et ai, Angew. Chem. Intl Ed Engl, vol. 37, p826; Luminex Corp, Austin TX,
USA;-BD-Biosciences; Memobeaad Technologies, Ghent, Belgium)..

Suitably, the tag may be a charged tag (eg. a negatively charged tag). Accordingly, in a
further aspect, there is provided a complex comprising a microearrier — such as a porous

microcarrier — and a charged tag.

Typically, the microcarrier has a net charge. It may comprise, consist or consist
essentially of protein, cellulose, polyethylene, polystyrol, glass. collagen, collagen-
gylcose-aminoglycan and/or gelatin. Accordingly, the microcarrier may be selected from

the group consisting of a Cytopore microcarrier, a Cytopore 1 microcarrier, a Cytopore 2
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for use with a DNA tag). Detection of tags can be accomplished by a
variety of methods familiar to those skilled in the art. Methods include
mass spectrometry, -nuclear magnetic resonance, sequencing, 15
hybridisation, antigen detection, electrophoresis, spectroscopy,
microscopy, image analysis, fluore Eence detection--etc. In some
embodiments, since the tags typically contain a colour or a fluorophore
then microscopy, spectroscopy, image analysis and/or fluorescence
ﬁg}?&lﬁ&ﬁ@ %ﬁ%@p%@'ﬁg&ﬁ?&d@ @?ﬁ%@?@@ﬂ&’o@ﬁ&t%h;i_lltispher-GL
istinguished by their chemical. or. molecular . I
THERSAES" fMifore’ \}%'??aeﬁ"gn{g’%? ?ﬁ@%‘bﬁﬁfﬁg%ﬁa Igﬁ%%%éﬂisétg:?e%%gsapﬁ “be
Heviettelo TR IHES 8Ny YicsPERRs M TIRT -Cﬁrl”%rmixture or of
deducing- the. identity of the different cell units that comprise a mixture.
%&Wﬁ%&eﬁ%gz MisyRbe manskaoftaggingdeanien deactibeds
where-different shaped- objects, ar r
BRGTE cQIBUICRROte (18 okt S e RO S 1 0s.
Guiles at ad, Angew. Chem. Intl Ed-Engl, vol. 37, p926; Luminex Corp,
InasithdemiBineBi Thalasiieneesharehmatichd Pulaiiyolbyred staneftas is
Belgiwin_T1euiabnithedagompisheamakiargeddateteetaliofedieiy metals
£ g?tflglgg é@%rﬁ\%cgfﬁéﬂﬁ%me%%%%ﬁ&%{?aﬁm&e F@eltﬁi_@médét’e_ﬂs%iiver
complex comprising- a microcarr|er - S a POrQUS. Micr, rner-
SURERGE S GG A e N e S 6
idpeisan tongdiist or consist essentially of protein, cellulose, polyethylene,
polystyrol, glass. collagen, collagen- 35 gylcose-aminoglycan and/or
ﬂ%%%ﬂ{gvﬁ%?@g‘&:& GRS ACAEShERaY @t@e‘se&.e\@ls@dsfxpm 1be-groyot).
consisting of a_ Cytopore migrocarrier, . opore 1 microcarrier. :
i i S S e ?%@58*82%’&g?'f%%ﬁﬁé&?ﬁ‘j?a"{e’
FrFORIFIES-a Ik HREIRYES e BREIRA FE 4R FIHHERIS SRTERSEN R,
andnéarmsdrixswisrocariEmpla¥icpaisphersamidroCesrreated Styarpequential
RiGEaGIRE ARERIMMICERsRNS M onictanpiEer . GiS uitadlyly Siecharged
100158, SRIE) G SRR AR ALGHRRRABIGHALS BDO! RM-BHRRGo e

iameter € microsphere m@éibe ac rgoxglﬁlgée mgdiéeg_nga)li in the
odl i

AR SRRl | T FTSrFRBSGIRIE A

ment, the tag |583[¥0%-%ﬁape particle.
SsittbIpicieardeishaped tag is a nanowire. The nanowire may comprise,
consist or consist essentially of various metals

Parameters for the rod-shaped particle ~ such as the nanowire ~ inciude but are not
limited to size, optical properties-and/or metal composition. In-one embodiment, the
opfical properties are selected from the group consisting of: light reflectivity — such as
fight reflectivity of a particular wavelength, colour, the fiuorescence emrission-

wavelengti(s) and the Tluorescence emission intensity.

in some embodiments, the rod~shaped particle — such as-the nanowire is externally
dyed.

The microcarier that is used fogether with the rod-shaped tag may be a porous

microcarrier — such as a charge neutral microcarrier.

The microcartier may comprise, consist or consist essentially of profein, cellulose,
polyethylene, polystyrol, glass. collagen, collagen-gyicose-aminoglycan and/or gelatin.
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10 - such as. aluminium. The nanowire may be coated with various metals
- such as silver and/or gold. Suitably, the nanowire is- about 1M or less in
diameter and/or is about 10 M or less in length. The nanowire may be a
nanowire as described in Science vof. 294, p. 13T-141 (2001). 15
Accordingly, in a further aspect,. tg:gre is provided a complex comprising-
a microcarrier and a nanowire- Briefly, nanowires are multimetal
microrods intrinsically encoded. with submicrometer stripes. Complex
atterns can be $ROYS i chemicalsepasitcerof
ﬂfr)%g‘fgﬁ%aﬁrs'efc’ﬁtag fgegrrgg‘gaqt:tezgg f/%] u |fo%@g%%¥%9§?ﬁmgs%
CyieaaanbWIELcaPEeS I A BEGH 20 & e as tags that.may be added 20
Calftehea@imipitaTils ssGwiTeh oAl SHERRE A R CHYSRY T A TS
aPbiniie nrRatxeisnicrddamipherd aigratdes far Sienrdicssapen patiitle -
MR350 ARGy, include but are not limited to size, optical
properties-and/or metal composition. In-one embodiment, -the 25 optical
properties are selected from the group consisting, of: light reflectivity. - such
Inagnify TRy (? SIPRRTRL WAV ﬁe‘ﬁsgeti,tgg%aﬁf t '21 flaﬁére%%é%%e%u
miroission-svaveldisgtiets migreberisTluotedtdiicd SRR MENER TR sSne
cempasimenirribartadshamrtinnatidenisuchas. -the peewhedigent, e
me&‘t%&ﬁ%'!%h 0.yt Themiciarasiieithatissusarkngrihes wituheher-G
I aped tag may be a porous microcarrier - such as a charge neutral
HierYCE rier. 35 The microcarrier may comprise, consist or consist
essentially of protein, cellulose, polyethylene, polystyrol, glass. collagen,
reoliagReylcaseearbisogiyenh thefdreing arttisharedTRESARF EHENRYEY be
pSRlCiad-famdhe g .consisting efie@ytopgr emibrosamieniac@yiore
\,\@ylg %ﬁs riggrtoe}bgyggweb,? MicLacaTEiehaad wispassatcretarisiir aags
ultispher-G microcarrier, a Cu|t[I)S Qreéagge%[%o%ﬁm% @;&M@MS
PPRRIFEIE ARG R B PR TRicrocarmer, a Microsphere mjcrocarrier, a
sigresymieiodaierdingia @Mﬁ%&?&ﬁ?ﬂ%&?ﬁ%ﬁ%‘?: {?{ ggappie, the
peERpsimeRspiea pigeararmsuithat digslsdelpgeTireei faveRg rod-shaped
microcarrier is a Cultispher microcarrier - such as a Cultispher-G

lr(n e!r(r:agt %?rgr%bgimen’s: one or more polystyrene microbeads -are complexed fogether

with one or more Cultispher-G microcarriers.

For some embodiments, the tag is not a DNA tag.

In some embodiments, the tag Is an externally dyed tag.
StemCells-

Stem celis are described in detail in Stem Cells: Scientific Progress and Future Research
Ditections. Department of Health and Human Services. June 2001.
http://www.nih,govfnewslstemceii!sci;eport‘htm. The contents of the report are herein

incorporated by reference.

There is still considerable debate about what constitutes & stemn cell, however for the
purposes of this discussion a key characteristic is the ability fo differentiate info a

different cell type. Examples of stem cells are given below.
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Cultispher-GL microcarrier or a Cultispher-S microcarrier. In one
embodiment, the 10- -microcarrier that is used.-together with the
rod-shaped- microcarrier is a Cultispher-G -microcarrier. Advantageously,
it has been found that using rod shaped tags and charge-neutral porous
microcarriers is better than using s\%herlcal tags on the same microcariers.
15 Without wishing to be bound by an particular theory it is believed that
smaller tags penetrate the pores of the microcarriers better and become
jammed (presumably due to size- asymmetry) Accordingly, the binding of

nanowires is bet er th for ex th A
VaisEaiEifE g‘ﬁ“’ e Ulgcﬁdnanent ta %;rgc&%%g gﬁ%@%ﬁ%ﬁéﬁ?{%ﬁnt
inglveenr RBRE pﬁﬂ@s@?é’ﬁ@’ﬁ? a%%é@ct% rﬁpPé’)?&dr?Sbo Ter ity 6ne or
(BVPED, (Baﬂmsmm:ra@ grieth Gairieds GOr abiiele MISHMBAEOIME RdPrdaisr a
15% g hRSQRe RMpotERENESNE Q) tRgH SR ety teRHH),

1@6 };] teclgtlll aé?lg—gz é@%&gm}#%g @)1&%’ lsctlmulatmg factor

ress an uturé Research 30

ctions. Deg ng H)
%ﬂfhm@ﬁ%@éﬂﬂ'@& ﬁjrp@mhasone E»-mercaptoeth nol, ated
hiptEps/svisen i gavidnes/ SidBize lhsdine forotiermheecOfte s ofoai@ r‘?ﬁffort
@&ﬁnh%'aﬁanféaaemge%soﬁefamqwg@hgrmesuumnammmmdayam

abou{r‘)%glat constitutes t '3&? lhshowe \ﬁ%{uﬂém?e %@M%ﬁﬁéﬂ%ﬁ erent

1SRUEEIAN & chara ristic Is the abll to dif e into
facr ﬂ?ﬁ@@xﬁﬁée@ﬁ?’ﬁéﬁ' -AEHESRR '5 % anbusdfactors hat
abiditienlie dreseseditedifrtinre dile el ﬁﬁfé&'&%ﬁ%&ﬁ)@‘%@%ﬁe YRS crrdifiensd
helinoiGASHCk RNide N ek grOwdh daatordEE Plirbereactorph bgenis! feotéat
S@Mqlﬁr)ﬁ%&&% Bfogl%am%as;@m E%Eamm@d sanstormingsid i
rowth factor -beta atocyte gr
T ?gg e Eﬁ 1 oo

e STy SEARHO S BBTBRYPEGEIARG %F‘C(E?Wc&%??j“ et or
iresydafiogDietin yiithnisiorDBy- tdha methinsotdrg3imercaptoethanot, butylated
hydroxyanisole, 5-azacytidine, DMSO, insulin, thyroid hormone (T3), LIF,

Ffoet calf S M vascular endothelial growth factor (VEGF), steel factor,
ion of

Groups of celis (cell colonies) can be grown in cell culture under various condifiens and
the colony=can iargely maintain-its integrity under various conditions, when disturbed,.
_and when mixed with other colonies. Such groups_or colonies are referred to herein as
cell units. Formation of cell units may be achieved, by way of illustration, by growing-
cells as adherent cultures on solid substrates such.as carriers. [f cell profiferation ocours
after seeding on the carriers, the daughter celis will attach on the same carrier. and form
part of the. same colony. 'In general, live adherent_cells. do not readily dissociate from
thair growth substrate, and so the integrity of the cell colony persisis despite any
mechanical manipulation of the carrier, agitation of the culture medium, or fransfer into
another tissue culture system. Similarly, if at any time multiple carriers are placed in the
same vessel (e.g. beads are pooled) then there will be no substantial transfer of cells

from one bead to another,

An important advantage of forming cell units on solid substrates is that the substrate —
and therefore the attached celis by reason of association - can be labelled as described

herain.
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10 concentration, ascorbic acid, [3-glycerophosphate, nicotinamide,
platelet derived growth- factor (PDGF), CAMP, various cell-adhesion
molecules and substrates, and others. in addition to these defined
factors, it is likely that undefined extracts, such as conditioned media,
human and animal tissue homogepates, or plant extracts can be used to
direct stem cell differentiation. Progressive fractionation of these
undefined extracts may yield 15 active- fractions or even pure
components with high potency, These factors can be added to the growth

medium-used. in a particular experiment, either alone, or in ¢ ination,
e ﬁeasorgﬁmm@wm@W@@fﬂ%ﬁ%&%&%&fﬁeﬁﬁéﬁ%gﬁ?,a@ﬁ?@m- K
cdroTmTatioihod. datuiits cals GrORR! GTARETE [BEReEEbNeS) TR HE SN in
cSRHCulErRIRaRfcaED useenHitioandd thehodtoriritisartfargefizble from
AR RSO R st Skt iamdohen.

[ ) : " t -
N%O‘iaéﬂeﬁrﬁ?g‘.”ﬁ%ﬁﬁeqﬂ%en% srear lﬁc%j[% may be aehieved, by wali)% of
feitroenkasam UBYPGRININGS25 cells as adherent cultures on solid substrates

such-as carriers. If cell proliferation occurs after seeding on the carriers,

plhdavehiepeplswibatachs ar:thelsaowe taskesanddoniategbetrontbr-of
same Eé@!&’fﬁa&%%%ﬁﬁ@% 'g%%ghh%t@&-&?i@af@égd&@ seadiy glssnsipiedtiom

elr growtn supstrate, a 0 the Integrity 0 e ( :

c@égﬁi?é%e%‘@%ﬁ%ﬁﬁtﬁ% S rgl —;g'?g[\%{ed tb'y s&glﬁr%o@ﬂ(yumﬁﬁn in

5m‘3%‘ll§ﬂ n"of the carrier, agl_tatlon of tq(e
addilionehe eur, Sroalkrisist 1hBPSBaR ST IRTTRS BUlitliFE 3y Sratipred out
androdasly, if at any time multiple carriers are placed in the same vessel
(e.g. beads are pooled) then there will be no substantial transfer of cells
from one bead to another, [ ‘ aotagerf prmingisslbunison
!_E(SYI%St rf?og?r%gt]%sgfg ki act’nt%l[ée?ﬂgg%%é?%%%ﬁd ther;gg’rg?:g g]ga%%%rc%@s
gy rdeBrRBRR SRR R &Y BB S s TEShibed herein. 39 When
ateHsiaarof drovarionvbetakepisabifors thesieet 8@/ freated as a suspension
culture. A common method of growing cells on small carriers is referred to

%%QF;@?%C@{;%‘ s GRlln Gt (SRS Microcarrier cell culture, Principles and
0as’, Edition , avallable from 5 Amersham Biosciences

(18-1140-62); herein incorporated in its entlretxegymr‘g er squ%ie separation

In a further aspect, the present invention provides impro

of tags from cell units (eg. cell units complexed with microcarmiers):

Advaritageously, when-the tags are separated in accordance with the methods described
herein, they are obtained in an intact state such that the unique parameters of each tag

can be measured faithiutly.

Advantageously, when the tags are separated-in order to be analysed by an opticat
method - such-as by microscopy - they are furthermmore obtained in close proximity o
each other such that the they can be imaged conveniently (eg. using just one or two

image fields).

in one aspect, there is provided a method for separafing a complex comprising a
microcarier and a tag, comprising the step of contacting said complex with a protease,

wherein said micrecarrier comprises, consists or consists essentially of protein.
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Microcarrier cultures are used commercially for antibody and interferon
production in fermenters of up to 4000 litres. As the physical properties of
carriers are well known it is easy to calculate the number of 10 carriers
used in an experiment. The carriers may be avaiable as dried products,
which- can be accurately weigheduand subsequently-prepared by swelling
in liquid medium. In- addition the number of cells used to inoculate a
microcanier culture can be worked out and varied. 15 Harvesting of cells
oy o the usraearigradescrbad heigis@rdlaeraignokatiplsofioon
m icrocarriers, can be achieved by enzym lgch%g@%%%g};ngt GElSHamdior
9B GRS B HESRaRBVRETE a(S%IlcaB &28 described-herein.
Beperatoivoivdalismerabaligerg&fimits 20 In a further aspect, the
present invention provides improved methods for the separation of .tags
THOPSEILLIRILS ePratdinaniix GasmRlexedoih mictocasiess):
Advantageously, when-the tags are separated in accordance with the

methods described 25 herein, they are %béaine{j in %nuisré?cnt S!tlaéﬁ’\&ﬂl?b.)f
IR BFRIFARS PR RATELE DY BRIV S AN BE MeaSuted faithiully,
aboly arieitecusherayRitabls theeorapiesssaraead W eeleltest RaREF by
Abutoptigahimethoduiatphhasdypheidsosntpied thitytar@fiedrerimereiume
tht]airggd in %(gge proximity to 30 each other such that the they can be

of abou %l of A .. . .

Imaged conveniently (eg. using just one or two image fields). In one

aspect, there is provided a method for separating a complex comprising a
Imichethen repestdteerads eatigiishgthesRiperEs a&iﬁ‘ijg?éﬁﬁ %DS?EBT&?
Witbcarpspteasen a6 whereirs saiitonaicrocanidr 20agprisewrienasiagsser of
SORsisls ExpesMiply Rkiprekein. 40 Suitably, the microcarier comprises,

consists or consists essentially of collagen and/or gelatin - such as a
Cultispher microcarrier (eg. a Cultispher- microc%rr]j.gg, a Ocﬂglsqsgrhggﬁsgg{_
SicRbcalite iR elitis pre RS RhicRetEs Y. BFh&Protease may be
preteklysd telltjgrsin, RO WSIPHHEBPdER AUE ORHE" Bl fytorore
Risteinase. Kither in someeshodiments:. it is used in an amount of

In some embodiments, the tag_is a sphere — such as a microsphere - that comprises,

consists or consists essentially of polystyrene.

In some embodiments, the tag is a rod-shaped particle - such as a Nanowire.

Various reagents may be used for the liberation of tags from microcarrier - such as acid
{eg. Hydrocholoric acid and/or sulphuric acid) or sodium hypochiorite -and/or sodium
hydroxide in addition to other reagents — such &s trypsin-EDTA, celivlase, proteinase K,

and sodum-chloride-(eg. 5M sodiam chioride).

In some embodiments, the reagentis hydrochloric acid, preferably 37% hydrochioric acid
(about 12 M).

_ In some embodiments, the reagent is sodium hypochlorite.

In some embodiments, the reagent is a protease.
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about 0.5U/ml or-more. Suitably, the complex is contacted with proteinase
K for at least about 20-60 minutes. Suitably, the complex is contacted
with the protease in a volume 10 of about 5 | or less. In a further aspect,
there is provided a method for separating a complex comprising a
microcarrier - such as a porous miﬂocarrier - and a tag, comprising the
step of contacting said complex with acid. 15 Suitably; the microcarrier
has a net charge and may comprise, consist or consist essentially-of

(Cellulose, Thus, by, way. of examplgidhe microcarrier may be a Cytopore

microcarrier - such-as is'a Cytopore 2 microcanier. 20 In some
embodiments, the tag-is a sphere - such as a -microsphere - that

Suttahipritesdicestivisté BP CHRSBIEBLIBRISATBIEIBIFATTERE! it Sntgticaly
clemlbatitecnisciihe sagpis anrooksihasédkpditickiiowtietnedianh ApRaingd? 98/

W}{@ﬁigt@@ﬁg@ggg%%@msf%ghe liberation of tags from microcarrier -
such as acid (eg. Hydrocholorie acid and/or sulphuric acid) or sodium

hypochlorite -and/or sodium hydroxide in addjtion ;o Oﬁhe;{j rgargelntns -tggch
Sylafiyn&if- BT Belired R ENalEICPERE SO FUM-Chioride- (60 BM
rsgdiamecHtoitgtin@osing o rlewrabe GBS ReReagent-is-hydrochloric
acid, preferably 37% hydrochloric acid (about 12 M). In some
S%HAE@,O'{H%%HR%EQﬁsé%%%ﬁgé&gm%hymamIﬂ{i&%ﬁ:ﬁé WasomBeemove ar;ny
embodiments, the reagent.is a.prot 3 {he
e T B SaE R I e ST e oag i
microcarriers is carried out on an optically clear surface - such as a glass
Suiieslystepaistcte's Thised fowehiesnvenpeieitehyirmion dithe SmraTREs and
1S EVNASS RS BIRGINate! tRbdplieainthyitiplrsthe surface is treated to
prevent the spreading of a liquid containing the microcarrier, for instance

SR v e e
amedierendensalistandppheathtotinesprfaoesdd g afivnddleddiome of
liquid

in some embodiments, the digestion is achieved using. one or more proteases. The
protease solution is. typically dispended directly onto the_dried micreearriers and placed
in the humidified box. Once the microcarriers have dissolved (fypically: 36-60mins) the
slides are removed from- the Bumidified box fo check for complete digestion. The
protease solution is evaporated and complete drying of the released tags onto the slide-

is provided for to affow the tags io-be analysed.

In some embediments, the digestion of the one or more micrecarriers is -carried out ina
microcentrifuge or PCR tube such as those manufactured by Eppendorf. The interior of
the tubes may be treated to prevent the tags from adhering to it once they are fiberated

from the microcarriers.

in some embodiments, the tubes are placed in a PCR machine allowing for precise

temperature control.

In some embodiments, the PCR machine operates a heated lid, allowing for use of

minimat volumes of liquid.
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Suitably, the surface is heated to achieve complete dehydration of the
microcarriers and to adhere the tags to the surface, thus preventing
dispersal. 15 In order ta-carryout microcarrier digestion in a minimal
volume, preferably less than 5111 and more preferably less than 2111,
the digestion is performed irr a huanlfled box. In some embodiments, -the
digestion is achieved -using- one or more proteases. The 20 protease
solution is, typically dispended directly onto the dried microcarr-iers and
M&ﬁ Iléﬂ%&(‘)&g%@w'%@eh@s fREaLhy éB;'ﬁFdQ%%rﬁ&FftF@M&l dﬁg@j\{ﬁa the
ca omins remoyved fram- [

R S 5%9 R516 SRS SR T i e, ©
RSRpreRE dRFTIR ST th ?e’f‘éa%%d“fab%“ t%etﬁ eelfiad fﬂﬁﬁ%{%‘&%&%?f&%ﬁw
Hatutag sttbdieganalysed. 25 In some embodiments, the digestion of the
one or more microcarriers is carried out in a microcentrifuge or PCR tube

tk asfne [ﬁggma%f@qgse&ofam&npﬁ.@%ﬁf}h&mnew mmg& that

e trea ent the tags from adlperlnsg to it oncet;lheéqE
S PPV Do e D oio S SR S B or. )
ssteeadnm thepelRimst ANddhE B G Mig(h PRIARG YR AY Wﬁtlﬁ?égééﬁfr%‘ﬁ Fﬁg(s)
gome esnpgedimentspthiedPdianact npaopiesmiethaihegie t idieaidwiergfor
sk 0laBr0uniabyolumesyofioshd of Zoriitablissane the Hag B Wwetao
lagshave b carfciﬁ%fﬁ%%@yfa?me%%@%ﬁ) anehthe tg%&(ﬁ)mggsrfegd or

more images of the tag(s) may be obtainéd (using, for example, a

opic technique). The images may then be analysed to determine
one or more features of the tag. 5 In a further aspect, there is also
peavistedorisnethaidfitnidentigfisng one or more tags that are obtained or
obtainable from one or more cell units comprising the steps of: (a)

ée'ogragp% gi:c% 1%?1ng=. unit(s) and the tag(s); (b) obtaining one or more images

Forming celt units (particularly microscopic cell units) is furthermore useful-for sampling

multiple fissue culture condifions as each cefiunit constitules an easily handled unit that
can be exposed te a variety of cell culture-conditions. In accordance with the present
invention, cell groupings are typically produced by growing cells in microcarrier culture,
and the ferms- cell unit, ceil group, colony and bead are used interchangeably. A
parficularly efficient method for sampling a farge number of cell culture conditions is
referred to as Combinatorial Cell Cultore or split=pooicell cilture and in one embodiment
involves the serial subdividing and combining of groups of cell units in order to sample
Tnultiple combinatidns of cell culture conditions. In one aspect of the invention the
method operates by faking an initial starfer culture (or different starter cultures) of cell
units. divided Tnto- Xy number of aliquots -each containing multiple beads
(groups/colonies/carriers) which are grown separately under different culture conditions.
Following cell culture for a given time, the cell units can be pesled by combining and
mixing the beads from the different aliquots. This pool can be split again into Xz number
of aliquots, each of which is cultured under different conditions for a period of time, and
subsequently also pooled. This fferative procedure of splitting, culturing and pooling (or
pooling, splitting and culturing; depending on where one enters the cycle) cell units
allows systematic sampling of many different combinations of cell culture condifions. The
complexity of the experiment, or in other words the number of different combinations of
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(eg. by using a microscopic technique); and (c) analysing the images to
determine one or 10 more features of the tag. Suitably, the one-or more
features of the tag may be used to determine the-cell culture history of
the cell unit(s) from which the tag(s) was derived or obtained.
Combinatorial serial culture of ceII% 15 Split-pool cell culture Forming
ceH-units (particularly microscopic cell units) -is furthermore useful-for
sampling multiple tissue culture conditions as each cef-unit constitutes an

ce%uc]itl L%rée ?:.‘é‘l??tj? IOnsétS r%l:!;%cs (%%uggtng iRS p%@ﬁ%@r@?@él@ydﬂﬁw cl;ond:tions
resent.n on,
Xgroripos e DR BT Ny 6 e Sofeh? ﬁ@ﬁ%ﬁ’éﬁﬁ%ﬁ%"ﬁfﬁ%
oo neutoames LAk R GEIPBFRD: OISR IR EHS R ©f o1 oris
2leiabangeably. e particeiacty dfficievntotHwforesanaping & nareRer of

reC él?bﬁlre@tﬁgll '&UWBQay%M;#fmdom&mﬁd@mmb riall Gelture
ulture ar split=pool-ce tu ,gmbodlment 25 involves the
RN MBHiR %’!)%Hﬁﬁfg @géé%ﬁgjgiof cell units in order to sample

-multiple comblnatlons of cell culture conditions. In one aspect of the
Risetitisndhhanmetaisd operatds wWictarityeiEinighrelartiteurmdter s
m@m slarieasln es)cofwels dfiterdhidpemoltierainiis cAraHpion
<SRG sl omonapiors s o
U

oRuie /4 QA e ol 1 (i B0 ety g o
upgineaYakb %éﬁﬂé‘ﬁ'ﬁ?ﬁ’tﬁ%%ﬁfﬁéf’éﬁ‘ﬁ‘%ﬁ qﬂb?%arg'hfgsﬁg &5 BE %Pt again
piBtedi2 nussbeleofiaiqeiots/ie avtihesivisicirigec sheries u aaisgirkiae 2s
c&ﬂﬁﬂgﬂfﬁ Eﬂéﬂt&@)‘%%tlﬁ}ﬁmwdil sulsiag uenthnalieospw dieaod hgfween
ST B mg %&%ﬁ%ﬁ%&“@%ﬁ %F%&E&;@é’d&%ﬂm&@i ORsHiRgy. SpiRg
AT D AT DT AT ST ol e e i,
ogenaitionsntRhe covnpieRy G‘F&Hlé‘f@%e?fnﬁ%?ﬁmfi?ﬁr?ﬂfhtéer YASTIRRE 52
oL ERnetdifetie nt.ooanlbiati onits Gr48lonishicbirdeit Birdionaleeistawaler
1%91“@4 L@? Prafusheltieon umbenofsifiesantsanpeitionsr GIOruBxanX,)
ag&ﬂﬁ uggh ﬁ?”gg gg@@i@m@ laR bl ﬁs;g@él dasaell-taitapsior
vk s At t@as one cel[ unit that’“hgsp il)%gl’? cu!%]rsetrf %t‘l;go\r%mé: kt]oaelelz%ltefdi UUAQSJSO]C
combinations of culture conditions sampled- by the experiment. This procedure. can be
used to sample growth or differentiation conditions for any cell type, or the efficiency of
biornolecule -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 stem cell
differentiation. The variablés which can be.sampled -using this technigue include cell
type,-cell grouping (e.g. microcarrier culture, cell-encapsulation, whole organism), growth
substrate (e.g. fibronectin on microcarrier), duration of cell culture round, temperature,
different culture media {including different concentrations of constifuents), growth factors,
conditioned media, co-culiure with various cell types (e.g. feeder cells), animal or plant
extracts, drugs, other synthetic chemicals, infection with viruses (incl. transgenic
viruses), addition of transgenes, addition of antisense or anti-gene molecules (e.g. RNAI,
triple helix), sensory inpuis (in the case of organisms), electrical, light, or red-ox stimuii

and others.
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are pooled can have the same effect. The invention therefore embodies a
number of 5 related methods of systematically sampling multiple
combinations of cell culture conditions where-groups of cell units are
handled in bulk. Regardless of the precise manner in which a diversity of
cell culture conditions is sampled by this means the procedure is efficient
because multiple cell units can share a 10 single vessel, where. they are
cultured under identical condiitions,and -it -can be carried out using- only

X hte\s/v Ectultwre }éessels at any one-time (the number of culture vessels in

number of split samples). In many respects the

principle of this procedure resembles that of split synthesis of large

Tebgunieat lifneesTiko ceit-pm! contsisateTistcuiihists praefrHSiniRE Sl

HRRssiblg sampinations-aiinkage beiwensn Techesoicaklieddmbletkwil

s éﬁ%% o ﬁ%x?é?ﬁ'tp,llr:\?eaﬁé)@(%%ﬁ’é& khemisty-. RxdetsoMiversivol

ress ICNam Fennjrij or. I s.
f’f@ﬁ‘éﬁ?@&”ﬂx‘/@?ﬁﬁ%@?ﬁ%&‘r‘ rou'ﬁ' s% aﬁgelﬁﬁgscu gbll'g L%) c%prftoﬁ!t;:%cr%s gan
Poepiiegpif| prhasse AnteMeU ARSI %rgl{h@fnfﬁ%b*abf%ﬁtéﬁf?%}nﬁ‘f’é‘?%or‘m out
inelenine gdutiag sficcthisisxafepie)il grecsrsesthmHereoNsh Bt EWRNHTRHET of
Siffsrent cangitionsesaneleshprariail-sesgdmrand RO-asssmipgrthsdlithén
g llttlsnegltc})glgzé?%ar&sto%ﬁfﬁ %ﬁ!&v dendemivritems exreatedsthatibere s

one ce that-has peen culture acc Vrglgpg]tof gggfgp(p

fﬂ?@"“&é’i‘?@‘ﬂ‘s‘“ EBWWH??&H?‘BF%%F&HE PRYEISE g am
storpasitmafsinthisiProteerarecteanrbeedidde Resskin Eﬂé@*‘@ﬁﬂ fpeages of the
ifferaniiatinneeaditionsifesianiceHitype, Oortbm effitysnilysplt steps can be
LEECH“?&&%H“L% Rro %@fé%ré@ﬁ%@u@é&ﬁﬂﬂﬂ&&&p&lﬁm@ﬂtﬂﬁr%rgnﬁaréemtmg
S (o) [ is ideally suite
Wgﬁgﬁfﬁ? %ﬁst?gs?ue%% tugég%%%%ggoﬁoﬁf%%%ﬁs}tjaﬁgie those described
above in connectlon with- stem cell differentiation. The variables which

mandemmmmizectersifsy this technique include cell type,-cell grouping (e.g.
microcarrier culture, cell-encapsulation, whole organism), growth

Ubst e%(a%&gg B&Bﬂ%capcgﬁ mgqueﬁée&cga bt Gl IsHitmg aalp:w

emperature irreren rem includ ﬂ r 1 S

L, sl G e
searpugdonetf 8/puen(esh vrdidofeige Hé‘)“%ﬁlﬁ?élp()‘?dﬁ SRRNEPLAIEVEIEYL" B er
By thetisschemicals sinfgetiohaniil Yatadedmevelhagbhie berusegsed to
'Hﬂﬂecﬁogéﬂé%ﬁﬁﬁwa%’a@%@éb%mt@aﬂﬂ&:@fsamkgmtmt&swdmr@og.

”LP%% he'P‘éeE% 1RONAIARKES {1 e P LarAIamS orelasttinte
OI’ red-ox stimuli
condltions that are being tested. Under certain circumstances it is therefore

" advantageous to split and/or pool cell units according to a predetermniied protacol, the

overall effect being that adventitibus duplicatiors or omissions of combirations are
prevented. Predetermined -handiing of cell units can be optionally planned”in-advance
and logged on a spreadsheet or computer programme, and splitting and/or pooling
operations executed using automated protocols, for instance robotics. Labelling of celt
units (see below) can be by any of & number of means, for instance labelling by RFID,
optical tagging or spatial encoding. Robotic devices capable of determining the identity of
a sample, and therefore partitioning the samples according to a predetermined protocol,
have been described (see ‘Combinatorial Chemistry, A practical Approach’, Oxford
University Press (2000), Ed H. Fennirf). Alternafively, standard laboratory liquid handling
and/or tissue culture robotics (for example such as manufactured by: Beckman Coulier
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35 and others. 44 Split-split cell culture The purpose of performing
split-pool processes on cell units to systematically expose these to a
pre-defined combination of conditions. The person skilled in the art will 5
conceive of many different means of achieving this outcome. In addition to
split-pool processes and variation%ghereof, it is worthwhile briefly
discussing split-split processes. A split-split process involves subdividing
a group of cell units at least twice, without intervening pooling of cell
e e s syl
MR U THDERAT B Ay A (vl oS
afsprdivarinie tHestRe e #'¢86dfic-platform and- sophisticated sample
tracking systems. The advantage of-split-split steps is that (since cell
AR RE-AR sepabinss b itdsipesaible to segregate lineages of the various
cell'units based on their cell culture history. Consequently split-split steps
can be used to deduce- if a particular cell culture condition is resppnsible
Flalowiing grebriosed iare 5! 51 85 85 @ RIRBRHPUTRE PhEPtTu e Bire
chisterytefics vinitsveRradsitenmitivid protsetist Ty pitaen-aifRgief Pobng
ol cellinitssRagy¥-Re accomplished totally randomly or may 20 follow a
predetermined protocol. Where -cell units are split and/or-pooled
randomly, the segregation of a given cell- unit into arggﬁ%%p iS not tt
e EREERRTIYEH TorpPej e FRISING Ay 3h B G BTt N & o
shighpratssisilityethreinta skt bel Rurcaadon cwh B ysatPibaehel ot
itRedReSs e wanbirRtinnscepceliguluesatoonditions, it is advantageous to
employ a larger oumberof cell units- than the total number of
combination& of cell cultur-e 25 conditions that are being tested. Under
ircumstances it is therefore advantageous to split and/or pool cell
units according to a predetermined protocol, the overall effect being that
mgauanditious duplications or omissions of combinations are prevented.
Predetermined -handling of cell units can be optionally

lanned-in-adv .and loaged on.a spreadsheet or computer
%’?%'rcgpﬁﬁéé%gr&dl%) ist%ﬁng and/or poBIisng 30 operations executed using
automated protocols, for instance robotics. Labelling of cell units (see
Helesjctmisotiery 8eshipnhBpammibsrsiSr RRdfiestalsdifmg By e

BRiMdaher-G microcardars {CSG) are Bletinylated in order to facilitate binding of the fwo
during the course of a split-pool experiment. CSG are supplied dry and are hydrated in
excess sterile PBS overnight {according-to manufacturer's irstructions) and autoclaved.

They are then rinsed several times in sterile PBS.
Example 2
Biotinylation reagent:

The Dbiotinylation reagent, Biotinamidohexanoyl-6-amino-hexanoic  acid  N-
hydroxysuccinimide ester (Sigma B3295 10mg) is used. 10mg of the reagent is
dissolved in 400p! dimethylformamide (DMF) and added fo 5m| settled volume of
hydrated CSG (5mi seitled volume in 50ml tube) and mixed well by gentle pipetting
(0.1% viv BSA/PBS is pipetted up/down into the pipette tips beforehand to prevent
sticking of CSG fo the inside surface of the tips).
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optical tagging or spatial encoding. Robotic devices capable of
determining the identity of a sample, and therefore partitioning the
samples according to a predetermined protocol, have been described
(see 'Combinatorial Chemistry, A practical Approach’, Oxford 35
University Press (2000), Ed H. Ferl iri). Alternatively, standard laboratory
liquid handling and/or tissue culture robotics (for example such as
manufactured by: Beckman Coulter 45 Inc, Fullerton, CA; The
Automation Partnership, Royston, UK) is capable of spatially encoding
the identity of multiple samples and of adding, remaowving or transl '
Tﬂ?eg’é’t’ﬁﬂ%?ﬁliﬁif%"f)rﬁ’-ﬁpfi%?gsm%ngﬁ Btols s.t%eA%\éagysﬁg?gﬁ%ﬁgrQ{: i
tesepriskite hEbreciP R FERONVHRT € ST BURT It Pt aREragent
(defined pumbed of seomtisbtheitbdheUbRE twing bbowaddiesktts bebaserarss
2HVERSQLLALRsRGRRS thalangy have been affected by the tissue culture
conditions. 10 The invention will now be further described by. -day of
Examples, with are meant to serve to assist one g{ oiﬂinary slt<ill' i %h%rart
The SiRRRISUE SRRV AT A1%E BN REBRHRE AR\ TS i ire
stgigpecofitivesiive Rtiowm 1BURRAMPRSsaEEmaceRisiti BuRjiRitHsReNson
OEGRulisphessa FighecaingardQie doresesnt KES esidbd te shidds) infteliy
(ﬁ@@@@ﬁa@é@&fﬁ%@fﬂmﬁﬁmw and so the C ltispher-G
Icrocarriers-(CSG) are b:etinylated in order to -facilitate binding of the
two during the course of a split-pool experiment. CSG are supplied dry
Exatrekedhydrated in excess sterile PBS overnight (according-to
manufacturer's instructions) and autoclaved. 25 They are then rinsed
HRUPAHIMES I stesiedBlnrkxample 2 Biotinylation reagent:, 30 The
biotinylation reagent, Biotinamidohexanoyl-6-amino-hexanoic acid N-

After the seeding of CSG with ES cells, the fluorescent tags are added to tag each stage
in the split-pool matrix. The following method for tagging biotinylated CSG with

streptavidin-coated tags is used.

The experiments are-conducted in a-5x5 well (10cm-x 10cm).cell cuiture dish (each well
therefore measures 2cm x 2cm).  Typically, one well will contain 7000 CSG/ES cell

complexes.
The flucrescent tags are-added to the well at a known-concentration of tags/CSG. The
mixture is gently pipetted to mix {using 0.1% BSA/PBS-freated tips fo prevent sticking)

and then the whole 5x5 dish is tilted to facilitate close contact of the ©8G and tags.

The disti-is-placed in a 37°€ incubator for approximately 1hr and then placed flat.until the
next stage of the split-pool experiment.

Example 4
Washing methods and sieving

The contents of the wells which have received the same freatment are gently pooled
together and washed through a 70pm sieve. The CSG are larger than 70pm and are
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hydroxysuccinimide ester (Sigma B3295 10mg) is used. 10mg of the
reagent is dissolved in 400pl dimethylformamide (DMF) and added to
5m1 settled volume of hydrated CSG (5ml settled volume in 50m1 tube)
and mixed well by gentle pipetting 35 (0.1% v/v BSA/PBS is pipetted
up/down into the pipette tips beforghand to prevent sticking of CSG to the
inside surface of the tips). 46 The biotinylation reagent is allowed to
incubate with the CSG overnight at room temperature before several
AisRsItetsle RBSHEIEMOVE RisRaSHinln sIRED (eaganEtnsingied
HEIRELNS RUMALaWILIG, G Relag Alpuieel de ol e ieas,

rn aspiration with %/%%Ju@ ;I'he biot]n lated CSG are

ORIy AP A S SRR T Ry Grd GREGIRR sterile
conditions in a known volume of PBS and the concentration-in mixed
SHSRRRsIeNfisicagdlatecibasetiaprthisiupdurnediincs the drsind ssref GHG

b%%%egeﬁﬁgtg@&%%éem@gﬁ% _@mmisﬁuyr WE hRY 5130 0PGBS dBndRoR:])

Example 3 Tagging methods in wells and columns 15 After the seeding of
CSG with ES cells, the fluorescent tags are added to tag each stage in
ExemgitiSpool matrix. The following method for tagging biotinylated CSG
with -streptavidin-coated tags is used. 20 The experiments are-conducted

Hhesroonetid kridonepdeem)-cell. culture dish (each well therefore .
measures 2cm x 2cm). Typically, one well will contain 7000 CSG/ES cell

complexes. The fluorescent-tags are-added to the well at.a
RRGIBA B oD L EIRE. ThE o ks o) ediaees
flviregoeih SanEs)H S AP BS-THemeRs ip S\ plesie MSs SERIAL N dridHtReH (Rid
ovhpledixbrdisk s tilted to facilitate close contact of the CSG and tags. The
dish-is-placed in a 37C incubator for approximately 1 hr and then placed
{g?gggtil the next stage of the split-pool experiment. 30 Example 4

Incubation of individual CSG beads in 2U/mi proteinase K (Sigma P4850) in welis of
glass-hottomed, 384-well microtitre plates results in complete digestion of the CSG bead
whilst leaving the polystyrene, fluorescent tags intact. Complete digestion is typically
complete within 20 mins and the fluorescent tags then remain in the proteinase k solution
indefinitely, without inactivation of proteinase k, with no detrimental effect to the {ags-or

their fluorescence (see Figure 3).
(b} Cytopore 2

Incubation-of cﬁopore 2 microcarriers {made from cellulose)-in 37% HCI (~12M) results

-in complete digestion of the microearrier within 90 minutes whilst leaving: the atiached

coloured Duke fags intact. As with the CSG, the tags remain in the digestion medium
indefinitely, without inactivation and with no detrimentat effect to the tags (see Figure 4).

Example €

Flowchart



Washing methods and sieving 35 The contents of the wells which have
received the same treatment are gently pooled together and washed
through a 70pm sieve. The CSG are larger than 70pm and are 47 caught
in the sieve (see Figure 2). A minimal volume of PBS (typically 5ml) is
washed through the sieve to remoyge unbound, fluorescent tags and the
sieve is then inverted and <3m! basal medium washed through to collect
the GSG/tag complexes. 5 The contents of all wells containing different

C#gg%%sigséﬁét ﬁ?%gﬁ‘%%ﬁﬁ%@#{ pheierecbeingpeoiksiiegeel
rouna or Ccu
BB EN BYC QAR RS ol oﬁ%”%%&{‘h%a@?’é“ P s

depjeaetha %@f@é%r‘i’cﬁﬁt@ arRaRRS & SHPE ST P RIS S L N B &5 24y s
=0t Fo-tisieresonit Dlikessgactd Sleothis misiEguhe inadiioaepers 2 or

ﬁg,§g-agg§ i@h@&@ulggumtmn@f;’individual CSG beads in 2U1lml proteinase
K (Sigma P4850) in wells of glass-bottomed; 384-well rnicrotitre plates

results in complete digestion of the CS ad 20 whllst Ie vmg
TR RS SL B S SRS nﬁocr?n”ﬁelgét%rglges%n IS t?;} Tpe latter
ccornpiend {bitiinentpidarier shriiowesH iNteabEHEtAE BREINTRTREMH ﬁ?fﬁéﬁa’f a
iprofRtiasml sajukoredittefiakdyingithdutiMactivhiitrnod pasityaasériefiwith

Hoelrimentabefiaatiqihs ngsgay Reikluareseensaiésseligwe3)y 25
\.mln tmp grrg é%ntCUba ?cge’%t%gu%%rgf%h@t%g%rﬂﬂ S é@{‘ﬂ'@e fAQ&llonal IF/

ose I -
AR RN S5 BT RIRAAG THE SR D0ScHBd Duke
tags intact. As with the CSG, the tags remain in the digestion medium 30
Andafiniely nolibrout doae ivativn tiad itk handdtssrigivaiuefféet toetfreit s
@Sﬁoﬁ%ﬁ ﬂgé)@g}ﬂlﬁ @uﬁ"@i’\&hﬁ\f tim%fr%ogate the Starfire Red values for the
relevant size tag as. set forthein Figure 6. This systern can aisc result in & tag remaining
unidentified if its size andfor fluorescence does-net fall info the defined ranges. There
will not be double calls with-this flowchart, but this is at the risk of mis-identifying low

intensity tags or deublets as described above,
Example 7

ES Cell Differentiation using Combinatorial Cell Cufture and deconvolution of results

using labeling methods

in Combinatorial Cell Culture, ES cell colonies grown on microscopic beads are shuffled
through mulfiple combinations of growth conditions using random spiit-pool methiedology
gecempanied by concomitant labeling: At the end of the- process, any beads bearing
differentiated progeny are identified and isolated; and the associated tags are analysed

to deduce the cell culfure hisfory.

An example of this process is described using haematopoietic differentiation of mouse
ES cells as a model system. The developmental roadmap to haematopoiesis is relatively
well charted, and many of the recombinant growth factors that influence cell fate are
known and readily available, nevertheless directed differentiation reported in the
literature has used materials and methods (embrycid bodies; semisolid culture media;
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48 A spreadsheet is prepared which examines tags in parallel for UV2
(and rhodamine) and Starfire Red (and fluorescein) fluorescence, ie. the
flowchart shown in Figure 5 is duplicated in parallel with all references to
Fluorescence 1 replaced with Fluorescence 4, and Fluorescence 3 with
Fluorescence 2. For this system thgdinal ‘No' decisions 5 from pages 2
and 4 will go to a "No Call". This system can result in a tag remaining
unidentified, or given two identities. The latter can occur if the thresholds
Josdhedawest indensitatagemyovset ineosiatilyssheharihahdfiey, finoreseing
tag is identified as bei ' iti ID
xamp |""‘é°‘é?|“§8 8??81%%?0 aﬁf ﬁ%ﬁ%ﬁ?ﬁa ht yéggg%?:%gté 3‘“{%&3@‘?‘%@@ entified
as one by an 'Outline macro due to insufficient tightness of the Radius
IR atticsdting. Syt snaiffFeniier aHer E6 UNT RIARIGARCAYGs BBeIPRises
(adiegudpHyeadoat) imedtd (CorGallS. ATakerRaividalowBhariwouidl. 2005
f@@m)t%f&%rﬁe; r%@%éﬁ%iﬁﬂhéﬁé%&bﬁiﬁtblgcﬂ&ﬂ leiudSidesisions
rom pages 2 an ill. go on to interro t rfire Re r the
tPel%%/rg’nt 4,2 &5 pées%g%%g??hsélcr%g?gﬁ% %%%1 iggs],?/s,%%iggrll g%?i Br‘?g)gliginég
ey erPriRfeP Snidentified if its size and/or fluorescence does- not fall into
the defined ranges. There will not be double calls with-this flowchart, but

thisdsialthaEskaof mis-identifying low intensity tags or doublets as
described above. 2D Example 7 ES Cell Differentiation using
Combinatorial Cell Culture and deconvolution of results using labeling
%6856 25 In Combinatorial Cell Culture, ES cell colonies grown on
microscopic beads are shuffled through multiple combinations of growth
iporcktions cdifagtoa @R BphitSysehmetboiitlbgy accompanied by
@%&Q&fﬁ%ﬁ%&%mﬁi@t(ﬁ@@}@t@ﬁﬂﬂ%@me%, any -beads bearing
ifferentiat | ifi isQlated; and the associated tags
%%agn%@iggo%ﬁﬁg%éﬁeﬁ%eg 5}%&%@%%@? -Irr?history. An example of this ’

rpeR gdegka G il Wgsﬁﬁgrﬂ?a%]&y‘ tic differentiation of mouse ES
wetlsrdeasfroiied SiEsERCPhE IdEEEIBPHBHEPYSEEMAfCE haematopoiesis
isurRlatheeigphage colony stimulating factor (M-CSF) (R8I Systerns, 416-ML)

murine interleukin 3 {E-3) (R&D Systems, 403-ML)

human bone morphogenetic protein 2 (BMP2) (R&D Systems, 355-BM)
human fibroblast growth factor (bFGF) (R&D Systems, 233-FB)
retinoic acid (Sigma, R2625)

bovinednsulin (Ins) (Sigma,.18516)

insulin/transferrin/selenium supplement (ITS) (Sigma, 13146)

Microcalfure

CultiSpher-G microcarriers (Perceli Biolytica AB) were hydrated and sterilized according
to manufacturer's recommendations. Biofinylation was performed by additien of 10mg
Biotinamidohexanoyl-6-amino-hexanoic  acid N-hydroxysuccinimide ester (Sigma),
dissolved in 0.4ml N,N-dimethylformamide (Sigma), to 5ml of Ca®/Mg**-free PBS (CMF-
PBS) containing 3x10° microcarriers and incubation overnight at room temperature,
followed by 5 washes using an excess of PBS. The biotinylated microcarriers were
stored in CMF-PBS.
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well charted, and many of the recombinant growth factors that influence
cell fate are 35 known and readily available, nevertheless directed
differentiation reported in the literature has used materials and methods
(embryoid bodies; semisolid culture media; 49 supplementation with
animal serum) which are cumbersqme and undefined, and which we have
sought to eliminate using the experimental power of the new technique. In
particular we set out to differentiate mouse ES cells to the monocyte -
T e e o pper
R., | g . : : - : a .
AR Tt e R e
(hiirfhiot ol Gieserridt Sherprslindbariemsin phABBL oSS B oRtBras Lt
Sigtigeass 100Mstariaiskant igtilogsFRtadeiftsChamins)sadrfiage||nvitrogen

JaelorHKRGE) frefisystems, 455-MC) 15 murine thrombopoietin (TPO)
(R&D Systems, 488-TO) human erythropoietin (EPO) (R&D Systems,

287-TC)' human interleokin 6 (IL-6). (R&D Systems, 206-1L s
Gt GG TR B (PR o R SR 220 o) e
micrcrosa gaLetny Ju et g AMBM (Fbask) (e 5PSFsttn S e - 3A%
RBvetrapnetinke devkin R4UmB)ifRE&D1 Sy $tdmhs; tHOByE)! (idTtafiboal were
T et Sy Koiominlly v e
[ - SE . jnoic acid
AT Baae b S S TR s
insulin/transferrin/selenium supplement (ITS) (Sigma, 13146) "
Aiclioouitol s<Gdid SphroraB ieridrd@arHerds| e ieidn tita reEfapesigehyde
(@y@ﬁa;qg» _anﬁlﬂﬁtgfi lize drasearahage30desndad wiaehd crtst resiopdméh datitms.
gb%t!ﬁﬂgﬂgnﬁﬁgﬁ%g&r@%m@%itj@w&ﬂm@bmatoﬁes) according fo the

Biotinamidohexanoyl-6-amino-hexanoic acid N-hydroxysuccinimide ester
TEIYTRR} CHrRRVEL T 0.4mI N,N-dimethylomiamide (Sigma), to 5m1 of
Ca2'/Mg2+-free PBS (CMF-

Combinatorial Cefl Cufture

Seeded microcarfiers were fransferred into a 708lm nylon cell strainer (Falcon) and
washed with 15m! PBS, then transferred info an excess of medium B (Stemiine™
Haematopeietic Expansion Medium {Sigma).-containirig 1.5xT0-*M MTG). On days 1,.4,
8, 8 and 10 microcarriers were split equally as required by the experimental plan and
-each sample incubated it wells of & 100mm; 25 well, square petri dish such that each
well was loaded with approx. 5000 beads in 4ml medium B containing_the relevant
chemicals .andfor growth factors, and 1x10° streptavidin-coated microsphere {ags. This.
-procedire was followed for each.split-pool cycle excepit following the split-on D10, when
microcarriers- were not tagged. Following 10, tHe niicrocamiers were processed

separately (i.e. not pooled) so tagging was not required.

On day 13 of the experiment, 1mg of the macrophage assay reagent DQ-ovalbumin
(Molecular Probes) was made up in 0.4mi PBS and added fo each sample at a dilution of
1:100. Following incubation for at least 4h, the medium was aspirated and replaced with
PRS. The samples were examined on a Nikon TE2000-8 inverted epifluorescent
microscope using a FITC filier set to identify microcarriers bearing farge, round cells

internally fabelled with green fluorescence.
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PBS) containing 3x105 microcaniers and incubation overnight at room
temperature, followed by 5 washes using an excess of PBS. The
biotinylated microcarriers were 35 stored in CMF-PBS. 50 D3 ES cells
(ATTC no. CRL-1834) were grown on gelatine-coated plastic in
KO-DMEM containing 15% knock-out serum replacement (KOSR), 1%
non-essential amino acids (NE 1% Glutamax, 0.5%
penicillin/streptomycin, 0.1mM D-mercaptoethanol (D-ME; Sigma) and
10000/ml Leukemia Inhibitory Factor (LIF; Chemicon); all from Invitrogen
5 unless indicated otherwise. On the daﬁ ece%hncq d%4 tr?aess_b
PesterrERE RS SRR RENPTE & P HRTTS A Thitocaners caunbrated
assamBei (B N GIBaBIAL B Seltose PISsRFEAA (B 89)k SRS s
altl BnedMaRdVHE 3100 3ontih, | Folimiadhg. @xmmmhm@mms(w@ bSRsATR))
a?%%ﬁ IPmaddeddq:100ml of medium A-containing 3 x 107 ES cells,
aliquoted equally into wells-of a- 200mm squarepetri dish (25 wells; Bibby
Sterilin) and incubated overnight An aliquot of seeded microcarriers (-100
Te#ads) were fixed in 4% parafomialdehyde (Sigma) for 1Dmin at- RT,
washed and re-suspended in PBS, and stained with Vector 15- -Blue
AAuﬁHrs@ B9 sphatase-obstiatansinD k(Meatatdoali Skatesies), atepiality-to
oS1Ed D %@Jﬁ%@g&%@&m%oﬁmgme&qra& GatpCUikHaBRSeraed,
microcarrfers were tran feré d thN 3573'9‘ ylog %%I @g&{e(g@%gg&r
“gnarh’ﬁvg'gﬁ’@ﬂcﬁnﬁ?tfegm ransferred into an excess of medium
(@%&eﬁnI|hét?%eﬁaé‘téﬁ?me%%aﬁﬂiﬁ\ﬂé’a|UWZ§@mé‘5‘%oﬂiﬁfﬁ?ﬁ‘a‘w
NI ObNIMHESS) (st alatsie_irden6itid aheltid irefiorRaicrs Wdierdpiiets of

gRdually agLeauiied by.theexRafiRestalwian @osmeaaticamplsipeutRted
‘%Ei&vé?fg%‘gggdgﬁ% Imturogﬁ'él %H}%l‘g p%tr{hglsmM%EMSEm&ﬁo\‘\@”to

rox s In 4m1 medium cont
pr@e%ﬁfﬂEﬁwaﬁé%ﬂfaFE&&ﬁ?n Fmt@%eaﬁaei Lﬁ [fl ogated

werienospinehe agirfnstightededure was followed for each spllt pool cycle
except following the split-on D10, when microcarriers- were not tagged.
g ﬁ%ﬂg D10, the rrncrocarriers were processed separately (i.e. not
So tagging was not required. 30

Tags were analysed by -microscopy. using a Nikon TEZDD0-S inverted epiluorescent
micrascope equipped-with filter sefs for visualization of the fluorophores. TRAC, DAP
(UV2), GFP-B (all from Nikon) and Cy5 (Chroma Technology). Images were captured
using ar-Evolution VF cooled-monochrome camera and image analysis was using lmage

. Pro Plus (both from Media Cybemetics). The -ouifines of single microspheres were

captured using bright-field illumination and the areas within these calculaled to size the
tags. The areas’ fluorescence iniemsities in the- UVZ, Cy5 and- TRITC channets were
used to further specify the identity of each tag by tomparison. f© reference samples

containing known tags {(e.g. Fig 14).
Resulls

An experimental matrix of cell culture conditions is devised which we hypothesised
contained one or more pathways capable of directing ES cell differentiation io
macrophage (Table 1). The matrix was comprised of six alternative culture conditions on
the first day (D1) of the experiment, followed by six alternative conditions ort D4, a further
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On day 13 of the experiment, 1mg of the macrophage assay reagent
DQ-ovalbumin (Molecular Probes) was made up in 0.4m1 PBS and
added to each sample at a dilution of 1:100. Following incubation for at
least 4h, the medium was aspirated and replaced with PBS. The samples
were examined on a Nikon TE2000-S inverted epifluorescent 35
microscope using a FITC filter set 16 identify microcarriers bearing large,
round cells internally labelled with green fluorescence. 51 Positive

microcaniers were transferr lpette. | I Welhber of
R S PR R VA0 s
oppOlRR R EART ST B e PTRR BT At S0 oS
clotleningrindricesiade Hreor 2886 (T Gx§38Hic e Seds manphyaasitng Al
Sl HaeeHB e SEhohEDdRg v Spedachveticompiisiggydn of
nORRH I%‘%&a@pﬁféﬁé%‘?&&?ﬁtﬁf%ﬁ%ﬁéﬂ'iﬂ-guﬁgﬁﬁ%ﬁﬂﬁfﬁwmﬂﬁemnt growth
microspheres, was commissjoned from %Qn erjmatgcg)r stesh@%%b%iéw
TSt RYRNSER ARTHR 5 SEtSWWas S Tunction of the microsphere |
deieinpment (14 SAETATBTHIR 18 ATFHOBRENIN 7297 SRS F A alig =S -
et TERGEITE c2 B isxin Ghdig hth ésnahpetl AR VaSirfiehsities of either
Starfire Red or UV2). Aliquots of these 50 sets were further conjugated

Ayihdetameitybodaming S and: kil SisaihingRaaifBITGidnylengen)
achoFglng to ﬁ1e manufacturer's instructions pnpr dyce 'msa%ﬂgi“é{&%ﬁ
iy dSer e ta s e B eReR & 'sal! %Efrﬁ(g?ﬁ{gﬂriy%%t?n&?vog Tags. were
nesiide ot rkelinsephorphaigra ey 7y BnaRMSEa o aglhdiavalRa e ny
WENCEQSEMRYCHISI g sadyilianrTigAG S sihiecrtatbiagifion réscadiionsicrestiepe
eaRpsdaiiiiterselisdonyissaliaton Rbiefoaseah ass-IRbECHDAP|
(UV2), GFP-B (all from Nikon) and Cy5 (Chrome Technology). Images
GVt Egptured using an-Evolution VF cooled monochrome camera and
image analysis was using Image 25 Pro Plus (both from Media

Cyhe trelios)y Trbeoutiviensof amgdmaleloineEs sweted EipRsAsEPLEMRYS
Deighbfielshibminationsans dam areatchtiinihese saieulatet sHdthex
3l DA BT AUPESEPERUIRRRNIE5 PR Y DB erd RESRRA,
;?oo?ergi?%nsd Vr\g?}%%m!y spiit again into six sets each.of which was cittured inone .of the
media specified on D4; and this spiit-pool procedure repeated on DG, D8 and D10. Each
s#ime an aliquot of beads was eultured-in a different mediurr, those beads were labelled
with a unique tag; except on D10, following which the split aliquots were handled
separately and thersfore did not require labeliing. Thus, the-movement of ary given bead
through the various culture media could be inferred by analysing the collection of tags
associated with it. The labeliing strategy we employed involved an- array of uniguely
distinefive, streptavidin-coated- flugrescent” microsphere lags which bound io the

biotinylated microcarrier substrate.

At the end of the experiment, D13, the microcarriers were expesed o a hyper-
fluoresceinated (self-quenched) ovalbumin antigen. This reagent is known fo be
specifically internalised and digested by phagocytic macrophages, thus dispersing the
fluorophore and giving rise to a bright, intracellular signal (Fig © & 10). On screening the
beads we found that approximately 100 (i.e. 0.07% of the 1.4 X 10° input beads) bore
large, round, internally fluorescent cells. 1t was assumed that these beads had hsen
passaged through conditions that were either permissive or instructive for ES cell
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used to further specify the identity of each tag-by -comparison to
reference samples containing known tags (e.g. Fig 4). 30 Results An
experimental matrix of cell culture conditions is devised which we
hypothesised contained one or more pathways capable of directing ES
cell differentiation to 35 macrophagf (Table 1). The matrix was comprised
of six alternative culture conditions on the first day (D1) of the experiment,
followed by six alternative conditions on D4, a further 52 eight on D6,

dgﬁe%&gheoae 8 ”W%aﬁs t %géwég%ﬁ?'%ﬁgafégfﬁsh%pﬂ%%g{%%@?@h%? berof
s By rouch s e e, s BB fUEE Toie -
gatatriesqpiermten st eYRRICIPIRRR RRthiiBHs WRPR Ba%e 886??%{‘58 using

fePeaRaRE IRy RYailablevattliumepd dohlydrmits growth of 5 human
haematopoietic progenitors, but varied in supplementation with different

s factors apd mamnegansABe R RTenge WPSCURRR faumalion.

evelopment and commitment to theﬁnacr ha%?tlnrégeage
unrcabigHaHsbkgaRegoREeR AP FPUMTBT™B 385553 SFATS0%E FEGdH I s

batsATnR. BOSRTBIBEO 1 G P Ns6rENbIHD GBS eIk fﬂ\/@?ées'@@ﬂed
cOrRDigtaNipietsnarraporaus 4gekatine. miciocamsasdeetitdm the gpreserice

of CEIF sisidheyiormedisel 68lenieriat stained positive for alkaline

osp at se activity (Fig 8). Following LIF withdrawal, the beads were
systematically passaged through all possible comblnatlons of copdltlon
Sepecifieal FPRETEXBAFM SRS %&ir\%‘?‘{%fﬁ e ivatpLlAcRe JTBSSOP tees: &
wﬁkﬂthﬁﬁi@t@pyit&&ﬂie&mrﬁimﬂundﬂ@emfﬁmglfﬂtt{ﬁ@‘%dﬁﬁﬁlﬁg éeha
sﬁé@%i%ﬁ@t@@%@ﬂl%%@'é’cqlséd(tﬂtﬁﬁ@eeﬁ@dammaﬁmmbms different
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oIe ran It again into sIX sets

histach-of fetreses @aﬁn#@/dwhe%8V§5F¥Hébei‘+‘f&ﬂ%a§|51§gfﬁl$8toﬁ%ﬁe%§5t is
TRl tvees praredhte s ep eateticon D6 dfgrendDdes EitsH ainteedsafidiat of
ng dsavas cHitresma pshfferentapaedivee, theseobendgniese dahe bedly
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A batch of pluripotent mES cells seeded on microcarriers was divided into a serfes of
aliquots, each of which was used fo test one putative differentiation pathway as defined
by Combinatorial C&ll Culture: Ambiguous pathways {e.n. A22 and-EB) were tested by-
assaying each alternafive in parallel. Using this method, bead A22 was determined fo
have passed through conditions 1.2— 4.2—+ 6.4— 8.2~ 10.3. Similarly, the -route of
bead E6 through the mairix was T.2— 4.2— 6.3— 84— 10.5¢

It is interesting that these pathways which produced macrophage had certain conditions
in-common. In particular, freatments on D1 and D4 were consistent in all three, possibly
revealing a requirement for those conditions in the generation of haematopoietic
progenitors using this system. When reproduced, these pathways consistently resulted in
10-25% of all microcamiers baing decorated with substantial humbers of macrophages
(Fig 12). Deviations from the optimal pathways were found to be generally defrimental fo
macrophage differentiation. Similarly, when random pathways through the matrix were
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separately and therefore did not require labelling-Thus, the-movement of
any given bead 25 through the various culture media could be inferred by
analysing the collection of tags associated with it. The labelling strategy
we employed involved an- array of uniquely distinctive,
streptavidin-coated- fluorescent- miggosphere fags which bound to -the
biotinylated microcarrier substrate. 30 At the end of the experiment, D13, *
the microcarriers were exposed to a hyper- fluoresceinated

{seisauenebediny alb yratuantigafophhis:raagemtdisknpadeidevers found
gl?g%%l; %I%ém%r&aggqga%ggﬂggsted by phagocytic macrophages, thus

dlspersmg the fluorophore and giving rise to a bright, intracellular signal
(Fig 9 & 10). On screening the beads we found that approximately 100
Gopclogrs, of the 1.4 x 105 input beads) bore 35 large, round, internally
fluorescent cells. It was assumed that these beads had been passaged
K ugh foRd Iﬁh@@scmaém%%&.ﬁiﬁa%m&m&/@s@rglreﬁﬁmat@nm e caths

%fiefeg'%é‘“o“t RSO %s Pn%a&ac@ngsg J@;&% Qﬁr&oéxnef,menta;

d to deconvolute their cell culture h |sto
%/ng o

o e R X G SRR oL PB4
riffemststioufdhagerpiviempepeieste fimssadByspigenog resk enlggse number
Brigsestapyataleysethbydimpgednaly sisend oty tresasierbwascdentify

laheligd.with lacae, wsakers ahiegs oagr&tnv&hiﬁ@ ealllls: Qﬁ]mgfégléﬂb{

cat orlsed into fo rg]fg?remc ﬁ%(;gle e%!&r& 351?0?3%}‘1"’3 ?P

Bed rr”o”ff frthe experlmental matnx or Instance, bead Cb was
ﬁ?‘f‘i’éﬂ?@”?&ﬁ%‘ Watresponding to the pathway 1.2-* 4.2-. 6.1-4 8.2 and was
isolated from the group of 10 beads finally partitioned into condition 10.5
f5ighida)e Some other microcarriers (e.g. bead A22) were labelled with
Iarge numbers of tags, of which the majority fell into the four different

ecies acquired through Iabelll mall minorit eared to. be
(ﬁ‘fﬁ ?%’ooﬁﬁ‘gﬁsd’ﬁeéﬁfé’ﬁﬁ%ﬁéeﬁan ‘g[dv%een erm'{ E}:r)nlcrocarrlers

(Fig 11b). In most of these latter cases, there was a large excess of one
Folasentf dadirwinsie@llowed a measure of confidence in deconvoluting the
cell culture history. In-a. few cases (normally where overall labelling was

-mefﬁcg.?qt &4 l? éijg%%é%ﬁ{esyvere equal numbers of tags from two

differen speues ame day,
¢ Sigmacote {Sigma SL-2)

» Glass microscops slides

e« €8°C even

e Home-made humidified box
» Giycerol (or Cififluor)

e FoOrceps

s 13mm-diameter giass coverslips
Methods

Microcarriers are digested individually to reveal the complement of tags that are
attached. Digestion is carried out on a glass microscope slide (can digest up to 6

microcarriers on one slide)
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giving -rise to an ambiguity (Fig 11 c). Both these types- of ambiguities
were easily 20 resolved on further rexperimentation to validate the
results, as described below. A batch of plumipotent mES' cells seeded on
microcarriers was divided into a series of aliquots, each of which was
used to test one putative differentiaign pathway as defined by
Combinatorial Cell Culture, Ambiguous pathways -(e.g. A22 and-E6) were
tested by 25 assaying each alternative in parallel. Using this method, bead

- A2Z9eas dleierminestips havespassedifirasgl cangditenscb@-. itbiding . 4lide

8. Zﬁuﬁ%ﬁm%s&%éﬁﬁ%% Q?ﬂgz%@ Shiokghiheg MY%V\@?\M% fhat
2-.6:3-* 8.4-. It is mteresélnﬁ aVhesel athwa%s wh|%h g eul
maér%%’ﬁa%g%%%’é"@e%ﬁms ttiona: 30" iR=EEmon h part u&‘?“ Caretuly
tredinieh idsramhremey pawBacsitsisrBibsedgetibe, %@b@%@%ﬁ%@ea
require heemet ferd hossucotditdndtin fiesteriesatigneodth dormatopdietids way
progﬁrutpaﬁd@ia@ %ﬁawagegbrw&zﬁ@ s BIAsIERI:JRBRENARWAYS are any
consistenty % OJr%“tﬁn'gré’i%za%%gé%Q&r” ‘3??8{ Aed it
ers o

substantla n macro a es eviations from the
optiﬂ?aﬁ"ﬂ%ﬂ?%a%@%é@?fﬁ}ﬂar?g%s aﬁﬂéFari?C&%ﬁf‘rﬁ@rﬁé‘ﬁeto 35

macrophage differentiation. Similarly, when random pathways through the
maliswe tesb4itastetfortthe aliiitydo predueenmaeraghaghenaretiesive
Prolaaels WeredQunfRugaesing taad thess %rﬁhﬁ?éﬁé@{@l}fﬂ %&fu[ly remove
Conc usions. 5rAn exampl Ie %‘EE’IEOSIgeIIr%HLe‘r nyation.is qescrg Qé‘e ng
Com mautorla'fsc?c"?‘fr&ﬁture eatufing t he Lse o}'?é’B}ﬁ “[ P

proveSegiass rlider tf B Etvars aiiﬁﬁ% REPrHaix %B?ﬁph%ﬂﬁ gjomg?fo
14 0eCsttiteiwh rieiie ehovehprotispotd! fiie conditions leadinglide (ensure the

diffesientiatien terdhamanes WedBasophagrtineagtsrByf SCREBIKIY SHEbA
large numbe 10 o poteoial pathways.and ysipg.apuitable labeling

strategy it was possible to identify multiple differentiation protocols, and to
overcome the use of ernbryoid bodies and animal serum, one or both of

whiesrafHlyriparally R EUF B TR OTSEy IR AFhieYD SHAGE eIRRRRSBIRB I e
vitrmick&cExample Sithigestiba f€dRispireshe@dnidfogarriersnn.glass
slides fortag deconvolution
Make a fresh 5U/ml solution of proteinase k in dH;0O (hote that the concentration of
proteinase k stock varies betwesn batches so the dilution-should be calculated with
each new batch (eg. Stock solution 1230U/ml to 5U/ml = 5/1230 = 1/246. ie. 1in 246
ditutionrr-of stock solution in-dH,0)

Prepaee a humidified box in which the digestion reaction will ba performed (a 10om x
tBcm cell-culture Pefri-works well with disposable plastic pipettes-cut fo size fo fit
along 2 sides. Place water-wetted fissue inBetween the pipettes)

Carefully but quickly pipette 0.5p1 of 5U/ml proteinasek solution directly onto 4he
dried microcarriers (this can be quite fiddly as 0.5pl is a very small volume and will
evaporate quickly outside the humidified box). Once alt the microcarriers have had
proteinase k addad o then%, place the slide in the humidified box and cover with a lid.
Leave at room lemperature, protected from light as much as possible, until the
microcariers have dissolved (fypically 30-60mins). it is necessary fo remove the
slides from the humidified box to check for complete digestion and this needs o be
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Reagents and Eagipment 20 Proteinase K (Sigma P4850 1ml)
Sigmacote (Sigma SL-2) Glass microscope slides 68C oven 25
Home-made humidified box Glycerol (or Ciffluor) Forceps
13mm-diameter glass coverslips 30 Methods Microcarriers are digested
individually to reveal the complem%gt of tags that are attached. Digestion
is carried out on a glass microscope slide (can digest up to 6
microcanlers on one slide) 35 55 Coat glass microscope slides with

Sigmacots in flime,heoshbeidingeidambarizomtaty ocmeafidhs pinesteok ol

of Sigmacote gnto the tol%ggi;[hgln lide, ensuring that it covers the entire

gl YRR PR QLB I IACE fOr Approx 30s and then carefully tip the
slide and remove the Sigmacote from the edge with a pipette. The
sigrecettisian dyabteavised v s dawn wontrleleyesaiedt srme Birysidedte
is [RmeNSadn dhisanmy st dalownanis remainiagpGitm at ke foteinase k

evaporate cam let e ch&efirmiosaaceler el apptbe 1
sliaeno@l’fS tﬁ@r %?eggqﬁsér%g‘g@r wﬁge%hﬁéé:surfacg) %fsltlgg_slide wigﬁ gIO\?ed

fingUr e PrUa O BliE R BR B E SRS BRstive
that-microcarriers to be digested have been carefully washed in dH20 to
remgvaignabiraces abmediunrdditéolsaltse Uuiddaas Giingigerdagyold air
capgisiy rRmvEHASIVA BLIURr e aIiarsoTOm dhendidgOdmemovinitat by
VORI LAR 1R ARG LR BSR Al ISl Al RANEY S
netessary 1o pipette the whole 1-2pl volume onto the slide ust bipette
endamREH RIPSIR A FFIER 8@8‘&"%%‘*5%%“{%“&%d’raé"*‘tﬁ’e‘_"f?; .
-mitisekmrisrisavesiigficksmpysspnities EBWIEE S FaEHRASCH RS
WitRet the coverslip to settle (the glycerol will spread. throughout the entire coverslip
Protect slides from light as much as possible but be careful not to disturb the

coverslips too much and spread glycerol over the surface.
Analyse tags using 2 microscoper

Example 8

Digestion of Cytopore Z microcarriers

Reagents and Equipment

‘Lab coat, safety-glasses, gleves
“Hydrochloric-acid, 37%

Petri dish

Thin-walled PCR tubes
Sigmacote (Sigma cat # SL-2)

Citiffuor mounting medium {Agar scientific)

&

L]

[

&

Method
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-overlap - 5-6 microcarriers per slide is achievable with care) Carefully
place the slides in a. 68t oven to achieve complete -dehydration of the
microcarriers and sticking. to the slide (10 rains should-suffice): 20 Make a
fresh 5U/ml solution of proteinase k in dH20 (note that the concentration
of proteinase k stock varies betw% n batches so the dilution-should be
calculated with each new batch (eg. Stock solution 1230U/ml to 5U/ml =
5/1230 = 1/246. ie. 1 in 246 dilution-of stock solution in dH20) 25 Prepare
SR disel hoy BABIELNG AEERIon seastiensihaeiaripEnadda o
X et Cal CAtre et suoriG sl it diRosale plaslic plgiess put
ceppreeth Aii2ardRY I SRS BlacoWatE Wetle tissue inbetween the
ingifeittes)B0PCRisheliy BUTFORRKFHiSE IR EHPEGHSO i proteinase-k
solution directly onto -the dried microcarriers (this can be quite fiddly as
2.$p@és§4@dm%md§m%&%ml 3 Mtbr%@@@amﬁmmmmﬁamﬂfd
umidified box). Once all t [
o RIS E Rt v AR IR A, B e
at roSHh dERYISTERRE! B BRELEST HAMAYATHIIGE 88 Hossible, until the
35 microcarriers have dissolved (typically 30-6omins). It is necessary to
repnongidhg aslides fremithedtmidiiacdbetettocietk Toraurphess bigdstion
and this nERAS 4016 PR FURIEHAm aisk haspossible before
immediate return of the slides to the box to avoid evaporation of
proteinase k soln) Once satisfied that the microcarriers have_!_comspﬁjtel
didsoRlsg, herkibodn REhSIEL OB IH N Rieh B A ftiaw fo 2t Al fSora tafp
to allthat etvaperstiona thespvotevainsteciointitaisviid robectlufing 2
quickiydyRlage the slisesdind 3L mvenrfamippidretossmins taeearssieuld

comqle\t{g gg{iﬂ% gﬁgre.,[gllsﬁgggd tags onto the slide). Carefully add a 6pl
drop of glycerol directly to the dried tags, taking care to avoid air 10

bubbles (if air bubbles are present in the-drop it is often easy-to remove
thém Tsatsierind-Rgree eVl 89BFC¥Ring forceps, carefully lower a
.dust-free, 13mm- diameter coverslip onto the glycerol droplet, taking

exéf.eﬁf’rsa?%{ﬁ? Eﬁb@ft’@ iﬁ’p&”ﬁﬁ%@ot&, ensuring.that it dries completely, before
carefully removing the HCL Ta the PCR tube containing-the tags.

6. Deposit 1y dreplet onto microscope sfide. Invert so-drop is hanging drop and
incubate in 680C dry over until completely dry (15-30 mins). Add drop of Citifluor

and coverslip. Analyse tags using a micrescope.
Example 10
Labelling cell units with-rod-shapedtags-
3500 CultispherG microcarriers were seeded with D3 mouse ES celis in a single cell
suspension at a density of 50 celis per carrier in 2ml growth medium comprising KO-

DMEM + 15% KO-SR, 100U/mi penicillin, 50pg/m! streptomycin, 2mM GlutaMAX, X
NEAA, 1000U/ml LIF, 100pM BME, and the cell units cultured overnight at 37°C.

Neutral red vital staining was performed on the cell units prior to addition of nancharcode

particles to confirm viability of cells before particle addition.
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(it is almost impossible to remove air bubbles from under the coverslip
once in place). .Allow the coverslip to settle the glycerol will spread-
throughout the entire coverslip_ 1S. Protect slides from light as much as
possible but be careful not to disturb the coverslips too much and spread
glycerol over the surface. Analysetoaags using a microscope. 20 Example 9
Digestion of Cytopore 2 microcarriers Reagents and Eguipment 25 Lab
coat, safety-glasses, gloves -" Hydrochloric-acid, 37% Petri dish
Thin-walled PCR tubes 30 Sigmacote (Sigma cat # SL-2) Citifluor

mounting medium (Agar scientific) .Method 57 Followi it .
SRR TOESR PSS GBI et 0P (o A bl
nenpnfsrenilise RS Rt Bk ﬁita%:h%"dﬁ%‘fg%"s’jﬁ ot 61 fdRAR LAY R PR Ers
fisncantiecoHkdinaatts|fidiadien, RERtwhenssrimirmrl Gielarbicks zesrmt
THI9Bk-BL AR GeSyhatbiavs individurlooptopoERe2: Misgasarter Aulages(weelis)

1%%‘%5‘%% t&g In smallest volume possible, typically <2 pl (20pl pipette

Work well) and deposit into Spl drop of 37% HCI in petri dish.
Move quickly to next step... 2. Quickly draw up the microcarrier into a__
Aoipeitts O the rad-shabesh dadisiissemientAedFowmdhp BiSRb ATS P e 1R
deeRitidpe and-piasedbienicard. Biaseetihertubetania BiS:manbyeie poihtdater
ﬁl%%%é&&@&?ﬁ&é}?&al iR (shegkcthahBamcanicehas dis;_smbuedzbﬁweﬁb
INnspection thro tne t g r9SCco [ _ I y
e e R e S

ingRaled 2t PRI ARTBSEUEESEAKE: with Sigmacote.

After 24 hours in culture the labelled cell units were placed on a 70um filter to remove
unbourd rod-shaped particles and washed 5 times with Sml PBS. Individual cell units
were removed and the comtinued viability of the D3 cells in the presence of the rod-

shaped particles assessed by neutral red vital stain.

Individuat celf units were deposited on Sigmacote-treated glass microscope slides and’
placed at-68°C for 10-15 mins {o enstre cornp!eté dehydration. Fresh 5U/ml proteinase
k in H,O was prepared and 0.5ul deposited directly on the dehydrated material. Slides
vers immediately.placed in a hurmidifisd chamber uniif the gelatine material had digested
{typically 30-60 mins) and then removed to a 68°C incubator o aliow complete

evaporation of the preteinase  solution {typicalty 10 mins).

A 5pi drop of glycerot was applied-directly to the dried spot.and a-13mm round-coverslip
applied. Microscopic imrages-of the released rod-shaped particles were captured using
brightfield-illumination with aNikon TE20005 inverted epifluerescent microscope.

Discrimination of the rod-shaped particles in the sample was achieved using a

Deltavision RT microscope equipped with 2 Hg tamp and a Chroma CFP filter set (Ex.
436/10; Em. 465/30) with a 100x oil immersion objective.

Further Aspects

Further aspecis and embodiments are presented in the following numbered paragraphs.
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5. Treat 2pl pipette tip with-sigmacote, ensuring -that it dries completely,
before 20 carefully. removing the HCL in the PCR tube containing=tire
tags. 6-. Deposit Ippl dreplet onto microscope slide. Invert so-drop is
hanging drop and incubate in 680C dry over until completely dry (15-30
mins). Add drop of Citi luor and cqyerslip. Analyse tags using a
microscope. 25 Example 10 Labelﬁ%g cell units with-rod-shaped tags 30
3500 CultispherG microcarriers were seeded with D3 mouse ES cells in a
single cell suspension at a density of 50 cells per carrier in 2ml growth
medium comprising KO- DMEM + 15% KO-SR, 1000/ml| pgnicillin,
1TSS AR AR TR RE RAT BE000mi LIF, 100M
(3ME, and the cell units cultured overnight at 37C. 35 Neutral red vital
2StBjgingnNRS RetaNMeD eargeysiel , uniis qiri tretonitlitiver 6 RaPdaheode
RaStgles 19 senfim yiahilinyafeells before particle addition. 58
éuspensmns of rod-shaped particles comprising 6 micron-long Ag/Au
coated aluminium nanowires (Nicewamer-Pena, S.R. et al., Science 294:
31 Fhel damRe0 85 REIRI SP RAREEFPI InP ORGHIER He AR T IIRSGROR " UK)
nadrebeat enfiation ot 2nd/0pautis eygesphae SN MERSodes designated
101010 and 100001 (where | = Ag and 0 = Au) were used to label the cell
ALl A S3Ple ghihe o hnerAEIo aR SRTAN P itasinek
“and sterilised in 95% ethanol for 1 hr before washing and resuspension in
IShIRYBRE. A mixture of the two 10 nanobarcode particles was added to
-875-cell units in 2m[ medium in a well of a 2 -wel cell culture- dish at a
statiee afoh PR patticleg pepaelraphit, THerel| beltiverceieh wissspiaiditet
ol mONRLAIGeRN an orbital shaker. After 24 hours in culture the
abelled cell units were placed on a 70m filter to remove 15 unbound
rod-shaped particles -and washed 5 times wjth 5m1 PBS. Individual cell
e S R R R T
cpresetateraddiiedrGiMisivipesbirifticles assessed by neutral red. vital stain.
Individual cell units were deposited on Sigmacote-treated glass

ﬂ%&oéo%&&%&%ﬁ&% paragraph 8, wherein the complex comprises a Cyfopore 2

microcarrier and a CML ricrosphere.

8. The complex according to paragraph 7, wheteinr  the tatio of CML

microsphere:Cytopore 2 microcarrier Is about 1:1.

9. The complex according to any of paragraphs 1-4, wherein the microbsad is a

polystyrene microbead.

10. The complex-aceording to any of-paragraphs 1-4 and 9, wherein the microbead is

streptavidin-coated.

11. The complex according to paragraph 10, wherein the complex comprises a

Culfispher-G microcarrier and a polystyrene microbead.,

12. The complex according to any of paragraphs 3-11, wherein the fluorophore is
TRITC.
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20 placedat-68C-for 10-15 mins to ensure complete dehydration. Fresh
5U/ml protemase k in H20 was prepared and. 0.5p1 deposited directly on
the dehydrated material. Slides were immediately placed in a humidified
chamber until the gelatine material had digested (typically 30-60 mins)
and then removed to a 68C incubatgQr to allow complete evaporation of
the proteinase k solution (typically 10 mins)_ 25 A 5p1 drop of glycerol
was applied-directly to the dried spot-and a-13mm round-coverslip

PlieduMig" e Imaaes;abi Regrednabaned ARitclemee 2
e
B ASRIRE BT PHRIB e 9 ‘61?38#,“ ination #ﬁ the rod-shaped particles
in the sample was achieved using a Deltavision RT microscope equipped
withadlgdamp aanctdinG hooraedCiR fillerseti(ERe ARG/ DOSE i465B0) an
With,& 40R2x%Qil immersion objective. Further Aspects 35 Further aspects
and embodiments are presented in the following numbered paragraphs.
59 1. A complex comprising a microcarrier and a icrgslphe{r? oF lex i
HicrBiseRgthed PREPHHIR SRR RSB B 10 BETEGPR PR 1 I elfF REnPex i
eaiteoied il ieoteiCastiEpeabat 8ORIErSRrrier or a Cytopore 2 microcarrier.
3. The complex according to paragraph | or paragraph 2, wherein the

RICTRSRBGE Rt RUiGieReRd inpdlieeaerhandigrgaiauseshaicaspbese,
or mlC[Ob%%%t to cf%bln?ﬁc ugrrég;géoacqgvdﬁ%q{@l any of the preceding
ar?gré?’é}ﬁhs, Wierem-the microcarrier. is iotinylated. 5. The complex

according to paragraph 4, wherein the fluorescent microsphere is a
hg:dTop mktedierosdinarie. pREagralinéScwhepnCA¥JdFd (ng2d) fraverstaph -5,
wherein the hydrophilic microsphere is a carboxylate-modified (CML)

RICrPSPHNRs adddffs W%a%;ﬂrqm-&@ar%a@mmf@m@ex is

.complex compn?,es a %too[%or 20 microcarrier and a CML

FH[E?SE"HH’@%HC' or about mutes

19, A method for determining. the effect of a pluralily of culture conditions on a cell

comprising the use of-a complex according to any of paragraphs 1-12.

20. A method for determining the effect of a plurality of culture conditions on a call,

camprising the-steps of:

(a) providing- a first set of groups df cell -units each comprising one 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) optionally, repeating steps (b) — (¢} iteratively as required; and

(e) assessing the effect on a given celf unit of the culture conditions fo which it has been

exposed,
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- 8. The complex according to paragraph -7, wherein the ratio of CML

microsphere:Cytopore 2 microcarrier is about 1:1. 25 9. The complex
according to any of paragraphs 1-4, wherein the microbead is a
polystyrene microbead. 1-0. The complex-according to any of-paragraphs
1-4 and 9, wherein the_microbead i§1 streptavidin-coated. 30 11. The
complex according to paragraph 10, wherein the complex comprises a
Cultispher-G microcarrier and a polystyrene microbead. 12. The complex
ARERUHIDLAQ AN PERRANARS B ridre WIS LRIRCIER TG ORIGES Iy Bmplex
TRITC. 6t0 13. {Aépaeggq_ldsfmgeparatlng a complex comprising a
Ecﬁﬁfs%e?- IRIGCEAREr and a microsphere, comprising the step of
contacting said complex with proteinase K. 14. The method according to
paragrapthdBionHeesinihe theotErrdcé K iraie dirdinrdantdions oh2Udail.
démdrheysthegageording to paragraph 13 or paragraph 14, wherein the
complex is contacted with proteinase K for about 20 minutes. 1-0 16. A
method for separating a complex comprising a Cytopore 2 and a
FAiCHBRIEII, b 571G B 1oL L Gt e BERA b RIS Wi FRYT. 758
TherrriFe ditenramg Jesraragidprorsitionierein 37% HCI (-12M) is used.
15 18. The method according to paragraph 16 or paragraph 17, wherein
IBELEOMPIRS4% neRBReiRdEBHCHRr ARast PR sinutendi9: A method for
determining. the effect of a plurality of culture conditions on a cell
comprising the useofa complex according to any ofparagraphs 1-12. 20
(AFHRAEROBS ST Rete e L HEE GPLOpRIPURY BT uWitiFe conditions
on a cell, comprising-the-steps of: (a) providing- a first set of groups oT
@R ibxpriisgearifeme pHEIRgiO BesBEdBokareadlsfitund, 25 exposing said
groups to desired culture conditions;

{e) optionally, repesting-steps (b) — (d) Reratively as required; and

{f) assessing the eifect on a given cell unilt of the culture conditions o which if has been

exposed,

wherein each cell unit comprises one or more cells adherent to or bounded by a complex

according to any of paragraphs-1-12.

22. A method for exposing a ceff to-a variety of cell culture-conditions, comgrising the

steps of:

a) providing a first sst of groups of cell unifs each comprising one or more cells, and

-exposing said groups fo-desired culture-conditions;

(b} pooling two ot more of said groups fo form at least one second pool;

(¢} subdividing the second pool to create a further set of groups of cell units;

{d) exposing said further groups to desired culture condifions; and

{e} optionally, repeating steps (b) — (d) iteratively as required,
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(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; 30 (d) optionally, repeating steps (b) - (c) iteratively as
required; and (e) assessing the effect on a given cell unit of the culture
conditions to which it has been exposed, 35 61 wherein each cell unit
comprises one or more cells adherent to or bounded by a complex
according to any of paragraphs 1-12. 21. A method for determining the
effect of a plurality of culture conditions on a cell, 5 comprising the steps
of: a) providing a first set of groups of cell units each ISl
HREE ERAL oo A SSRGS GBS 1o HSan Ballirs Eoadiong 10 (o)
apooling ooy rrsperathsaid groups to form at least-one second pool; (c)
subdividing the second pool to create a further set of groups of cell units;
249) BXROSINOSAILENGE G0 wREdOuasiiediBy burinoa diiansnd 5r(a) cell
Déigtlc_)nall , retgeatlrng-steps (b) - (d) iteratively as required; and (f)
BEEGSRE et on a given cell unit of the culture conditions to which
it has been exposed, 20 wherein each cell unit comprises one or more
(eieaditereittodroamded lsplrabRse CareHtin g ® ATjPat colls, and
cRHass ARSI i@ deshemelipe doridispasing a cell to-a variety of cell
culture-conditions, -comprising the 25 steps of: a) providing a first set of
roups of cell units each comprising 0 r I d exposing said
03@??3@%8’!88&?@6? uﬁ?ﬁrgt%lff’r%??gﬁ%? g%%)%%(%ﬁ@%g%gr more of said
groups to form at least one second pool; (c) subdividing the second pool
(tpsotenteicy i seccmd pobldectrate et furtiansitbor groups of cell units;

{d) exposing said further groups fo desired culture conditions;
(e) optionally, repeating steps (b) - {(d) iteratively as required; and

{f) assessing the -effect on a given cell unit of the cilture eonditions fo-which-it has been

exposed,

wharain each cell unitcomprises ong or mare-cells.adherent to or bounded by a complex

according to any of paragraphs 1-12.

24. A method according to any of paragraphs 20-23, wherein the cells are cg[tured in

cell units, each cell unit comprising one or more celfs.
25. A method according fo-paragraph 24, wherein ther cell units are single cells.

26. A method according fo any of paragraphs 20-25, wherein the culture conditions are

media to which the cell is exposed.

27. A method according to paragraph 26, wherein the media contain one or more

specific agents which influence a cellular process.
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(d) exposing said further groups to desired culture conditions; and 35 (e)
optionally, repeating steps (b) - (d) iteratively as required, 62 wherein
each cell unit comprises one or more cells adherent to or bounded by a
complex according to any of paragraphs 1-12. 5 23. A method for
determining the effect of a plurality, of culture conditions on a cell,

comprising the steps of: (a) providing a first set of groups of cell units each
comprising one or more cells, and exposing said groups to desired

oSl £ondLionsic8 () BRalng e 9ol Slerifkasa b lamate
?éasff'one second pool; (c) subdividing the second pool to create a further
caBpPERRAERIGH CaR it S ERFSENG Eaid further groups to desired
culture conditions; (a) optionally, repeating steps (b) - (d) iteratively as
2ECQUIref-AndfiResesaper heafiasisan agivea delineritiofthescultdiens
conditions to-which-it has been 20 expased, wherein each cell
Gﬂﬁﬁr-‘ﬁ%ﬁﬁ'prlseqs orne or more ce I's_adherent to or bounded by a complex

according to any of paragraphs 1-12. 25 24. A method according to any of
3paragyaphisoddop Bienidnein thecculshaFENAIRETeH SREEIPIRRSS SRORTELIP
tHeNitee@@FPrising one or more cells. 25. A method according to-paragraph

24, wherein the cell units are single cells. 30 26. A method according to

any of paragraphs 20-25, wherein the cultie, cORAIIoNF e MMedinifce
a\)’\ﬁiﬁ@ﬁﬁfﬁ@%g‘ﬁeﬁ e%?ﬁ?fs%%é. iy erﬁlglt?ﬁoe according to paraé?aph 26,
withengirnerel PRERgIARRSAERPone or more specific agents which influence a

cellular process. 35 63 28. A method according to any of paragraphs
b9 QRN ELRINIDRCH FHILIKE SR UHIR RIS accs it B gratcongtions;

mdore specific temperatures.
apn

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

31. A method. according to paragraph 30, whereinr the desired culture conditions

influence a cellular process.

32_ A method for producing a nucleic acid which encodes a gene product. which
influences a cellular process, comprising identifying- a gene in ascordarce with
paragraph 30 or paragraph 31,.and producing at least the coding region of said gene by
nucleic acid syrithesis or biological replication.

33. A method for inducing a cellular process, comprising the steps of;

{a) identifying one or more genes which are differentially expressed in association with
the celfular process in accordance with paragraph 30 or paragraph 31; and

(b) modulating the expression of said one or more genes in the cell.

34. A method according to paragraph 33, wherein modulation of gene expression in

the celf comprises transfection of said one or more genes into the cell.
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29. A method according to any of paragraphs 20-28, wherein the cell
culture conditions 5 comprise culturing on one or more specific
substrates. 30. A method for identifying. a gene which influences a cellular
process, comprising the steps of: 10 a) determining the effect of one or
more culture-conditions on a cell unit, in accordance with any one of
paragraphs 20-29; b) analysing geﬁ expression in said cell units when
exposed to said culture conditions; and 15 c) identifying genes which are
iterentially epresgedunderesired Gullie GoRdiliRRSr lnddmelagen
g to paragraph 30, wherein the desired culture conditions

derleisEda ENANMD IRULEIaE Y 2 BRSNS HYor producing a nucleic acid
which encodes a gene product- which influences a cellular process,
ROMPLisHhidantiingyiaona etineasion rdinaepithspair ageiphoB@rising the
Srt)glrsagt{aph 31, and producing at least-.he coding region of said gene by
huclelc- acid synthesis or biological replication. 25 33. A method for
inducing a cellular process, comprising the steps of: (a) identi in% one. or
(i dterieine STRHIER AR RS WAITEIR e S re Rl MRS ATt R TR
melulianppacessimneascdadanaithwitagaph §Paprdassmbaragnaph 31; and 30
(b) modulating the expression of said one or more genes in the cell. 34. A

@eﬂg%gc%oer%i ”&i%‘%ﬁxaé@gk@r%@s%ﬁ' Wharein RediRtiNQf Heng, thereby

pression in the cell comprises trar}sf%gt(;g{g of said one or more genes
Ing t

RiemRnadie 8% e B8 CAYRLIEE R ESRANG to paragraph 33, wherein
modulation of gene expression comprises the exogenous administration
of a gRnepEaciiebrdng A methadifesiddatdyingdirastamad geoelgraede a
Rrogess of a cell, comprising the

38. A method according to paragraph 37, wherein said marker may be detected by

-an mmunoassay.
39. A method for inditing a cellular process; comprising the sfeps of:

{a) determining the effect of one or more culture conditions on a cell unit, in accordance

with=any.one of paragraphs 20 10 29,
(b)exposinga cell.to culture conditions which-induce the cellalar process; and
(c) iselating the aesired ceil.

40, A method for identifying-an- agent which is capable of inducing a cellular process,

comprising the steps of:

(a) determining the effect of one or more agents on a celt unit, in accordance with any

one of paragraphs 20 fo 29; and

(b) identifying those agent(s} which induce the celiular process in the cell units.
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5 steps of: (a) identifying one or more genes which are differentially
expressed in association with the cellular process in accordance with
paragraph 30 or paragraph 31; and 10 (b) detecting the modulation of-
expression of said one or more genes in -a cell, thereby determining the
state-of -the cellular process of saidggell. 37. A method according to
paragraph 36, wherein said one or more genes encode a marker. 1s 38.
A method according to paragraph 37, wherein said marker may be

detectadiRihoPdriprepLeassayed Yniimethndb bindusigAcenlisidfocess,
RERGSSS: 9!94@.%6 the steps of. 20 (a) determining the effect of one or
more cu ure conditions on a cell unit, in accordance with-anyone of
paragraphs 20 to 29 (b)-exposinga cell-to culture conditions which-induce -
(ﬁbdﬁ#@@mrﬁb@@?@%ﬁd}@@w)‘?%ﬁmﬁ@ ficadedined. dercandanen atifoanior

mrﬁifyar’@raﬂxagem gehich is capable of inducing a cellular process,
comprising the steps of: 30 (a) determining the effect of one or more

ents on a cell unit, in acqordance with any  one of hs 20 to 29;
TR RGP B0 S P R G B . 81
8efl units. 3565 41. A method for preparing an agent which is capable of
inducing a cellular process, comprising the steps of, (a) determining the

eftsptrrbeng fndais,agesRsa cell unit, in accordance with any 5 one
of paragraphs 20 to 29; (b) identifying those agent(s) which induce the

deswed cellular process in the cell units;
42, A method according fo any of the preceding claims, wherein the cellufar process

Is cell proliferation or differentiation.

£3, A method for culturing stem cells or cells that-have been derived from stem cells
in vitro comprising the steps of:

a) incubating a stem cell-culture; and-

b) spiitting said culture into two or miore groups of stem cells, and culturing said
group of stem cells under two or more different sets of culture conditions

wherein each cell unit comprises one.or more cells-adherant o or bounded by a complex

according fo any of paragraphs 1-72

43. A method according to paragraph 43, whereinthe cells are-cuftured in cell units,

each cell unit comprising one or more cells.

41, A method accerding to paragraph 42 or paragraph 43, wherein the cell units are

single cells..

45, A method for culturing stem celis, comprising growing said stem cells adhered fo

a complex according to any of paragraphs 1-12.

46. A method according to paragraph 45, wherein said stem cells are subjected to at

least one change of culture conditions.
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and 10 c) synthesising or isolating the agent(s). 42. A method according to
any of the preceding claims, wherein the cellular process is cell
proliferation or differentiation. 15 43. A method for culturing stem cells or
cells that-have been derived from stem cells in vitro comprising the steps
of: a) incubating a stem cellculture;agnd b) splitting said culture into two or
more groups of stem cells, and-culturing said group of stem cells under
two or more different sets of culture conditions 26 wherein each cell unit
FPMPHSESQNe; oL mare colls:adhergntieenbornder v GRmPIRkditons

according to a% o%gara raphs 1-1-2 43. A method according to
Cﬁ’g}%{ﬁfé‘ﬁ%‘:ﬂ%’,‘ REPSH e cells are-cultured in cell units, 25, each cell

unit comprising one or more cells. 44. A method according to paragraph
#2 or panatyeabr 48taiving ifiarthtatel lcafiittonr stasingglls delie8GapBriaing the
disthed for culturing stem cells, comprising growing said stem cells
adhered to a complex according to any of paragraphs 1-12. 46. A method
according to paragraph 45, wherein said stem cells are subjected to_at

RHPHINE HABRFISHIERIRIHP (BhERMEIRE %8684 RMERBY RS falhd'd

paratuspinetBnwherein said change of culture conditions comprises a

ehanaantmediem i dmebhatier eiainirmaiferentiated cells from

%ﬁé@j‘éﬁgﬁﬁ AL CRORRSISIOR NG StgPs of (a) growing stem cells

rent e complex acco(%gir}g?éq any om?ragraphs 1-12 in a culture
Henamninedie AReRPR 7GR o Ohe Qulture medium to another;
10 (c) optionally repeating step (b)'as required; and
49. A method according fo paragraph 48, wherein the differentiated cells are Isolated by

enzymatic or chemical detachment from the complex.
50. A method.according fo paragraph 49, wherein the enzyme is proteinase K.

51. A method-according o paragraph 49, whereinthe chemical is HCL

52. A method according o any of paragraphs 4870 54, wherein the differentiated cells
are isolated by digestion of the complex according fo any of paragraphs 1-12.

53. A method of groWing pluripotent stem cells in vitro comprising the steps of:
(a) seeding said cells on the complex according to any of paragraphs 1-12; and
(b) propagating the cells while attached to the complex.

54. A method for identifying one or more area and/or density values for a tag obtained

from a cell unit comprising the steps of:

(a) obtaining one or more images of the tag;

(b) drawing outlines for the one or more images,

(c) loading the outlines for the one or more images; and

(d) reading the area and/or brightness within the one or more outlines.
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(d) obtaining the differentiated cells attached to the complex. 49. A
method according to paragraph 48, wherein the differentiated cells are
isolated by enzymatic or chemical detachment from the complex. 15 50.
A method-according toparagraph 49, wherein the enzyme is proteinase K.
51. A method according to paragrapiy49, whereinthe chemical is HC-i. 20
52. A method according -to any of paragraphs 48-to 51, wherein the
differentiated cells- are isolated by digestion of the complex according to

&y A fptralyfaptenthie. &8, ok method:oigrondagpluspetent stem aellsda

\itia £enRABReh e sieRseis b (a) seeding said cells on the complex
according to any of paragraphs 1-12; and (b) propagating the cells while

ttached-to the complex. 54. A method for identifying one or more area
Z arsPHBHE R Al L FGbtained 30 from a cell unit comprising the
$ke phiRrna Bt roraEDriile led eiges roEtbreqpig ¢t ndnaving outlines
foy thevipg @ insydte i ages: fR)ydoadirg: the outlines for the one or more
imAgssne i 3l RRAIDGINRATRAARAIE RIGNAERS Wikinihe 3 ’?@ Qs
matsoulines, G55 Ametod 1ot dentlying one o more area anafr
densit / valies for & ta (_)%stalﬁezf rom a cell unit comprising the steps of:
(8) gatindbme ?ﬁ@%ﬂ%%%@ﬁ@%%@%?bﬁf&ﬁﬁﬁ@@ﬁe or more images
of the tag using a microscopic technique; (c) drawing outlines for the one
66 MAFRIMAVRSOENJAABABHEENSE] RGN SRS 0NN MSLE NAGRSANG
WD T PAREITAAASS: RRANER oGy fiferent microscopic

technique; and (e) reading the area and/or brightness within the one or
more outlines. 10 56. A -method according to paragraph 55, wherein step
&) fomfirsacerstinaitramuerhdassifiing ori Srermstecditmeritemepiting
anoorlasefgngalt eaisiiffe imetho thacioardingtorpacagraph 54 or 55,
wherein the-method comprises counting '

58. A method-according fo.paragraph 54 or 55, wherein the method comprises counting
and./or classifying up to about 10-orup to about 50 different types of tags in one or more

cell units.

59. A method according fo any of paragraphs 54:58, whersin the area and/or density
values are inputted inlo a spreadsheat.

80. A method accarding to any of paragraphs 54-59, wherein-the image is selected from
the group consisting of a phase image, a blue image, a green image, a near red image
and a far red image.

61. A compuier program preduct including @ computer program for contreling a
computer to perform a method as claimed in any one of paragraphs 54-60.

62. An apparatus for identifying one or more area and/or density values for a tag, said
apparatus comprising data processing. logic operable to perform data processing
operations in accordance with a method as claimed in any one of paragraphs 54-60.

63. A method for determining the chronology and identity of the cell culture conditions to
which a celi unit has been exposed comprising the steps of:
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15 and/or classifying at least different types of tags in one or more cell
units. 58. A method-according to-paragraph 54 or 55, wherein the method
comprises counting and./or classifying up to about 10-0 -up to about 50
different types of tags in one or more cell units. 20 59. A method
according to any of paragraphs 54-?8, wherein the area and/or density
values are inputted into a spreadsﬁeet. 60. A method according to any of
paragraphs 54-59, wherein-the image is selected from 25 the group
consisting of a phase image, a blue image, a green image, a near red

image and a far red image. 61. A c ter program i ing.-a
(DSRPRAMISE GPRRT 767 l%‘?? r%ﬂfﬁgéaa%%%%ﬁ] eE 5 p%ﬁo%%%nﬁkﬁ%%qgs&n
melagmetein eliyeGhissst par 25TEPHS A 189280 62. An apparatus for

identifying one or more area and/or density values for a tag, said
(%F&Bﬁﬁ%% Wéﬁtm&ﬁm;mgﬁﬁi@ at giicoa@?ﬁak;ﬂaté@ c?e;mrz@_ dittane
rocessing, operations in accordapee with amethod as claimed in any
'08?‘?3%%5’%8?5 [?g‘gﬁ?g@a%aén %{? A me%%d for determining the chronology
and identity of the cell culture conditions to which a cell unit has been
(©xposiathgdmpresisgethent té e of: 685t Qe cormpaith gl the appah SidIeuet
Hnisghaldeast aae masameder of a tag with the mean measurement of
the at least one parameter of the tag; 5 (b) comparing the mean

measurement for the at least 0 rame, tag Wi n
Sl R U 5 BRIy L (L B s e (e
mressErEmh @t SheHasER | EXEEURB Y s 1Rste B (RETdPWRREhE G ehtity " of
ufiertagdassecimes abishithsecetamet fdle mormscherinaREs iy is mean

haragkaph B2 svdiereir Hither pweniimibisniess than the mean
measurement and the mean measurement is less then than the upper

limit then the upper and lower limits of a fur, he{ parameter Qfé[é&m e
: - K j i B 1S hot |
6@0rﬁﬁﬁ?%%?ﬁ“ff‘ﬁ?grﬁ%ﬁﬁraﬁ%%%u?e‘rﬁ%eﬁ??o% nge I€ast one further parameter
mﬁah@@gdrement and the mean measurement is pot less then than the upper limi
then the up;er and lower limits of at least one further integer of the same parameter of

{he tag is measured.

66. A method according to paragraph 65, wherein if the lower limit is less than the mean
measurement and the mean measurement is less then than the upper limit then the -at

least one further parameter for the tag is measured.

67. A method according fo any of paragraphs 63-66, wherein if the mean measurement
for the at least one parameter of-the tag is greater than the lowest imit for at least one
parameter of the-tag, then the result is correlated with one or more tags that possess the-

one ormore parameters.

68. A method according to any of paragraphs 63-66, wherein if the mean measursment
for the at least one parameter of the tag is not greater than the lowest {imit for the one or
more parameters of the tag, then the result is cofrglated with a tag that possess the

parameter.

69. A method according to paragraph 63, wherein if the fower limit Is not less than the
mean measurement and the mean measurement is not less then than the upper limit for
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15 65. A method according to paragraph 63,-wherein if the lower limit
is-not less than the mean measurement and the mean measurement is
not less then than the upper limit then the upper and lower limits of at
least one further integer of the same parameter of -the tag is measured.
20 66. A method according to paraggaph 65, wherein if the lower limit is
less than the mean measurement and the main-measurement- is less
then .than the upper limit then the -at least one further parameter for the

tﬁ@%ﬂ%é@?&%"fﬁ@r@? éa@imé}em%h%%gefmgd@@mmﬁ Fatagsapis GRHGH,

e oﬂhetag’s %%?1%% sfu[[;[e Pjggsmgdat least one parameter of-the-
8 is grea?er an owes or at least one parameter of-the-tag,

then the result is correlated W|th one or more tags that possess ti Le- one
7ormoresferamenatisg 30 BBaganietiorneted il g8 et F GPRRatae fapARe or
el nuheteierifcheseeas peeastresnatafor the at least one parameter
of the tag is not greater than the lowest limit for the one or more
arameters of the tag, then t NS It i is g rreI ed wit h S
731@ BENRY aFer oy PHEER S S5 mga {Bepgargaia rrgg%gggf\%vr%gr%?ﬁg%f?ﬁ]e
%ﬁi‘ﬂﬁl?@ﬁ@ﬁé@@ﬁﬂéﬁ’gthe mean measurement and the mean
measurement is not less then than the upper limit for 69 the at least one

-l rﬁhﬁétﬁ@é%&%@iﬁ&i@&hé%ﬂdﬂpe& anSravEninieai-at lerss one furthesn
'“teg%n %@%&%@%@%@%&%ﬂkﬁtﬁ 190 dSHES AT A 4Eh A MRtRP: at

according to para raph 68, wherein the met!nt i.,cﬁerep‘eeat gforaganee ré

! HS S SLTAE REFAIREIEF OPIRS RL ook pararet
th@:dﬁﬂr@ﬁr@jﬂ@iﬁﬁé‘ﬂa@ﬁéﬁﬁ%@SWﬁ@r@rnaM@%%ﬁél‘Pﬁ)aﬁ@ff@ﬁéﬂe@?&?%l FiRtdg8rs
refne sarertparametecofiiite ttag tHd K2sedsriiethoelcnosoediagmeters.
to-paragraph 68, wherein if the lower-limit-is less than the-mean

-;yegsur%mer{l}t a d the r'gl% I ??%&%‘lﬁﬁtﬂfg ‘Sﬁért[pﬁplgr@g %fhe mean
E’ faor I as r?e

upper rther parameter and the

e e e |f88§%"6%eafa&5a %Sét&e(@f”}%’étP&g“Pspe?é'a i85 fle
tewiest fmiioeateiatadshs arematerofanentds e lasst one parameter of

the tag is not greater than the lowest firmit for the one or more parameters of the fag, then

ths result is correlated with a-tag thatpossess the parameter.

74. A msthod according to-any of paragraphs 62-72, wherein the parameter(s) of the tag.
are selected from the group consisting of size of the tags, the type of fluorophore that
they camry; and the quantity of fluorophare that they carry.

75. A method . according to paragraph 73, wherein the sizes are-selected from 5 different

sires.

76. A method according fo paragraph 73 or paragraph 74, wherein the sizes are
selected from the group consisting of about 1.87pm, about 4.41um, about 5.37um, about
5.78um and about 9.66um.

77. A method according to any of paragraphs 73-75, wherein the fluorophore is either
UV2 or Starfire Red.
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result is correlated with one or more tags that possess the one ormore
parameters 15 73. A method according toparagraph 71, wherein if the.
lower limit is less than the mean measurement and the mean
measurement is less then than -the upper limit for the -at least one further
parameter and-the mean measurerggnt for the at least one parameter of
the, tag is not greater than the-lowest limit for the one or more parameters
of the tag, then 29- the result is correlated with a-tag that-possess the
9@ramﬁéﬁ{démera?@ﬁm%@%@ewmﬂmﬁgwr@imr@@hﬁﬁaﬂ&mﬂneﬁ@i@
t arameter(s) of the t are selected from the group consisting of size
S?%% ‘{382" %ldéi%ﬁrg %lfafﬂ%gér%phore that they carry; and the quantity of

fluorophore that they carry. 25 75: A methodaccording to paragraph 73,
Wh éreirtiibashasding to setearsd o srelifferahdifi&ast arstiy Aeghde to 10-
aecompgctompaiqgraph 73 or paragraph 74, wherein the sizes are 30
selected from the group consisting of about 1.87m, about 4.41m, about

37m out 5.78m and ahout 9.66pr . A method according, ta.any of
B0 A Sesuthig R R SR B A4 nRERGESROIR 0 Bl

RIareptys At AR e R ERRPI8RHF Y &laims 73-75, wherein the

guantity of fluorophore is selected from 5 different quantities. 7-9. A
Brethofl AP ENBISR AREAGHIND o1, wipersjrupac hadiierenteuantiiy.gives a
§0L9p:1i9és5ofr%dog'ﬁ%§@nr9§(§nam@gﬁp &5 Sr3hAdaethod -%Gﬁﬁgtn&ﬁ%ﬁﬁéggo%

aragraphs 62-79, wherein. there are up to 3 different parameters and 5

HOFaAIRAG BrCBFY SRR RIFERE 10 81'. A-method complex according to
any of paragraphs 62-79, -wherein each cell unit comprises one or more
82l acttexbmtcaodiroio pacgchid/ S8, wormpldhecomprisuh §-sireplievidosnortednd
a polystyrene microbead. 82. A method according to paragraph 80,

g\\g‘her‘g i?ﬁe@wgdmaigcrzgl%%%dtgs?)g%@%dgﬁ'%Q%SQQmph 81, wherein the complex

comprises a Cultispher-G microcartier and a polystyrene microbead.

B4 A_computer program product including & computer program for controlling a-
computerfo perform a method as claimed in-any one of paragraphs 62-82.

-85. An apparatus for determining the chronelogy and identity of the celi cuiture
conditions to which a cell unit has been exposed, said apparatus comprising data
processing logic operable to perform data -processing-operations -in. aceordance with a

method as claimed in any one of paragraphs 62-82.



15 83. A method according to paragraph 80 or paragraph 81, wherein the
complex comprises a Cultispher-G microcarrier and a polystyrene
microbead. 84- A- computer program product including a computer
program for controlling a- 20 computer-to perform a method as claimed in
any one- of paragraphs 62-82. -85,,An apparatus for determining, the
chronology and identity of the cell culture conditions to which a cell unit
has been exposed, said apparatus comprising data processing logic
operable to perform data -procegging.joperations -in- accordance with a
25 method as claimed in any one of paragraphs 62-82. 71 TABLET ay 0

Fluor [Fluor] T7RITC Addi

tions to Basal Medium 1.1 4.4 UV 4.~ 10AM-RA

TTVTT\7\

T4 SRRE 1.3 4.4 Uy BB R LS B A +
5 ng/n 5- + 10P0U1nilLIF+10ng/mibFGF 1.57.4UV 4
+3100 0 ig/m] TPO 116 7.4 UV 2 + 1000 (MPLIF 4.1 4.4 SR
212 Z5ngimi 8 UV 2| 10g/mi ins 4.3 @:84ANIPME9 5ng/ml
TG [ 4 4.4 IR 4 - 40 ngIvinBEE BB T7+4 9RI 8MP2 20
g FIGg/MI TTS 6.1 4.4 8RB0 fg 758 + 20

==fggmi ng/MIIC3+ 20 ng/mbilLbat B+Eimint O + 10
AL S+ I0gMHTS F 3 UM B -AF.4 UV I+
S FG544-UV-5=20ngimiRRemH 3 UMM EPO

6.5 A O-pgfm-M-ESF 10 pgimi s

4.3 z 2.5ng/mt TGFRT + 5 ng/ml BMP2

4.4 4 40 ng/mi SCF

4.5 4+ 20 nglfml TRO.

4.6 1 10 pgimi TS

6.1 1 30 ng/mt IL3 + 20 ng/ml LB

8.2 4% 30 ng/mi 1L3 + 20 ng/ml ILB + 3 U/mi EPO + 10 ng/mi M-CSF

8.3 3 10 pgiml TS + 3 Uiml PO

6.4 i 10 pghnd ITS + 10 ng/mi M-CSF

6.5 5 20ng/ml TPC + 3 Ufmi EPO

65 3. 20 ngfrt TPO + 10 nghnl M-CSF

6.7 3 30 ng/mt IL3 + 20 ng/mi L6 + 3 U/ml EPO

6.8 5 30 ngfmiL3 + 20 hg/ml 1.8 + 10ng/ml M-CSF

8.1 3 30 ng/enl L3 + 20 ng/ml ILE

8.2 3 30 ng/mi 13 + 20 ng/mil [L6 + 3 Uimi EPO + 10.ng/mi M-CSF

8.3- 1 10 ug/ml ITS + 3 Uim-EPC

B4 2 10 pghmi ITS + 10 ng/mi M-CSF

8.5 3 20 ng/erd TPO + 3 'U/ml EPO

8.5 ) 20 ngiml TPO + 10 ng/mi M-CSF

8.7 3 38 ng/mt L3 + 20 ngfmi 178 + 3 Ui EPC

8.8 4 30 ng/ml IL3-+ 20 ng/mi [L6 + 10 ng/ml M-CSF

10.1 30 ngfmi 1L3 + 20 ng/mi IL6

10.2 30 ng/m: 1L3 + 20 ng/mi IL6 + 3 Ufml EPO + 10 ng/mi M-CSF

10.3 20 ng/ml TPO + 3 Ulmi EPO

10.4 20 ng/ml TPQ + 10 ng/mi M-CSF

10.6 30 ng/ml IL3 + 20 ngimi 1L6 + 3 W/ml EPO

10.6 30 ngfiml 1.3 + 20 ng/mi L8 + 10 ng/mi M-CSF
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6.7 4.4 UV- 3 - 30 ng/ml 1L3 + 20 ng/mi IL6 + 3 U/ml EPO 6.8-9:8 _UV 5
- 30 ng/mhiL3.+ 20.ng/ml IL6 + 10 ng/ml M-CSF 8.1 4.4- SR 3 - 30 ng/mi
1L3 + 20 ng/milL6 B,2 7-4 SR 5 - 30 ng/mi 1L3 + 20 ng/ml IL6 + 3 U/m|
EPO + 10. ng/mi M-CSF 8:398 UV 1-10g/mlITS + 3U/mI-EPO 8.47.4
UV 2-109/m1ITS + 10 ng/ml M-Cr‘ F 8.57.4 SR 3 - 20 ng/ml
TPO+3-Ulm i EPO 8.6 4.4- SR 5 - 20 ngiml TPO + 10 ng/ml M-CSF 8.7
9-8 UV 3 -30 ng/ml IL3 + 20 nglml IL + 3 Uim1 EPO 8.8 44 UV 4 + 30
0 /ml !}Lﬁ-ﬁezp ng/ml IL6 + 10 ng/ml M-CSF 10.1 30 ng/ml IL3 + 20 ng/ml
: ng/ml IL3 + 20 ng/ml IL6 + 3 Ulm[ EPO + 10 ng/ml M-CSF
10.3 20 ng/ml TPO + 3 U/mi EPO 10.4 20 ng/ml TPO + 10 ng/ml M-CSF
LB B8 nardiliens comprisfIntia L ERe e BB 20N S0RTRPTSIS A ml
ubeBtd Rng/mbivbeEBFe B2hdsedjenitices Tabiiions.iJeonprecagpiiigoiegotes the
dSORRHS B e SHRAH MR IAlMAdHKl anditha cayespantinCtagmBEdo
mabel micragarriers, exposed 100G CONAIANGaFRAkACMBRIIRIN ientity
I'Eﬁa’enoffes Fne c?ay of the experiment and the exper ntgl c]%)rgglltl n
(e Sttt e dhirmrBordiratRe oe‘{vr%sét“énstfgs%ﬁﬁ% corresponding
wiay TRE Giredidristeercliversinn e ihermruim bR sepsrdriony; of the
dfHeesaphereniniansibndblewesbadhigbest)ratie basethediire segindiceied in
s LG Mpdified. For each condition of the matrix, the final concentrations
of the different growth factors and/or morphogens present in the basal
medium are indicated in 10 the final column. 73 All publications
mentioned in the above specification are herein incorporated by
reference. Various modifications and variations of the described methods
and system of the invention will be apparent to those skilled in the art
without departing from the scope
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and spirit of the invention. Although the invention has been described in
connection with 5 specific preferred embodiments, it should be understood
that the invention as claimed should not be unduly limited to such specific
embodiments. Indeed, various modifications of the described modes for
carrying out the invention which arg, obvious to those skilled in molecular
biology or related fields are intended to be within the scope of the
following claims. 10 15 20 74 CLAIMS 1. A complex comprising a

AN QEH% mmrﬂe$4e£ow%aymxt.maa@ea)aﬁa. RooFpreataiiptex
Qccorng o S d Aherein (e QP AIBLIS BRNMBS RIGREAIRT

roeraee- c SR Set G mg fo claim 1 or claim 2. w Grocarrier

thedeveatioetchargeraeTHe BERETELAEL B YDA tg%ﬁ’ ctafins 1 i wherein

athapritostibainemtcompkisesh Sonsiswion Benkpsts %gmnﬂw“ﬁ%‘?a i

sg%ac.} hiossrepalyatinvianents G padyrt o Lrglaseoddiagte, invention as claimed
SRURIS ﬂfEﬁxcOﬁ&@mmgéngnsaaw%m@t@ﬁb@ RBRCOMARXRCRAIIEg

aims 1-4 herein t e microcarrier t ;
GRS B ETO A TS L T B e nERIBR SRR Lo

treytopiied b mitetarHelony efdﬂ'l%fﬁﬁé?‘ﬁﬁéFBé%{ﬁ‘?%?déoc?ﬁlwgB‘Hé}Peémpe of

tHareneeadiesinss Cultispher-GL microcarrier and a Cultispher-S microcarrier,
an 15 Inforrhatrix microcarrier, a Microsphere microcarrier, a Siran
microcarrier, and a Microporous MC microcarrier. 6. The complex
according to any of claims 1-5, wherein the charged tag is a sphere. 7.
The complex according to claim 6, wherein the sphere is a microsphere.
20 8. The complex according to claim 7, wherein the microsphere is about
9 pM
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or less in diameter. 9. The complex according to claim 7 or claim 8,
wherein the microsphere is a carboxylate modified (CML) microsphere.
10. The complex according to any of claims 1-9, wherein the tag
comprises, 25 consists or consists ggsentially of polystyrene and/or latex.
75 11, The complex according to any of claims 1-10, wherein the complex

CLARAG. the microcarrier) is adhered or bound to a cell unit. 12. The complex

according to any of claims 1-11, wherein at least one antibody is bound to
the cell unit. 5 13. A method for separating the complex of any one of
claims'1-12 EofPREHSIHESRER 8 TEMREHIRy Ll PRk (ith Beeatively
protes@Er99AERSin said microcarrier comprises, consists or consists
essentially of protein. 14. The method according to claim 13, wherein the
microgarTier qMBLIaRS, SABRIRE B FARSIS SRR AARIANE L0 kR
The method according to claim 13 or claim 14, wherein the microcarrier Is
a CultlB5&F ¥ iErocarrier. 16. The method according to claim 15, wherein
the microcarrier is selected from the group consisting of a Cuitispher-G
microgarrier, thEettigmbeicCakding ity agafrias aRfGUISRERINS MISsosAEBES
15 173T1QFCF'?5?tQOd according to any of claims 13-16, wherein the
protease Is selected from the group consisting of proteinase K, typsin,
thermolysin and caspase. 18. The method according to claim 17, wherein
the préteinaséhK emged asceamdiagriousntyoff alous 0.5 Uheran thereni@tcd@er
The meihetkaccoiicing tor daitisk’ Qesiain 18, pvisreiniR OBl Hsene,
contagied Wit proteinase K fqrat least 2090 minutes, 20; s method
accor&m‘é tf’o af@ oF Craime 1%9@ WHETRIR the e an?ex 15" cBimacted with
the protease in a volume of about 5 pl or less. 25 21. A method for
separéting a tomplegiaceorditigpte any grenicladmsehidiz the microcarrier is

selected from the group consisting of a Cytopore microcarrier, a Cytopore 1
microcarrier, a Cytopore 2 microcarrier, a Cultispher microcarrier, a Cultispher-G
microcarrier, a Cultispher-GL microcarrier and a Cuitispher-8 microcarrier, an
Informatrix microcarrier, a Microsphere microcarrier, a Siran microcarrier, and a

Microporous MC microcartiet.

8. The complex according to any of claims 1-5, wherein the charged tag is a
sphere.

7. The complex according to claim 6, wherein the sphere is a microsphere.

8. The complex according to claim 7, wherein the microsphere is about 8 i

or less in diameter,

9. The complex according to claim 7 or claim 8, wherein the microsphere is
a carboxylate modified (CML) microsphere.

10. The complex according to any of claims 1-9, wherein the tag comprises,

consists or consists essentially of polystyrene and/or latex.
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comprising the step of contacting said complex with acid. 22. The method
according to claim 21, wherein the microcarrier is a porous microcarrier.
76 23. The method according to claim 21 or claim 22, wherein the
microcarrier has a net charge. 24. Tiae method according to any of claims
21-23, wherein the microcarrier 5 comprises, consists or consists

essentially ofcelkosrx 2BThegethodrasaardingtomnoteampdl @4,
wher m%ﬁyg&%gﬁ%rg%rhgeg oﬂé&%Qr{S migrogarrier. 26. The method

according to any of claims 21-25, wherein the microcarrier is a
Cytopore-2 microcarrier. 10 27. The method according to any of claims
21-261Zvhereliehertatpis axeptiogeto 28y THeclmeth el Acebrdiity b ektinne

27, whatghdihersohetetis asnigpsphere. 29. The method according to
claim 28, wherein the microsphere comprises, consists or consists

essentially of polystyrene. 30. The method according to any of claims

21-29%vherefh BRENAEIdYs SEBARIBR P HAMRIE PlodlY corRistingasrs 1-12
hydrocbioriisiagithessiiphefricoaeidian daisodimpieRypoch griteasd, . Wikeein said

methadi@searding i MaimSRisuherainsihe asithiaif cphysrochloric
acid(-12M). 20 32. The method according to claim 30, wherein the acid is
concentrated _sulphuric acid. 33. The method according to any of claims

21-324vherelRANEEEBMBTEX LBt RETe PWHPPERIIR BiGEeRE TOabEES
pl or lesssi@4 of tresisethotaetprdiggattr any of claims 21-33, where the
complex is 25 heated in the presence of the acid. 77 35, A method for
deter%ping %e%g%t dogc% Iurality of ¢ gture c.onthi s angace

0 I o
? rding to’claim 13 or claim *M” rein f f Tléprocamer is
compriSing the Use of a'compléx according to any of claims I-12.

a Cultispher microcarrier.

16. The method according o claim 15, wherein the microcarrier is selected
from the group consisting of a Cuitispher-G microcarrier, a Cultispher-Gl.
microcarrier and Cuitispher-S microcarrier.

17. The method according to any of claims 13-186, wherein the protease is
sefected from the group consisting of proteinase K, typsin, thermolysin and

caspase.

18. The method according to claim 17, wherein the proteinase K is used in

an amount of about 8.5 U/ml or more.

18 The methed according to claim 17 or claim 18, wherein the complex is

cantacted with proteinase K for at least 20-80 minutes.

20. The method according to any of claims 13-19, wherein the complex is

centacted with the protease in a volume of about 5 i or less.

21. A method for separating a compiex according to any one of claims 1-12
comprising the step of contacting said complex with acid.

22, The method according fo claim 21, wherein the microcarrier is a porous

microcarrier,
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36. A method for determining the effect of a plurality of culture conditions
on a cell, 5 comprising the steps of: (a) providing a first set of groups of
cell units each comprising one or more cells, and exposing said groups to
desired culture conditions. (b) pooling two or more of said groups to form
at least one second pool; 10 (c) subdividing the second pool to create a
further set of groups of cell units; (d) exposing said further groups to
desired culture conditions; (e) optionally, repeating steps (tgﬁ (d)
iteratigely as?%ﬁﬁgﬂdéﬁﬁjﬂ)”é S&&dhg! tﬂkclﬂféego‘ﬁhﬁr@‘ﬂ/ et QAT Bthas
the cultewesiemgaitions to which it has been exposed, 15 wherein each cell
unit comprises one or more cells adherent to or bounded by a complex
according to of claims 1-12. 37. A me hod or sm cell.to a
varletgéof cellﬁégl ur(g%%on dl to & é;?ismg fz eps of: %%ﬁr@\'ﬁ (rzlagrrgr
first sEPBPERTUPIGBEN GW@@&%’&%ME%MW@ or more 20 cells, and
exposing said groups to desired culture conditions; (b) pooling two or

more g sald goHeRIR PR AJeShPOR.SRG0DAR0Ohe(Gh HAVIAN e
second pool to create a further set of groups of cell units; (d) exposing
said fﬁr‘fﬁg’rparr%%ﬁ%aﬁfgswed culture conditions; and (e) optionally,
repeating steps (b) - (d) iteratively as required, 25 wherein each cell unit
compeikes onmeometare:cetsiaghesenvieomac e diyea eampltedcarrer is
accorg@g LAY afflaims, 1-12. 38. The method according to any of
claims 35-37, wherein the cells are cultured in cell units, each cell unit
comprising one or more cells. 78 39, The method according to claim 39,
whereinh the dél mmaitodaecsirigiktcelly of 4@iMThe! i thibefacterding &opireyeof
claims 35-39, wherein the culture conditions are media to which the cell is
exposgd. S 4 Themelhodacaording Jo damidf.uherein themedia,
contaln one or more speC| IC ggents Uence a celutar process.

29. The method according to claim 28, wherein the microsphere comprises,
consists or consists essentially of polystyrene.

30. The method according o any of claims 21-29, wherein the acid is
selected from the group consisting of hydrochloric acid, sulphuric acid and

sodiurmn hypochlorite.

3. The method according to claim 30, wherein the acid is 37% hydrochloric
acid(~12M).
32 The method according to claim 30, wherein the acid is concentrated

sulphuric acid.

33. The method according fo any of claims 21-32, wherein the complex is

contacied with acid in a volume of about 5 i or less.

34, The method according to any of claims 21-33, where the complex is

heated in the presence of the acid.
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42. The method according to any of claims 35-41, wherein the cell culture
conditions comprise culturing at one or more specific temperatures. 43.
The method according to any of claims 35-42, wherein the cell culture 10
conditions comprising culturing on arye or more specific substrates. 44. A
method for culturing stem cells or cells that have been derived from stem
cells in vitro comprising the steps of: (a) incubating a stem cell culture;
and 15 (b) splitting said culture into two or more groups of stem cells, and
Reulturfhg<arg & Br R esTet P b Fv GRS 8l
cauptishegconditians.cohgesiacthaliogiis amectokimed-it2.cell units, each cell
unit comprising one or more cells adhered to or bounded by the complex
oG B Ay ALEIRIMS 142420 4% The meihor acosting.lo claim 44
Wheréin the cell units are |n le ce or culturing stem
CRRAES DI HERTPHrowing sald stem cells adhered to the complex
according to any of claims 1-12. 47. The method according to claim 46,

wherein.said I ] 0 al folel a@%%gg}tm{g
condltlg(r?z ZS%Z%gE 'I&Eegsrfn@é%%a&?c%q |Bn A Lﬁﬁjﬁ 47ec§'v$1ereln said char?ge

of culture corffiffoRY” e&‘ﬁ?ﬁﬁ%é@’a CE “Itf‘he I ﬁ@n% method
for obtafhing diffelihstetreaRfisaid Siapsdelferm dikest eansprRIAgIne

steps oficf(a) gsovdinigisiem eeladasiwereatit:th e comgier goopsdingitonany
of claimg 1-12,i Qﬁ@%%%@ﬂ%ﬂp&é%&@ﬁﬁﬂ%Qot#!ﬁ&%mp'ex from
0

one culture me

another; é é eatin (?h)
requwecﬁ and ?8 '0(98 glﬁ?ﬁﬁaltﬁ@ a‘. i @31 Zlae\?at e complex.
50. The ﬁneth@asa@%@méﬁ@ff@%mm%@pmmim&ﬁ@ aﬁw@www Mg It
isolated by engyymatie &pebamical detachment from the complex. 10 51.
The method according to claim 49 or claim 50, wherein the differentiated
wherein each cell unit comprises one or more cells adherent to or bounded by a complex

according to any of claims 1-12.

a7 A method for exposing a cell to a variety of cell culture conditions,

comprising the steps of.

@ 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 ar more of said groups to form at least one second pool,

(©) subdividing the second poc! to create a further set of groups of cell units;

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

(&) optionally, repeating steps (b) - (d) iferatively as required,

wherein each cell unit comprises one or more cells adherent to or bounded by a complex

according to any of claims 1-12.

38. The method according to any of claims 35-37, wherein the cells are culiured

in cell units, each cell unit comprising one or more cells.
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cells are isolated by digestion of the complex. 52. A method of growing
pluripotent stem cells in vitro comprising the steps of: (a) seeding said
cells on the complex according to any of claims 1-12; 15 and (b)
propagating the cells while attached7#o the complex. 53. A method for
culturing cells in vitro, comprising growing said cells adhered to the
complex according to any of claims 1-12. 20 54. Use of a complex

accorging torpRY iU iU AR RS NG e &IeRLOA-ARIkEAlRN Of

culture conditions on a cell. 55. The use according to claim 54, further
comprising separating the tags from the complex of any one of claims

1-12.456. ThEhadecHedsranig s elamrsEainhéreip ewkin S arasepraatbens
by expesirgia2b ihecampieisaixpnseof claims 1-12 to an acid, or protease
or a cellulase. 57. The use according to claims 55 to 56 wherein the

Separzﬁt.ed taﬁ%%&thg b %%?gi%gt?olwsg et#(?r\]v%lgrsé% the media contain one or more

specific agents which influence a cellufar process.

42 The method according to any of claims 35-41, wherein the cell culture

conditions comprise culturing at one or more specific temperatures.

43 The method according to any of claims 35-42, wherein the cell culture

conditions comprising culturing on one or mere specific substrates.

44, A methed for culturing stem cells or cells that have been derived from stem

cells in vitro comprising the steps of:

{a) incubating a stem cell culture; and

(b splitting said culture into two or more groups of stem cells, and
culturing said group of stem cells under two or more different
sets of culture conditions.

wherein the cells are cultured in cell units, each celi unit comprising one or more cells

adhered to or bounded by the complex according to any of claims 1-12.
45, The method according {0 claim 44, wherein the cell units are single cells.

46, A method for culturing stem cells, comprising growing said stem cells

adhered to the complex according to any of ciaims 1-12.

47. The method according to claim 46, wherein said stem celis are subjecied {o at

least one change of culture conditions.

48 The method according to claim 47, wherein said change of culture

conditions comprises a change of medium.
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49, A methed for obtaining differentiated celis from stem cells in witro,
comprising the steps of:

{a) growing stem cells adherant to the complex according to any of
claims 1-12 in a culture medium;

(b) transferring the complex from one culture medium to another,

(®); opticnally repeating step (b) as required; and

{d) obtaining the differentiated cells attached to the complex.

50, The method according to claim 48, wherein the differentiated cells are
isolated by enzymatic or chemical detachment from the complex.

51. The method according to claim 49 or claim 50, wherein the differentiated

cells are isolated by digestion of the compiex.

52, A method of growing pluripotent stem cells in vifro comprising the steps of:
{2} seeding said cells on the complex according to any of claims 1-12;

and
(b) propagating the celts while atiached to the complex.

53. A method for culturing cells in vitro, comprising growing said cells adhered to

the complex according to any of claims 1-12.

54, Use of a complex according to any of claims 1-12 for determining the effect of

a plurality of culture conditions on a cell.

85, The use according to claim 54, further comptising separating the tags from

the complex of any one of claims 1-12.

56, The use according to claim 55, wherein the {ags are separated by exposing

the complex of any of claims 1-12 to an acid, or protease or a cellulase.

57, The use according to claims 55 to 56 wherein the separated tags are

subjected to image analysis.



