Method Field of the Invention 5 The invention broadly relates to cell culture - such as the culture of
primary cells, cell tines, pluripotent cells, totipotent cells and stem cells. Backaround to the Invention
30 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. J.M. Davis; and 'Animal Cell
Culture' Oxford University Press (2000) Ed. JohrnyR. W. Masters; both of which are incorporated herein
in their entirety by reference. Cell culture provides the basis for studying cellular processes such as the
viability, phenotype, genotype, 15 proliferation and -differentiation of cells, and the formation of
biological molecules, intermediates and produd#htthas also provided the means to study the
regulation of these _processes, from. the genetic level - whether in isolation or in whole transgenic
animals - down tedbedexelrafisidividual protein molecules. Notwithstanding its enormous contribution-
to the current state of biology, in many respects cell culture 20 remains a developing discipline, albeit

an unusually gxqiting, scignce Litimately. offering the.passibility. f.genstic:thesapyand tissue

engineering. An important goal, of, cell, culture IS to be able to grow a wide variety of cells in vitro. The
list of differentrell-types that can be grown In culture is-extensive (see American-Type 25 Culture

collection, htto://www.at : European Collection of Cell Cultures, -htted/www_ecacc.orchut
Deutsche SamniaHE S8 PHRAFEFEa S men. und Zellkulturen- GmbH; titipliwww.dsmz.de), includes
representatives of most cell types and is continually-increasing ar more. and more culture- conditions
are discoversd. Pespirattrarssieheiisrdgrdssometh eoffeler v thEthsd e FeigeimiFthg suitable culture
conditions for 30cuiew iseHstylpetir S &t Gtéilly’ Snpirithlsrghovess caiidiidnsMakedimost always
discovered by trigidandermes. dhe«<heice ofistatingpantovil oftenrow bésed gntnvitat was previously
used by others fopsimfanseis=RE aurm Wwhalisetantisbeing usedvmthedabaratory for different cells.
Many times thesgwill:sinaply:Re Compleialhsinadeguaienanthan 0seas,yak ighafst error must begin
ﬁ;}? §reacegsalub e R0 Warhndl I sereabering that

|

anew. Even yhen. ey chiie R AL
intermediates an prcsjd\zlsv ? Xaes Ianﬁgopréilf%eeg bafe maans fo study the reguiation of

adaptations of pr,e_\/lou(iaproto&:o
these processes, from. the genefic level - whether in isolafion or In whole fransgenic

animals - down fo the level of individuzl protein molscules. Notwithsanding Is
snomous contribution: 1o the cument siate of biclogy, in many respects sl culture
20 remrains a developing discipline, albeit an unusually exciting science ulfimately offering

e possibility of genstic therapy and issue engineering.

An important goal of cell culiure is to be able fo grow a wide variefy of cells in vitro. The
list of differant.cell.types that can be grown in culture is.exiensive (see American-Type
25 Culture collection, nioffewwaicc.org: Ewopean  Collection of Cell Culivres,
-hitpwenwecasc.org.ul; Deutsche Sammlung von Mikroorganismen. und Zelkutivrerr
GmbH; hifpwww.dsmz.de), includes representsfives of most cell types, and is
cordinually-increasing es more and more culture condiiors are discovered. Despiie the

steady progress in fhe field, the method of determining suitable culture conditions for
30 new cell types remains [otally empirical: growih conditions are almost always discovered
by triaf and eror. The choice of starting point will often be based on what was previously
used by others for similar celis, or even what is currently being used in the laboratory for
different celfls. Many times these will simply be completely inadequate, and a process of
trial snd error must begin anew. Even when naw culture conditions are successful, it is
35 worthwhile remembering that adaptations of previous protocels will have niroduced a
historical bias fo the expetiment. For insiance, much of the early fissue cuiiure



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
growth 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 normal component of many culture media for
mesodermal cells - actually inhibits growth. One aspect of the invention described herein is a method
for developing suitable culture conditions which allow for the viability, proliferation or growth, and
retention of the phenetypeakpatticitarseliitfredsto Iuhie AR MPFOMENE FHich are stilt
encountered in gelreWikgaoasederipnitet Hfespanefarimearyicelbtismsmh@beiviage of characteristics of
cell lines with passae:ARddhsitiransteuaatien acennpagiedhydds sotiitieiesting cellular
characteristics. Jhese @ﬁ&%ggm% lippiihe willibyueficikuradaalls: tnsusear mpexperiments or assays,
for instance cell-based assavs described helow:: Primancelierl sesells fashirigolated from 15

tissues, offer by ar the ost accura %II CSUL} re- v hehave inasuay that broadly
resembles theircﬁiéssﬁaec%nﬁ&?é%% ngrégair%a%? ?ag rzg%ggf#ﬁéﬁ%ég%&%%ﬁi&%%y cells has still not
DIt I ]

been developedat ot g iR FANE R XAIDICa [imited IffeSpan in vitro. This presents
a-serious techniEa A ERSHOTr TR SERRRG AR B RT Yo amplify the primary culture, or when
attempting to perform a longer-term experiment. 20 A further problem associated-with the use of
primary cultaressisithetsincetitsnregifeasoatitantheaidsbatb At epoifirto source primary
material, particuiasfep paryransantdtismisy diffistdistsob teihitrredtiirarasehare consistently. A third
aspect of the inyeptiRds-theeiptemdaiethodef aulsrsgprimancoetisdisbtalnesiable cultures with a
prolonged irrespan 2.l RKmMAr-culiiies aitmmaipiainagdinvipfionan @xdeagedperiod, they normally
undergo a ' Isis:in.which,the majority,of Gelis:etishmbpuieyet thassuaiyiagsealibre longer-lived and
can be cultured ln&e(ﬁ}nge Abet of-these-continupus. cell lines:are, alMostigyabaply: poor

ly:
representatigns%?“tﬁéocgrllgés [it‘IS_ o,éjs;n’a n éﬁtg{:t %Q;@%M'?SU;% A r}g&&%@s&g%mﬁg%is 30 liesin _th_e fact
H&5H5 Be’Eihe immortal also has an impe c:} !%tt e characteristics of

that the proces Bl TS THA"2E| 1
the cell. For exaipie, i see ik dnen EaicRtie CRsTeSio P et expressing tissue-specific genes
and instead onlyieseprasdimolisekeapiGEHe LTI B dOHRTsE Y ErGRERT el culture - as a
result most sucheceibling® areamoréuikereeth ST ANIKET? 'TEHETRGHPWR they were originally
sourced. Feap 35insiancapmrostdivasted kiings wave stoppeduesprebsingthdyriggidfetabolizing enzymes
that would non-nRally-raken themdnteresiing ool sfentestingadrngtoricigtiddddrtfien aspect 3 of the
invention describgd.hetgin: is anethadiobauivriagreciiase thadidkey pravidesmare accurate models of

tissues. This in (urm would improve thegslighilitvandipssdigivepawerst aall-based experiments and

assays. 5lmproved technigues for culturing cells and methods for discovering and implementing such
techniques for reaffﬁsgﬂ%eﬁ of cellular processes such as growth, differentiation, metabolic activity, and
phenotypic %@(pression are presented in our Qo-Pendin in}grnatj*opalfagrgligatié)dgré/go 2004/031369.
When handling 4ryEsR e BT BaliRimts” i Rty andior cell culture Wstor;/ (for example, the
chronology and #ssisiastisathraaieribren s ReEst Mt EonBitBR SR AR B Y §roup or unit may
have been exposettiepearraduiriistn et o HeEZo0an S8 reRee sNsiMBItREd methods for
determining the jdentipyeantitonoglireuitiize Histony bfidel anit SprehOnedpeel fAER® is described the use
of cell units whichcannbeshanrdled somenientpva teltdiolo gyrexpenmentgsehaiing for example the
splitting and pooling-Pfsaidl HRiiSeristics of the cell. For exampe, most established cell cuftures

have stopped expressing fissue-specific genes and instead onfy-express housekesping

genes required for continuous growth in cell culture - as a result most such cell fines are

more like each other than fike the tissue from which they were originaliy sourced. For

35 instance, most liver celt lines have stopped expressing the drug-metsbolizing enzymes
that would normally make them interesting tools for %ésting drug toxicity. A further aspect



15 The present invention seeks to provide further improvements which overcome some of the
limitations of the prior art. Summary 20 In a first emiodiment, there is provided a method for
determining the cell culture history of a cell unit labelled with more than one tag (eg. type of tag)
comprising the steps of: (a) measuring one or more parameters of each tag that is used to label the
cell unit; (bpidéatifvagieactesagtindheredl iasitmatiopcylcottornm galtese draiihel eueridagne@ehe
25identity ofthersRll WRandipriespetis seltGutwgirondiiens t@wmaﬁm?%#di%%%@een

exposed. In a furth?r embodiment, there is provided a computer program product including a computer
program foPOSRrSNiRg P RRFHRRF B PURBHT 358FRethod described herein. 30 In a further

embodiment, there is provided an apparatus for determining the cell culture history of a cell unit

compriging (Al3,DEACRSHAG 189 P RERRIG RS NI HEIR BLORE SHNG QRRIAUORS; R AcRarAG ce with

the method described herein. 3a In an aspect, there is provided a complex composition coniprising a
microcarrieFHeVitRFABtE PG ecedRfiRga®a 18/d eh Argeassaft st @ g Bireaipiitectanle
properties, wisesednidhadmiiocarier siampiiprs axpaissiah selectprkkontetheigraup canpisitngoof
D T IRS RO Sharlassesoangy ARG en Al sasR AT gl Canandlor
gelatin, and wherein the microcarrier having the charged particulate tag conjugate thereto i

configured foeiadirsrdl@ndipraceliPulirerhisiantdier sysmapie. henchmneiedyeanddtmeeat! thrirsds

providesl a epRRENSUNBIIRING SoMiBKIEAIRST AdRétibediRthdBREakias ofdhsthgs that are

described hg)arg igecc%%%d(\:/gn Las%%ou%ggolﬁ%@?%gl describes improved methods for determining
the identity and/or cell culture history of cell units. In one aspect there is described the
use of cell units which can be handled conveniently in cell biclogy experiments, enabling

for example the splitting and pooling of said units.

15
The present invention seeks fo provide further improvements which overcome some of
the limitations of the prior art.
Summary

20

In a first embodiment, there is provided a method for determining the cell culture history of a

cell unit labelied with more than one tag (eg. type of tag) comprising the steps of: (a)

measuring one or more parameters of each tag that is used to label the celi unit; (b)

identifying each tag in the cell unit; and (¢) correlating the identity of each tag to the
25  identity of the cell unit and/or the speciic cell culture conditions to which the cell unit has

been exposed,

In a further embodiment, 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 embodiment, there is provided an apparatus for determining the cell cuiture history
of a cell unit comprising data processing logic operable fo perform data processing

operations in accordance with the method described herein.

35 in a further embodiment, there is provided a complex comprising a microcarrier and a

charged {eg. negatively charged)} tag.



5 conjunction with the improvements that are disclosed herein. Such improvements comprise for
example the improved labelling of specific types of tgg and specific types of cell unit, the improved
separation of tags from cell units and the improved analysis of tags. 10In a further embodiment, there
is provided a method for separating a complex comprising a microcarrier and a tag, comprising the
step of contiactingasaectothpiexsvithodigroteasewlissremruaitiinicrievantisingo mprisessaidasists or
consists essgNiRllya0hRIOiRe, KbaAlyERE" enRodibrRy theredsia vigedhaymgthaditanpgeparating a

complex comprising a 15microcarrier and a tag, comprising the step of contacting sald complex with

acid. Advarftg R/PfHE?E'?ﬁeYI‘lB‘ﬁ@’Eé‘HeHB'Efé’é?a"ﬂ%@mt%ea aaairiehReieriay T BUeR a way that
the tag can greanatyseidtiugngftherstethockdeseribedyeérgiendy grelysarcthegessettmidg el not result
In tags gnat %ﬁa%@ﬂ'bqﬂc%%é%ﬁh%s%gﬁ%% éHfz&*ﬂﬁ“a%}?ﬁ%gr%;ﬂ‘%@ﬂﬂéré‘%%ﬁg?ﬁq%rﬁlB'em of the

tags being obtaihedin a manner which seriously complicates their analysis - such as the tags
becoming dFé\3E¢8EPRVisEF Rfge Riteeded &Lt /SramragHEe oA %}%@P%ﬁq%@b@&mﬁtﬁh Ina
further embgdiment stheseis provided a method for determining the effect of a plurality of 25culture
conditions on a cell comprising the use of the complex described herein. In a further embodiment,
there is provided 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 culture 30 conditions; (b) pooling two or more of said
groups to form at least one second pool; (c) subdividing the second pool to create a further set of
groups of cell units; (d) exposing said further groups to desired culture conditions; (e) optionally,
repeating steps (b) - (d) iteratively as required; and (f) assessing the effect on a given cell unit of the
culture conditions to which it has been exposed, 5 wherein each cell unit comprises one or more cells
adherent to or bounded by the complex described herein. In a further aspect, there is provided a
method for determining the effect of a plurality of 5 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 specific predefined culture conditions; (b) pooling two or more of said groups to form at least
one second pool; (c) subdividing the second pool to create a further set of groups of cell units; (d)
exposing said further groups in step c) to further specific predefined culture 10 conditions; (e)
optionally, repeating steps (b)-(d) iteratively as required; and (f) assessing the effect on a given cell
unit of the different specific predefined culture conditions to which it has been exposed, wherein each
cell unit comprises one or more cells adherent to or bounded by a complex composition described
herein. 15In a further embodiment, there is provided a method for exposing a cell to a variety of cell
culture conditions, 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; (c) subdividing the second pool to create a
further set of groups of cell units; (d) exposing



20 said further groups to desired culture conditions; and (e) optionally, repeating steps (b) - (d)
iteratively as required, wherein each cell unit compriges one or more cells adherent to or bounded by
the complex described herein. In a further embodiment, there is provided a method for determining the
effect of a plurality of 25 culture conditions on a cell, comprising the steps of: (a) providing a first set of
groups of céll arfiigheictrimaprisihdgiaTe & provided!s canblexpesiigisiam 3roiyecRtRisied 2ulture
conditions; (B} -BASHBY o or more of said groups to form at least one second pool; (c) subdividing the
second pool to create a turther set of groups of cell units; (d) exposing said further groups to desired
culture conditions; (e) optionally, repeating steps (b) - (d) 30 iteratively as required; and (f) assessing
the effect offfeegivetditesll afnitofttye dudtuseecdasditibadg toeveliichat el belepaenzdsed, witieedimeach cell

unit comprises;Ne;oh MAake &siathseRtiporhguaded ayihe Fomplex desarinpd G Ra In a

further embodiment, there is provided a method for identifying a gene which influences a cellular
process, cofRpHEiRg hecstspelatha)aateyvriliaisting sfreeeeifoheetr Aidre eORFREEHRAURSSLON a cell
unit, in accayglnnee, With ithprovethedp-aessrike dderanmanalysinggense mprass aminsaideell units
when expo§gdsto said culture conditions; and c) 5identifying genes which are differentially expressed
under desirett eulture conditions. In a further embodiment, there is provided a method for producing a
nucleic acid which encodes a gene product which influences a cellular process, comprising identifying

a gengdn ageqralance-withithemetheddessikedharein.ans piodycinghideaskiaieeding 10region of
said gene by nucleic acidgsynthesis or biologjcal re Iicr;ation. In a furt;?er embodirir[lint, there is provided
I

a method foPiHEGRIAG LR8I B0 EERE 18 MrEiry theXHEsE st S iGRRBISTHY Bha BIEE genes
which are differemiatyderjsressaircofassesiatoniststhrtbensalislesspraedigimpadenrdance with the
method described herein; and (b) modulating the expression of said one or more genes in the cell. In a
farther embodiment, there is provided a method for identifying the state of a cellular 5 process of a cell,
comprising the SBSoF Ry dERmHinlIE dh B ke viPlicHRera ditarSrmBlRF cRpreddRs in
associsgion miith¢heigetidanfreoass: khadeoidanceontbithesmetbodidesatien.herein; and (b)
detecting the modulation of expression of said one or more genes in a cell, thereby determining the
state of the cellular process of said cell. 10In a further embodiment, there is provided a method for
inducing a ANABIagRSLESS, BERTMSIRgds can be used to separate a cell unit and a tag in 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. Still further, these
20  methods address the problem of the tags being obfained in & manner which seriously
complicates their analysis — such as the tags becoming dispersed over a large surface

area and/or floating on a denser agueous solution.

In a further embodiment, there is provided a method for determining the effect of a plarality of

25  culture conditions on a cell comprising the use of the complex described herein.

In a further embodiment, there is provided 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 culture
30  conditions; {b) pooling fwo or more of said groups io form at least one second pool; {c)
subdividing the second pool to create a further set of groups of cell units; (d) exposing
said further groups to desired culture conditions; (e} optionally, repeating steps (b) — (d)
iteratively as required; and (f) assessing the effect on a given cell unit of the culture

conditions to which it has been exposed,



the steps of: (a) determining the effect of one or more culture conditions on a cell unit, in accordance
with the methods described herein; (b) exposing a cgll to culture conditions which induce the cellular
process; and (c) isolating the desired cell. 15In a further embodiment, there is provided a method for
identifying an agent which is capable of inducing a cellular process, comprising the steps of: (a)
determiningMirriffezacht 6RE BRIMEBPEBGRGRSCOA DTaNARiCIHsasdbrianicéiovithaprnaRstHat $hgescribed
herein; and (b} glentibdngthoseragent(s) which induce the cellular process in the cell units. 20In a
further embodiment, there is provided a method for preparing 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 cell
unit, in accondanotheithstresinibtiteds pestiised tetbiy {b) ddsettifjiing theseffegeoft @ piuhabty infduce the

desirec,cellyift prasRaR NG PLUPIS AL L HRRSDN 01 RITNE eRDEE(S) R0 grfurther

embodiment, there Is provided a method turing stem cells or cells’that have been derived from
stem cells iASAtHSEDARFRIAGTIRE LRSS &) MELDAHE LE-AOOFEAIERE SiHBT JRIifRTTESId culture
into two or meiiedRs afstetndedas amg sedtiing/saidrgopel piafstegrotplisel ider dveat mere
different sets_of culture conditions, wherein 30the, cells are cultured.i | unit e '
comprising S0 s 1 B RS ot SR S SRS, e
aspect, therits plevienpsingctaisdiainen|girmessiemicrln & dutbahapaeile pesieinad el stem

cells iBO/itf%ﬁﬁmﬁrjf;@}B%tﬁiﬁﬁ@?fédééélfllﬁgB@ém(g)%m&alt\féﬂl%eﬁe@;ﬂ@?& &aﬁiﬂqlgﬁgsmﬁture into
two or more, grouyps of stem cells, and culturing said two or more groyps of stem cells, under two or
more diffordHt R PEpBHIEE SAIGURbGD KGO ARSI A MEFRT R D RS R ool
units, each esithnithesrnpeisiasposedomimrncedichatitioraid tcoropilismmoles dynthes cetispieherentposition
described ht%r‘é‘irboundléha_of%&?rh&l@?@&%@éﬁi&ﬁ‘%’s&ﬁt@é@‘ﬂg?&r@ method for culturing stem cells,

comprising 10growing said stem cells adhered to the complex described herein. 7 In a further aspect,
there is provided a method for obtaining differentiated cells from stem cells in vitro, comprising the
steps of. (agsawing stevndoals: adberspidoidbé campliéxXcenpesitiondasaribedhefeill in a culture
medium; (b). transferring t ition fr , ' 0 thel. {c) artionally
repeating s 1) B2 D i L A A Rt
compositiorfa¢ha FOMAEE e RHGiNRE NTeFRrESkS prafit CXRPRIRIN 581 f YT D IHFREREnEWHErR cells in

vitro comprigingithestensebiia) sredinasaidralis onthr compieadrsetibad baseid, aeul (I0d)
propagatingsm)%is%lijggwngesggggg %gcgptghgrggt@@%ﬁher set of groups of cell units; (d) expasing
20  said further groups to desired culture conditions; and (e) optionally, repeating steps (b) -~

(d) iteratively as required, wherein each cell unit comprises one or more cells adherent to

or bounded by the complex described herein.

In a further embodiment, there is provided a method for determining the effect of a plurality of

25  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 culture
conditions; (b) pooling two or more of said groups to form at least one second pool; (c)
subdividing the second pool to create a further set of groups of cell units; (d) exposing
said further groups to desired culiure conditions; (e) optionally, repeating steps (b) — {(d}

30 iteratively as required; and (f) assessing the effect on a given cell unit of the culiure
conditions to which it has been exposed, wherein each cell unit comprises one or more

cells adherent to or bounded by the complex described herein.



10 In a further embodiment, there is provided a method for culturing cells in vitro or in vitro, comprising
growing said cells adhered to the complex describegiherein In a further embodiment, there is provided
a method for identifying a tag obtained or obtainable 15 from a cell unit comprising the steps of: (a)
separating the cell unit and the tag; (b) obtaining one or more images of the tag using a microscopic
technique; dmd ifcharraljsimgethatimagestildbtentinéiondeotifrioge fmaturestohfhentaga  In a further
embodlmergeﬂhg,epg%ggy '@%%H?%Hé%‘éf§%§%W§}%@§ﬁﬁ%ﬁ@%ﬁﬁ‘@bﬂ‘% dHdetermiainaihe effect of

a plurality of culture conditions on a cell. In a further embodiment, there is provided the use of a

rod-shaped T TS0&IPAS £ HhHBviFe 25IaBBNS i [ fRF ASR SeRRTRER AFIBEHIRETE R is
provided thgarse efaasdeshapeditagelisucisasisenaaxwieddiodedét nouingtiverefiiretof anplunality of
culture gondiiane AR B4R il WAL RMEAIEIGRI.JoBGrisiauded 8 mpLadAgpaIplex. &
computer program, an apparatus or a use substantially as described herein with reference to the
accompanying 30figures. Embodiments In some embodiments, the method is an automated method.
35 In some rmbadigentsdaeaeihepilsisbauat:onarhefedtedacmiciotaltieacidvsame embodiments,
the mlcrocarrlerds 2 porous or ?ué%h gro%%rerh%gsln some empgcgérsréentésmthmes Rorodésnwlcr{ocarrler is
selected from the g grou COHEIS topore microcarrier F Cb Sre I microcarmet or a
Cytopore 2 mmoemgd@%mﬁpm mﬁéfn@éaiﬁw@a@bmm@f@ Wﬁr&me@@t leaslutiesheinG L
microGarrierisha e s phes S Mikierasbgrs gl glalibog s oepiiiatioa Microsphere microcarrier, a
Shan microcarrier, and a Microporous MC mic,rocarrier. 10 In some embodiments, the solid
microcarrier Is selected from the group consisting of a Cytodex microcarrier (eg. a Cytodex |, Cytodex
2 or Cytodeh Sfnicrosatreien)eat Biesiinpmiciet amighy &iBioglassmictvbamersa. BA@TisiHgmicrocarrier or
a DE 52153piGiRpartier (a) i SIS ConR0BiMGINS JORRAFMRAIGHS )iRie e iiF e Rb & taom and/or
the optical 15properties of the tags, In some embodiments, the optical properties are selected from the
group consisting of: light reflectivity, colour, the fluorescence emission- wavelength(sy and the
fluorescence emission intensity.



20 In some embodiments, one or moreimage(s) of each tag in the cell unit in the field of interest is
measured. In some embodirne, sna or-more image(g) 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 to
The group consisting- of bright field microsoopy,-phase-contrast-microscom oblique
illuminationgssawaiiepyithaiefictiutrcscepy, idiffeerituldateiferhecaethoradesnitres dspgineflection

contrast 30gHaraSGARYyKAFE FREKRRESBISHISCORY JPelBFIRIBE PSS soms Muerference microscopy and
fluorescence microscopy. In some embodiments, outlines are drawn for the one or more image(s) of

each tag in the cell unit in the field of interest. 35 9 In some embodiments, one or more fluorescence
image(s) ofleachrtag imthéiceltumitrinitheofieiet afrntbre stisdmeagurate statdrvSomBudmbodiments,

outlines for 15,006 ANl IBAGR(RIAIFIAE0 9ria DEANGIAL SOUE AUASARACRTRERLS). I

some embodiments, one or more fluorescence image(s) of eac in the celfunit in the field of

interest is n%‘é%@f@a'%ﬁé&r&w&ﬂ)mm@m&n%@e@@oﬁb@wm RPN EMBERIHAgNts, each

tag in-the calbthit igdslemiicddmifeadininearey morsdulanatefepbihsitag wikhia the ene or
more. outhnes In some emb(ﬂd [_pents éh%one or rsqar% %eterﬁl&f the taé;S e% he ar Fland/or

t
optical densmty SRS tag. A% sfeby determining t ar proc said ce

10 In a further embodiment, there is provided a method for inducing a cellular process, comprising
the steps of: (a) determining the effect of one or more culture conditions on a cell unit, in
accordance with the methods described herein; (b) exposing a cell to culture conditions

which induce the cellular process; and (c¢) isolating the desired cell.

15  In a further embodiment, there is provided 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 cell unit, in accordance with the methods described herein; and (b)

identifying those agent(s) which induce the cellular process in the cell units.

20  Ina further embodiment, there is provided a method for preparing 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 cell unit, in accordance with the methods described herein; (b)
identifying those ageni(s) which induce the desired cellular process in the cell units; and
c) synthesising or isolating the ageni(s).

25
In a further embodiment, there ts provided a method for culturing stem cells or cells that have
been derived from stem cells in vifro comprising the steps of. a) incubating a stem cell
culture; and b) splitting said culture into fwo or more groups of stem celis, and culiuring
said group of stem cells under two or more different sets of culture conditions, wherein

30  the cells are cultured in cell units, each cell unit comprising one or more cells adhered to

or bounded by the complex described herein.



In some embodiments, the one or more,parameters of the tag are inputted into a spreadsheet in
some- embodiments, the fluorophore is selected ITQTI the group consisting of a 20fluorophore
that-emits a blue, green., near red-or far red fluorescence. In some embodiments, where two- or rora
tluor-opflothe flucitophores do not quench each other. 25 In some embodiments, the sizes are selected
from at leash&adiffthrentsizes thauehsasdyided ametitie fentsizendstsoneibntbodiindms hthe sizes are
selected fro de,r0up eRSiSHiRGRhER ids- 8aKTh ARG b ARBoaROU) rdiHaiaP I ErARay about

7.4pm, about 9.7prn and about 9.8prn- In some embodiments, the fluorophore is Selected from the

group consi‘é‘ffﬂﬁeofalﬂ@’f) SPQH“I'PQ Fﬂé@l SHEFRTTCMA §6m@rérﬁ%iﬂﬁw@cn??'fhéeé{ﬁaﬁwtﬂ%%phore is
selected frogaid d}ﬁemnﬁm@rﬁeﬁs 10 Hesomeiennhodinmentsr these qlitniiesaie vidipatitt by
ranges (eg. ranges o fI rescen t some.em ff t ty gives
about a5(5 t(f3 E)e?%lcf1 g fereHEee R B fnvéﬁég')éi'r? s?le)%n(é%gém %d?n%gﬁrﬂésgrﬁegeﬁa%%t 51a%i}t %L(ﬁ}étrent
parameters@ﬂm%ﬁﬁ‘e‘geﬁﬁ@oarm”éﬁ@, ﬂ‘i’@ﬁe%ﬁb@a@%é@,tcﬁ differeatlinte gees . Compieso AREeRfisIiments,
the microcagdesis e pRIaWs micracarrier. In some embodiments, the microcarrier has a net charge. 15
In some embodiments, the microcarrier comprises, consists or consists essentially of protein,
cellulose, polyethylene, polystyrol, glass, collagen, collagen-gylcoseaminog4rcan ancitor gelatin. In
some-embddiméntsethmrtagdmaend ey, @0vided a method for culturing stem cells, comprising

10 growing said stem cells adhered to the complex described herein.



Ib some embodiments, the tag has a net charae. In some embodiments, the tag has a negative
charge. 25 In some embodiments, the charged tag ig a sphere. In some embodiments, the sphere is-a
microsphere. In some embodiments, the microsphere is about 9 {AA or Less in diameter. 30- In some
embodiments, the microsphere is a carboxylate modified (ClviL) microsphere. In some embodiments,
the tag conmiprisktfeoRsisesiotivoa siqusoriisshaaligtodp iy siyirinog Feredinedndle dintesiemhe

complex (egq{ReMiRFECRHAGEishaARerefbos e@.%i PAERJ s1Bih Ehdnanmermbodimsmisert least

one antibody is bound to the cell unit. In-some embodiments the rod-shaped tag-is a nanowire, 5 In

some embddMRPRE otk eI SHRGTe S allimfhiGHHENSIFARYT SSh BRYGRHetE tieRRESwire is
coated withcaiwpositisticirgroldntOchitsame eetinibo daresoitss the haptoviady Seiseiiny | Vieor (Rsssn

diametgr.. 1,076 ebog MRy AR 2O AU IER ARl 3T,

embodiments, the microcarrier is a porous microcarrier. 15 -In-some embodiments, the porous
miciocanter is a charge neutral rnicrocarrier. In some embodiments, at least one antibody is bound to
the cell unitm20niniee o embadimenisyiheiaicromisian camprises: Ransistmeeconsiats essentially of In

some embodiments, the mic.rocarrier i ltispher,mi rrer. I i ts, the
microcarrier is Se 2‘{; %ﬁéﬁ?ﬁﬁé’?@(g ngidr'%s%%% (c)? lfals éﬁﬁ@%égp&?%n@?%%@%grﬂ%}%ﬁ%ggh@GE
microcarfie PEFREEANING She e&lsibitscaliaehed to the complex.

10
In a further embodiment, there is provided a method for culturing cells in vitro or in vitro,

comprising growing said cells adhered to the complex described herein

In a further embodiment, there is provided a method for identifving a tag obtained or obtainable
15 from a cell unit comprising the steps of: (a) separating the cell unit and the tag; (b)
obtaining one or more images of the tag using a microscopic fechnique; and (c)

analysing the images to determine one or more features of the tag.

In a further embodiment, there is provided the use of the complex described herein for

20  determining the effect of a plurality of culture conditions on a cell.

in a further embodiment, there is provided the use of a rod-shaped tag — such as a

nanowire to label a microcarrier.

25 In a further embodiment, 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 embodiment, there is provided a method, a complex, 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 is bound or adhered to a microcarrier.



In some embodiments, the protease is selected from the group consisting of proteinase K, typsin,
thermolysin and caspase. In some embodiments, the proteinase K is used in an amount of about
0.6U/m1 or less. In some embodiments, the complex is contacted with proteinase K for at least 20-60
minutes. 12 In some embodiments, the complex is contacted with the protease in a volume of about 5
piorless. In some embodiments, the microcgrder comprises, consists or consists essentially of
5cellulose. In some embodiments, the microcarrier is a Cytopore microcanier. In some embodiments,
the microcatrrier is a Cyto.pore 2 microcarrier. In some embodiments, the tag is-a sphere. In some
embodiments, the acid is selected from the group consisting of hydrochloric acid, sulphuric acid and
sodiumhypochlgrite,.1548:5me anhadimrnis: taenade-sad dchydrechloric acid (-12M), In some
embodiments, the acid is concentrated sulphuric acid. 20 In some embodiments, the complex is
contacted with add in ;. yQlime {300t BiBbOLESE diksameAmOgdpsasthecomplex is
heatecLinthe préSence of the acid. 2oln some rthodiments. the, cells agg.culiugaddn cell units, each cell
unit compriﬁngcé'ﬁg‘}f)er MEEEREa S samnf}g god?ments?ﬁHGe cell-units are single cells. 30 In some

e

. . - . e | si
embodiments, (FEIRUFCEEHTRIGE LR dr%gro Which Sggﬁris}"eﬁgg?émdp. In some embodiments,

the media cont&ivtienierr REPESHe AR dRIEHS WIRERHTiuEns USiIRFBFEEess’ 35 in some
embodiments, therceltoetisreaosndificrrses iR EENEHNg at one or more specific temperatures.

10 In some embodiments, the sofid microcarrier is selected from the group consisting of a
Cylodex microcarier {eg. a Cylodex 1, Cviodex 2 er Cytodex 3 microcarrier) 2 Biosiion
microcartier, & Bioglass microcarrier, a FACT Ui microcarrier or a DE 52/53 microcarrier.

in some embodiments, the parameter(s) are the size of the tags andior the optical
15 properties of the tags,

in some embodiments, the opfical properfies are selecied from the group consisting oft
fight reflectivity, colour, the Runrescence ermission wavelengihis] and the fluorescence
emission infensity.

20 _
in some embodiments, one or more image(s) of each tag in the cell uni in the fisld of

interast is measured,

In some embodiments, ena or-more image(s) of each tag in the cellunit In the fisld of

o5  interest is measured using micrascopy.

in some embodiments, the microscopy method is selectsd-iro The group consisting of
bright field microscopy, phase-contrast-micrescopy; oblique ilurnination-microscopy, dark:
fipid rnicroscopy, differential inferference  confrast microscopy, reflection contrast
30 microscopy, varsl contrast micreseopy, polarizing microseony, interference micrescopy

and fluorescance microscepy.

I some embodiments, outiines are drawn for the one or more imagefs) of each tag In

the celt unk in the field of interest,



13 In some embodiments, the cell culture conditions comprise culturing on one or more specific
substrates. 5 In some embodiments, the desired culture conditions influence a cellular process. In
some embodiments, modulation of gene expression in the cell comprises transfection of said one or
more genes into the cell. In some embodiments, modulation of gene expression comprises the
exogenous administration of a gene product. In gome embodiments, said one or more genes encode a
marker. 1$ in some embodiments, said marker may be detected by an immunoassay_ In some
embodiments, the cellular process is cell proliferation (tit differentiation. In some embodiments, the cell
units are singleigelise 200Risemeembodimutsssaid sraistellksdiresdnbje s/ droaf least one change
of culture conditiRsi of HESPRB850Radiments, said change of- culture -conditions comprises a
change of 25 medium. in some embodiments, the differentiated cells are- isolated by enzymatic or

chemical detachment o he;CcOmREPALLSOIG I eRlsells dilfaieaiizied colls are isolated
by digestion of the complex. Descgl tion of the Figures  Figure 1 shows a sample of coloured Duke

microbeads YVieWgE TRe ecreﬂaeﬁlfn Aicr )scopy 35 with Black, Red and Blue tags in two different sizes

(5.4pm and 7.6pm). 14 Figure 2 shows CuItispher-G,microcarrie%s tra};‘)%%&%n@ 70pm filter during
washes to remoPETRFEEARIPFRPBL LTI FERYE THSH %e@ér[n ¢ Which pass through.
8

the field of interest is measurad for each fiuorophore that is used i the fags.

46 In some embodiments, gach tag inthe celrunlt is ideniifiad by reading the one or more
parameters.of the tag within the one or more. outiines,

In some ambodirnents, the one or more paramesters of the fag are the area and/or optical
density of the fag.

15
in some embodiments, the one or more paramefers of the tag are nputted info &

spreadshest.

‘n some embodiments, the ﬁuomphdra is seieced from the group consisting of a
20 fucrophere thetamis a biue, green, hiear red-or far red fhuorescence.

in some embodiments, where two or more flucmphores are bsed, the fluorophores do

not quench each other,

25  in some embodiments, the sizes are selected from at lsast 3 different siges —guch as 4,

5, 6 or 7 differant sizes.

in some embodiments, the sizes are selected from the group consisting of about T.8um,
about 4.4um, about 5.4um, about 5.8um, about 7.4um, abold 9.7um and about 8.8umy

30 .
In some embodiments, the fucrophore is salected from the group consisting of UV2,

Starfire Red and TRITC.

in sorme embodiments, the guantity of flucrophore i salected from 5 different quaniities.

35



Figure 3 shows the digestion of Cultispher-G mtrocarriers with 2U/m1 proteinase k 5(figures show the
same microcanler over a 15 minute period, as indicated). Figure 4 shows the digestion of Cytopore 2
microcarriers with 37% NCI (-121VI) (figures show the same microcanier over a 1 hr 30m period, as
indicated) 10Figure__ 5 shows an Imagepro Tag Analysis -Flowchart for microscope analysis to identify
one or more area and/or optical density values fog a microbead. Images are taken using various
exposures and filters: UV2 fitter. Ex 340-360nrn; Em 435-485nm; TRITC filter Ex 540/25nm; Ern
605/55 rim; Starfire Red: Ex 620/60nm; Em 700/75nm. 15 Figure 6 shows a Tag ID Flowchart in which
the microbeads (tags)saraipiiddiffetbatesmegitenctrwiticddé Vel srafoie dropoassAcfiuorophore B.
Fluorophore A isildMd&anédidatsrarophore B- is-TRIT.C. Fl - mean optical density measurement for tag
using UV2 channel; F2 - mean optical density measurement for tag using Staff:re Red channel; F3 -
mean optical- dgnsify measHrement SoLaR KR RIEC £hanNe kMo dqwakdisaitier 20 fluorescence of
tag 1; f2 - up ert!;iln?]ittngs)sr fluorescence- of tag 1, f3 - lower threshold for TRITC fluorescence of all tags;
f4 - lower limit for fluorescence of tag 2; f5 - upper limit for fluorescence of-tag 2 etc.; Area - area
measurement; al - lower area limit for-tag of size 1; a2 - upper area limit for tag of size 1; a3 - lower
area limit for tagibTo813 o dm=" 5 PP AF TR fGTHRY BrE9ES etc: Y= yes; N = no. 25 in further detall,
box .(a) shows that the lower limit for a first parameter is less than the mean measurement for a- first
parameter and thesenperiidriefts hefiesrpaikanstdiiistideagr than. the mean measurement-for a first
parameter; wx (b) shows- that the lower-limit for a second parameter is less than the mean
measurement for aosReaRpRIANR eficaRrd thewppetidisaitfar a second parameter is greater than
the mean measurement for a second parameter, boxes (c), () (i), (k), (0), (q), (t) and (v) each show
that the mean mgagurementiotadbignarameter isqreater 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 inte%er of aegarameter are measured. In &articu@,g@% g§52535§9n%\£\ﬁ3§ gpat the lower area

limit for an iﬁ?eger ofs pa?gdrhmeetrgsr‘iﬁswfems'g?ﬁaanﬁeihcgn ean measurement of the parameter and that the

upper area limit ¥64fte iftEGeF o 18 Y8 BarBiEW is eI th &S REEr P YRESsurement of the
parameter. This #iregeaicidst fitther integers of a parameter in boxes (1a), (), (n), (p), (s) and (u).
Figure 7 shows an alternative flowchart in which one or more integers of a parameter 5 are examined

~ serially, such that thefmalodNentictistiesisfrornafaigure 6 will go on to interrogate those integers for a

further parappeter. Fluorophore A is Starfire Red and Flurorophore B is TRITC. For example, Fl and F2
may be examinegd sgral.sHehdhal thedinaleNaadecisions from Figure 6 will go on to Interrogate the
Starfire Red values for the relevant size tag. FI - mean density measurement for UV2 channel; F2 -

mean 10 density -measurement for Starfire ﬁgsgrg@] [; F3. - mean density measurement for TRIG
| mx‘f . e o
channel; f18 - Iovr\}es?rnmﬁin%grif uo?es?:er?ce of tag l9; f19°- upper limit for fluorescence of tag 9; 3 - lower

threshold for TRITC fluorescence of all tagsl; Y = yes; N= no. 15Figure it shows a macroporous
CultiSpher-& ge A B ATRIS e F&° PREEIFBIORATCEIAB) seeded with mouse -ES cells- and stained

with a kit showing alkaline phosphatase activity, a marker of pluripotency_
In‘sarme embodiments, ie sphere isa minrosphere,

in some embodimenis, the microsphere is about 9 uM or less in diameter,
3¢
in some embodiments, the microsphere is a carboxylate modified (CML) microsphere.

In some embodiments, the tag comprises, consists or consists essantially of polystyrene.

35 in some embodiments, the compiex (eg. the microcarrier) is adhered or bound fo a cell

unit.



Figure 9 shows a sample of the 140,000 microcaniers processed by Combinatorial Cell 20 culture
through:the matrix shown in Table 1 and incubated-on 013 with the macrophage assay reagent
DQ-ovalbumin (Molecular Probes). Top left panel shows a phase contrast image of the microcarriats
The top right image shows the same field using a RIC filter set, whereby macrophages are easily
distinguishable as large, round cells internally labelled with green fluorescence. The bottom left image
shows: the same field-using a 25FITC filter set, revealing UV2-4oaded tags associated with the
microcarriers. figurelD is as for Figure 9 button a different field. Figure 11 represents graphs showing
the number and identity of all tags found on the 30 microphage-bearing microcarriers a) C5, b) A22

and c) E6. The hars,manked uith anastasiskindb} aoehCldenefmishe conditions which were later
determined to result in reproducible macrophage differentiation. _Figure 12 is an example of a

micr(_)carrier pezf\(isré éarrgo% T%gp}g% g;cgj&gggggg.gg g,;gg@gg 35 with DQ-ovaIbl_ijn (Molecular Probes).
16 Figure 13 is grapT’nca representation of the 50 microsphere tags commissioned from Bangs

Laboratories (Fishers, IN). The microspheres were sized between 1.87gm and 9.T,Tturi and were dyed
with five disting{figemb e REHFETRIRE FTbPITOrE SEME Red or alternatively LIV2. 5 Figure 14 is
a calibration sample of Starfire Red dyed microsphere tags analysed according to tag size and

fluorescence intensity attadyheets. dqyastrie seghirg. Wi ¢aligidtion sample was used to determine
parameters (denoted by ovals) for the classification of tags bound to microcarriers. Figure 15 shows

quality contgl inagas Siveershamped.pavicle snisegiinthecxparetent, obtained using illumination at
430nm and a 63X objective. Left image 101010; Right image 100001 (where 1 = Ag and 0 = Au)

15Figure 16 is an image of a lapelled cell gnig&)@iw Withoeutrakred vital stain to reveal living cells
and showing agsﬁ‘o"%&”é?gg' ?%ﬂ?sﬁ%“%p’!‘éﬁnﬁ’é%"tﬁ‘é|§s -(indic%#ed with arrows), obtained using bright field

illumination and a 20X objective.  Figure 17 is an image of rod-shaped patrticles liberated

4

following_proteitt4e83ethyEewsi: ST rANEIE A BEN LRIt Gbtained.using, bright field illumination and a
20X objectivé. Figure 18 is-an image-showing discrimination of two different-particles liberated

followingproteinasetdigestivantf tid abetoticcsHimit DhRHTeEHZiRg e filter set (Ex. 436/10; Em.
465/30) with a-1-00x oil' immersion objective. The particle on-the, leftis 100001 and 25the particle on

the light is 101040 Detailraiescsmionaf decyentionDefiritions

o0 In some embodiments, the microcammier comprisss, consists or consists .essentialy of

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

s5  In soms embodiments, the microcarrier is selected from the group consisting of &
Culiispher-G micmearrier, 8 Cultispher-GL microcarsier and Cullispher-5 microcarriar.

In some embodiments, the profease. is sefected from the group consisting of proteinase
K, typsin, thermolysin and caspase,

30
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 profeinase K for at least 20-60

mminutes.
35



30 Culture 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. Thus,
the term refers to the medium, temperature, atmospheric conditions, substrate, stirring conditions and
the like which may affect the 35growth and/ or differentiation of cells. More particularly, the term refers
to specific agents 17 which may be incorporate,g into culture media and which may influence the
growth and/or differentiation of cells. Cell A cell, as referred to herein, is defined as the smallest
structural unit of an organism 5 that is capable of independent functioning, or a single-celled organism,
consisting of ong QFMere-BHEle, tytaplasim @nrdsitttergemeics 2 atigtrdabried by a
semipermeableﬁguquQ[nbrane or cell wall. The cell may be prokaryotic, eukaryotic or archaebacterial.
For example, the cell may be a eukaryotic cell. Mammalian cells are preferred, especially human cells.
Cells may be natural or modified, such as by genetic 10 manipulation or pa ing in culture, to
achieve desired“—ﬁ?@ﬁéﬁ‘ﬁ@?f%@eﬁﬁeﬁ’ﬁ?@%’gﬁﬂ’& ﬁ'rﬁ%ﬁ%%e%ﬁ%%ﬁ%ﬁggﬁ%ﬁg éa}%otipote,nt,
pluripotent ér mesitifsstentcell capable of giving rise to more than one differentiated cell type. Stem cells
may be differentiated in vitro to give rise to differentiated cells, which may themselves be multipotent,
or may be terminatiyiiffesaniiate the Gilisaitfcserititiets MiYREe &e cells which have been created 15.
artificially by exposing stem cells to one or more agents which promote cell differentiation. Cellular
process A cellulaLprocessissanychasasiesistic cunetionnpresess-, event, cause or effect intracellular
or extracell%ar, which-occurs or is observed or which can be 20 attributed to- a. -cell. Examples of
cellular processes |nglgq§ddpljetn%[%gga l_HQQ&QEat.O? viability, senescence, death_, plurlpotency,
morphology, agnaﬁfﬁ’ﬁg%m Ing, recognition,. molecule production or destruction (degradation),
mutation, protein folding, transcription, translation, catalysis, synaptic transmission, vesicular transport,
organelle functidhs¥ei SRS RGO f ‘,5ﬁ'féeﬁfeedrgt%nnﬁ,%i%/ﬁ%lfpo)rgf?%%%gﬁeon%[?atlrgﬁﬁ)g#enotype, genotype,
gene 25expressioi, sHPitHE eBfifs BFtRBE%RTEEEsses. Cell- unit A group of cells, which may be a
group at on& Pools of cell units may be sorted, subdivided and: handled without substantially
-dissociating thercethsiaitstiremissheesidsudiicthatthisrselfdhit®BBhaves as a colony of cells and each
cell in the cell 00unit is exposed to the same culture conditions. For some embodiments, a cell unit
may comprise a;mickecaianmaibeadio whichnsrdeeretdcagtoup 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 derjyed, by 3550me IDEANS.TA AIAIAIERLCEI o

lzss,

In somie embodiments, the complex is heated inthe presence of the acid.

25 - In some embodiments, the cells are cultured in celt units; each call unlt comprising ones

or more-celis.
" in some embodiments, the cell-unils are single calls.
30 In some embodiments, the culture conditions are media fo which the cell is exposed.

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

cellular process.

%5 In some embodiments, the cell culture condifions comprise culfuring &t ohe or more

specific temparaiures.



18 Pluripotent A pluripotent cell is a cell which may differentiate into more than one, but not all, cell
-types. Tag In one aspect, the term lag", as used herein, meters to any tag that is used to 5 identify a
cell unit and/or determine a culture condition, or a sequence of culture conditions, to which the cell unit
has been exposed. In another aspect, the term lag" refers to any tag that is added to a cell unit as a
means of specifically Labelling that cell unit, thys facilitating the identification of a cell unit and/or the
determination of a culture condition and/or a sequence of culture conditions, to which the cell unit has
been 10 exposed: Suitably, the tag-exists in a number df related but distinct variants which are easily
distinguishable, as described in further detail-herein. The tag typically-forms part of a complex with a
microc-arrier - %g&g@&%@%ﬁﬁé—@ﬂ&%%ﬁiﬁﬁ aiEtepeliePavtmeaniserdor some
embodiments, t %&%guigshaagghere or a bead - such as a microsphere or a microbead. For some
embodiments tfe ag'Is a rod-shaped particle - 15 such as a nanowire. As referred to herein, the term
"tag" is synonymous with the term "label’. Exposure to. jti cell is exposed to culture
conditions Whel? Wﬁﬁ%ﬁ“ﬁﬁt%%%ﬂ%iﬁ%% me |§%Q,l%};%€van%l%;e%%n%itions which affect one or
more 20- cellular process(‘es) such as-the growth, -differ_entiati%?n, Hc!)rﬁme%k%%ggﬂ%ate-ti the cell. Thus,
iflhe _culture cometitiorsimgmeTisaedraiane BReNTRIEMGH Hhe call IS placed in the-medium for a
sufficient periodaktime fomitdgehenetaheeffct. Likewise, if the conditions are temperature conditions,
the cells are cultured at the desired temperature. 25Pooling The pooling of one or more groups of cell
units involvgs the agdmixtukeiabike gsauapniotreate esngie GroussT JoPWEfEPFEomprises cell units of
more t_han- one ag%mgwgg%@m have _been exposeq to more than-one dlfferenlt sets-of culture
conditions. A pool may be subdivided further into groups, either randomly or non- randomly; such

roups are not themselves "pools" for t L t may 30 themselves be pooled b
gomk?ination, fol eRMPIR"S 5?%)%:8935?%?{(?%% eresn%{ggﬁsﬁlf%ﬁﬁtre cyonditions. Prolifergtion CeIIy
growth and cell proliferation are used interchangeab drgera%ip ;rgud%&%e multiplication of cell numbers
without diffefentiazien fteretare GBI EHEEYSF J8Tineages. In other words, the terms denote increase

of viable cell numbers. In some 19 ) N
In some embodiments, the cellular process is cell profiferation or differentiation.

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

20
in some embodimerts, said stem cells are subjected o af least one change of culture
copditions.
In some embpdiments, said change of culiue cendiions comprises a change of

25 medium,

In some embodiments, the differentiated cefls are: isolated by enzymatic or chemical

detachmert from the-compiex.

30 In some embodiments, the differantiated cells are isclated by digestion of the compiax.

Descrintion of the Figures

Figure 1 shows a sampie of coloured Duke microbeads viewed under light ICrOSCoRY
35  with Biack, Red and Blue tags in two different sizas {5.4pm and 7.64m).



embodiments, proliferation is not accompanied by appreciable changes in phenotype or genotype.
Differentiation Cell differentiation is the development, from a cell type, of a different cell 5 type. For
example, a bipotent, pluripotent or totipotent cell may differentiate into a neural cell. Differentiation may
be accompanied.hy praliferation, or may be independent Thereof. The terra ‘differentiation’ generally
refers to the acquisition of a phenotype of a matyre cell type from a less developmentally defined cell
type, e.g. a neuron, or a lymphocyte, but does not preclude transdifferentiation, whereby one mature
cell type 10 may convert to another mature cell typeeg. a neuron tot lymphocyte. Differentiation state
The differentiatioustaterofacmlistiferavskitewitiohed eblk RAguiiRséfifated oy a particular
pathway or lineagevdalate mfraneaiiutar prasesamhe Statpvoih maldlep@rocess refers to whether a
cellular process is occurring or not and in complex cellular processes can denote a- particular step or
stage in that cellylar Brogsss,EQlxMp S Rssliubdiferatatianpathwannaicell may be inactive

or may havg bagt indyced, a0d Mav.compse s anhmAsEaldissgiasiers or components such as
signalling events’™-characterised by the presence of a 20 characteristic set of enzymes or

intermediates. Gene A gene is a nucleic acid which_encodes a gene t,_be-it a polypeptide or an
RNA gene prodi@i*né §&ug fsdineigetie fides éf%{*?ﬁ(g’f cﬂ% |Et§)g§§de%%§ which -encodes the
gene product; iffisiasT HpHERARTEMERHEISTCE? MoTE TRy kS %gibns 25 necessary for the
transcription and/or translation of the coding sequence. -Gene Froduct A -gene product is typically a
protein encadedipyrasges 4n o anivlya Mewet. foHwaE e '9t88%ncompasses
nompolypeptidengena-pradueisiosughapdsniipmicieior aciisohndvicirages erddtaddRE the gene. 30 Nucleic
acid synthesis Nyglaic,acidssnayikessynihesisedactardingnozangsavailBbiefitecizique. In some
embodiments, nygleic acid sypthesisdssauiomatescddereevetomasteic acids may be produced by
biological replication, such as by cloning and replication in bacterial or eukaryolic cells, according to

proced_ureséknog_vyn ;I-Q ‘tshsfem%rt tas% g%l;'yvgclﬁﬂtggl gégﬁggﬁj@g&%&g%mwoﬂeﬁgﬁssed at different
levels in re ?)onsguto cell culture™on |t|on§‘égﬁ b Ide tlfleg' ression,analysis, such as on

ene
a gene away, by ATetfOHLRIbRIT FTHIESH Cenes \%‘f&ogre di e?%inﬁrgg expressed display a greater
or lesser quantifeTIRINE Brigeite SroduettPiie B thasFHETEs Conditions Sthan under alternative

conditions, relativetel:cve rathyepisabsgRis SieRTBERE for fahSBe f61 e BRI be transfected into cells
by any appropristermesnas ddria: teeasurement for tag using TRITC channel: 1 - fower limit for
=0 fluorescence of tag 1; 2 - upper limit for fluorescence of tag 1; 13 - lowar threshold Tor
TRITC Ruorescence of all tags; #4 — lower limit for fluorescence of tag 2; 5 — uppar limit
* For fuvrescence o-1ag 2 i, Area - area measurement; at - lower area fimit fordag of
size 1: a2 - upper area lmit for tag of size 1; a3 - iower area fimit for tag of size 2; a4 —
upper-arazs lkmit for tag of size 2 i, Y= yes M= no.
25
in fuither detafl, box {a) shows that the lower imit for a first parameter is less than the
mean measurament for a first parameter and the upper limit for a first parameter Is-
greater than. the msan measurement for & first parameter; box (b} shows that the lower-
firmit for a sesond parameter is iess than the mean measurement for & second parameter
30 and the upper-limit for a second parameter is greater ihan the mean measurement for a
second parameter; boxes (¢}, )} (), (K} (o), (g). {t) and {v) each show that the mean
measurement for a third parameter is greater than the lnwer fimit for the third parameter;
box (e) shows that i the result from box {b) is negative then the upper, lower and mean
measturements for a further integer of a parameler are measured. In particular, box {2}
25  shows that te lower area fimit for an integer of a paramster is less than the mean
measurement of the paremeter and that the upper area fimit for the integer of the



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 10transformation, viral
transduction, slectroporation and'the like. Modulation The term modulation is used to signify an
increase and/or,decrease in the parameter being modulated. Thus, modulation of gene expression
includes both increasing gene expression and decreasing gene expression. 15 integer This term refers
to an individual entity of a parameter. By way-of example, if the parameter is the size of a lag, then the
integer will- be one or more of spectfic sizes within the parameter. 21l Identifvingtags associated with
one or more cefusaitsdnanesaspect irers ReproFRstPHTR BURIF ST TtETPRFARG ‘Tie cell--culture
history-of a celkuné- pbedledr with--mere itharohe Gadé. $1end than one type of tag) comprising the
steps of: (a) measuring_one or more parameters of each tag that-is used to labeLthe cell unit; 25 (b)
identifying eacig.,i%ig the.cell upit, andHeleor e idinthaidentinabeath fagretthe identity of the cell
unit and! the specific,cell cUlte condiions. tgrurhieh Mg Gelliwaithastieon @xposed. In a further
aspect, there is also provi ed a method fo 9@@{5}3@%@9:&%%%&%@%%'ﬁé§t9:§¥ of a cell unit labelled
with one or mof'ét?T%%% o?st%%i’tgg%spﬁrsfing the %}eﬁpg 'Q;: (%) Q tainin EQ%E?%GH% the cell units in a
form suitable foF&ERIETE () FEGs RN CRe or more pa anewee%{é‘%nfﬁ eacti tag that is used to label a
cell unit (c) iderttrmiey WA drcRyHeRe G MR B RO PREI T HE S dentny of each tag to the
chronology andtiderititsebtithéagelFéulrnre SertitiBResr Rt tHECEIFtRit Fas B8N exposed. 35 21
The parameter@nshanbe.thasizeobtietigs dndel fie optalPrpEESHTidYags. Examples of the
optical propertiegiof thestags ircluteebinhare: Mobtewiad td, lightréffectinity, 8dfol#, the fluutem..ence
emission wavelgpaihis):.andigrathe fueraseanes e missiondrtensityf B Fe1cElk upd(s) to be analysed
may be separatgd 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

15  Figure B shows a macroporous CuliiSpher-G gelatilne microcarriers (Percell Bioktica
AB) seeded with mouse ES celfs- and stained with & kit showing alkafine phosphatase
activity, & marker of pluripotancy. '

Figure 8 shows a.sample of the 140,800 microcaﬁ:ieré processed by Combinatorial Cell
20  culture through-the matrdx shown in Table T and incubated-on D13 with the macrophage
assay reagent DQ-ovalbumin (Ficlecular Probes). Top Ieff panel shows a phase conirast
image of the microcarriers. The tep right image shows _the same field using & FITC filler
set, whereby macrophages are easily distinguishable as large, round cells internally
tabefied with green Tuorescence. The bottom left maég shows. the same field .using a

a5 FITC filter set, revealing UV2-loaded tags associated with the microcarmiers.
~Figure 18 is as for Figura 9 but for a different field.

Figure 11 represents graphs showing the nurmber and identity of ali tags found on the
30 microphage-bearing microcarriers 2) G5, b} AZ2 and ¢} E6. The bars marked with an
asterisk in b} and cj denoie the conditions which were later delermined o result in

reproducible macrophage differentiztion.

Figure 12 is an example of & microcartier bearing large number of macrophage stained

35 with DQ-ovalbumin (Molecular Probes).



10 embodiments, this_is achieved by enzymatic digestion and/or acid hydrolysis of the cell unit. In
-some- embodiments, this is achieved using the methods described herein. Advantageously, in certain
embodiments this results in destruction of the cell unit but the tags are obtained intact 15In one
embodiment of the-present invention, one or more different tags are measured for a cell unit-- such-as
a cell unit contained in a sample comprising a pjgrality of cell units. In some embodiments,-there will
be from about2 to about 50 or more different (types of) tags per cell unit In-some- embodiments there
will be from about 2 to about 40 different 20 (types of) tags per cell unit In some embodiments there
will be from abdg2et@abe ps0cdifReressoiEinpes ) Sags pRANEIR FEMTEMRIEEITE Biffbodiments there will
be from about Ztag=abetikRfkdifferent (ypee offtagepemesi| dnsit, brveembtémbeadirrients there willbe
from about 2 toahout 10 different (upas eikiagspas cehumni. 23e aemsembadianents, there will be
from about 5 to Qut ?05%\169% different (types of) tags per cell unit. In some embodiments, there will
be from about 1010 about 50 or more different (types of) tags per cell unit. In- some embodiments

there-will be’ from about 15 to about-50. or more ndt Qpes of eg%é)er cell nit. In some
embodiments, & \iAIIbe FRSFIBTHES © g%' g@ orymorrnescr erent. gdy #{) tags-per cell unit. In
some 30 embo@mAEHTs f‘iﬁ@ré’%ﬁllﬁ“ﬁé‘%ﬁ‘faﬁ%ﬂ?ﬁ%tgkﬁﬂﬁ@@ W‘?ﬂ%ﬁ? eré‘i?nen (types of) tags per
cell unit. In sonTeiemtiondizmelstsatharedvill G BBt 8eaBtt Cb BB ifferent (types of)
tags per cell unitzdsitsatioresiaagh bdim artisrebrsierwill 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 gfjtags persaibinisirsemnes3bembatimentssthese vikbepfroranabout 45 to about 50
or more different,(iypes.af) iReste RELSEHUDBH Nsemg-embadimess 1tin@meeted that there will be
about 50 or more differant (ypes of) fagsmnet.gell unit  In some embodiments, there will be about 55,
60, 65, 70, 75 or even 80 or more different 5(types of) tags per ceII unit. In some embodiments, there
will be about 55, 60, 65, 70, 75 or ev[eggo 9{% lioga ned Q.Qam or.mare different Owes of)
tags per cel PPunitsR A%t fﬁé{fﬁg?é-"ﬁ? rerled st ST Shove may ave 'ber of different integers. In
some embodim&fig, teredrerreageecden E?Fbarﬁﬁ?grﬁ?ﬁ’?ﬁfeé gt each paraimeter. 10 in some
embodiments, thieinesresiag pgldf i‘é)ﬁﬂiﬁ@?é?&ﬁﬁ‘ié&@?s"‘f%&ch parameter. Fn some-embodiments,
there are at least 15 different integers for each parameter. In some embodiments, there are at least 20
different integersijareaachsparametesd-th=semerimbédirrefdohenactriesst fedese®S different integers for
each paramegter, o semne emhodimpnisstkereanedineastdtaiferntiatdgers-for each parameter. In
some 15 embodiments, there are at least 35 different integers for each parameter. In some

embodiments, there are atIeast 40 cdiffeentiniegsrsdereasbpasameiaidneame embodiments,

there are at least by APl ISISLE L Sal £AERT G SepIRETIRAdineS, there are at least
5(3 different int r_-gersafsar each param me em |meq;ts1e@%r%gggear%t least 2 different

The Cle on-t
parameters and rﬂ‘l(‘%ﬁé ?P‘?a\ﬂt%adﬁlﬁ%ren&mn?egienrg omr“e@ac arame er.
25  the particle on the right is 101010,

Detailed Description oftherivention

Definitions

30
Culture Conditions As used herein, the term "culiure condifions” refers o the

environment which cells are placed in or are exposed fo in order fo promote growth or
differentiation of said cells. Thus, the term refers to the medium, temperature,
atmospheric conditions, substrate, stiring conditions and the like which may affect the
35  growth and/ or differentiation of cells. More particularly, the term refers o specific agenis



In some embodiments, there are at least 2 different parameters and more than 5 and less-than 59
different integers for each .parameter... In some embodimentc, -there are, at- 25 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 or more different integers for each parameter. In- some
embodiments-, there are at least 2 different parameters and-40 orlessdifferent integers for each
parameter. In some embodiments, there are at least 2 different parameters and 30- or less
different-integers for each parameter. In 30 some embodiments, there are at least 2 different
parameters andvehorese ARSIy SPEUG R A TR ERY | ITLERRR BRE8iments, there are at
least 2 differentepairaritsrertzimdir@ior less different integers for each parameter. Each cell unit may
contain more than one (eg. multiple) tags of each species. 35 23 Advantageously, this method can be
automated sucl:thai paRy eriddritseanOrManys Saapidsscancheprice ssedails is particularly
advantageos, §iN6e.5a6R SARRIe MRYhavEg)any {eg-buadseds)ef diffatentitags in it, thereby
generating a Iarg%%@gm,%ggggm!%g@gﬁgm%ﬁmggiémgmgug‘ﬁg@gyme&a;a@r}%mion, there is a

maximum of 50 different tags By way-of example. Lising the Mt hydrophilic migtaheads as described
herein will typicg?fy?éé@%ﬁﬁ?)t is ﬁﬁrhbgg of gg&éproolﬁgé?g O'I}\;ggn UAL hgquoggilg’pegy&gpbeads may be used
together with on& 0P RINTE HiEBearriers. in Some embodiments, the ophilic microbeads

t ML 10 hydr
are used fegethBPHITYaETIBEEIE 25 olBhiRE. TREtags TR i@é:-i’s_SaLFﬁ%;)IaeS n%%t %ﬁ%be different or they
may all be thie SaFEYTINE PAFESFABITOHR BIURAPAT &S S Sl A R B ERABBL1-10 urn, preferably
about 1.9p.m, atsdtedia Momdeisicales, 20 BiRgtS RO AGE P rERgFT- 8858t Tirn and/or about
9.81.trn. The 15tagsimay hecrtierosptitawesiateiet apsCRiemmiraspierdtecsiitbiie diameters of such
microspheres may leghetwe enift=koupad, cpreferably=alieutdves. bm rationttrd 4i gy, lgbout 5.4-pm, about
5.8urn, about 7 dpsReahetSided Nndlakeut2:6 pit arssemesmbadinentssdhere is a maximum of

1000 differgpt taggBy-WaY.ofexaraple, 28 uging.the-redrshaped nanawiesdiripad- with silver and

gold as describ%%egggggﬂggn result in this number of fags. The- said nanowires may be used, together

with one or-more microcarriers. in some embodiments, the nanowires- are used together with a

Cultispber-G microcarrier. ) i
P Cellular process A celiuiar process is any characteristic, function, process, event,

sause or effect, infraceliular or exiracediular, which-eocurs or is observed or which can be
5 ativibuted to- e cell Exampies of cellular processes include, butl are not limited io;

viability, senescence, death, pluripoiency, morphology, signalling, binding, recognition,.

melecuie production or destruction (degradatien), mutation, protein folding, franscrption,

transiation, catalysis, synaptic fransmission, vesicular transport, organelie function, cell

cycle, metabelism, profiferation, division, differentiation, phenotype, genalype, gene
25  expression, or the conirol of these procasses.

Cell unit A group of cells, which may be a group of ome. Pools of cell units may be
sorted, subdivided and: handled ‘without subsientidlly -dissociating the cell unils
themseives, such thaf the cell unit behaves as a colony of cells and each cell In the cell
30 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 fotipotent cell is a coll with the potential to differentiate info any tyoe of
somatic or germ cell found in the organism. Thus, any desired cell may be derived, by
35 some means, from a tofipotent cell.



25In one embodiment, a particular tag is correlated with a known cell culture condition. Accordingly,
Grim the eel unit has been labelled with this tag and has been cultured in the corresponding
conditions, it is passible fa to identify or seleetthose culture conditions-that have given rise to-a
particular call unit of interest. 30 Whilst various methods of image analysis are available in the art, a
combination of Image Pro Pius imaging softwasg by Media Cybernetics (www.rnecilacy.com), a Nikon
TE2000-5 fluorescence microscope and an Evolution VF cooled monochrome camera, supplied by
Media Cybernetics may be used. 35In one embodiment one or more image(s) of each tag in the cell
unit in the field Rérnterastisimpdsretiis Bysicaish s FaPBE &Sy TRIRG MiEroscopy - such as
bright 24 field reigrpssa@ys phase-contrast microscopy, oblique illumination microscopy, dark field
microscopy, differential interference contrast microscopy, reflection contrast microscopy, varel contrast
microscopy, PolgliZingMiciRSCaRYiiRtasierancaemisrascepysandriiusydstencedicroscopy. Suitably,
outlines may b%enr{%yvg for the g%pggggggeirgaggg@ &Q@ng;t@@énggumtdn.the field_ of interest
and/or one or mord%glntéo[g%?c%% image(s)k eteachiag intha.erll spikindbedietdpf interest is

measured. Thec?Fuorop'hore may emit, for example, yed fluorescence.
Suitably, the fldﬁrﬁéﬁfr‘?@ﬂ%‘ _i@gs‘%?te’?:téécfrgaf}ébn% ﬁ)ﬁeumfoaﬁ a?%%%%i%ﬁﬁii%%@%ﬁéﬁégd and TRITC. The
quantity of fluoasHEYE PRlHR R ket Tra At gﬁ%%re?ﬂ ran eseféa, ranges of 10 fluorescence
intensity) and expHtidifferdrr aapReRe dfserbts: rdime ErbEdiMest, e “Fanges may-differ by about
2 to 5-fold or meesetbrighiribdes poserfcehTHBEREREHh R AREEE FEYNEP BY about 5 to 10-fold or
more in brightnessy nssenue-embediwamsntharrangeshsiad diffe 8BRS tHPE00-fold or more in
brightness. In sgmesmbodimenisciiesrangesmagudifiopty mbocrieter BF0DGMERI%r more in
brightness. In 15, same.emagdispenissihedanges waay diferiyabow2,-530,2200 or 1000-fold or
more in brightngss, Suitably, the qutiines fordherearerraeradinage(s)-nee sagded onto the one or

more -fluorescence Image(s) and, ole:0f MALR UALRSHPRLE aaABRIRAE!AAGR ghin the cell nit 20 in

_the field o?ﬁlnté’rest may-be measured for each fluoropbore that is used to label the tags. _Eadh tag,in
the celrunit may'??gri'dentified by reading the one or more parameters - such-as the area and/or optical
densilw - of the tag within the one or more outlines. Thus, by wa of éa@%%htggss may be analysed.
bymicroscopy-UBiBRrernik GHIPERR08S555 At e S8BT Srescent microScope equipped with filter sets
for visualizationostednfheorsphibresnedierPag R e eSRBNs AR &R 8% 3ITFom -Nikon) and Cy5
(Chrome Technelegy jertmagies meydsareaptoiedifasiigian EVaRARSH: WAt @4 @ honochrome camera
and _image- analysis-pedaimedhusingtmate ®RitgriRi e (56 ih Frordiueifreybeifétics), 30 The outlines
of single microsphgies.ane, tpicall-capiueicu sirginicto seapynraéthoddanm théhareas within these
calculated to sizg the tags. The flreseencenatensitosinrtbet diffesent eharneis.may be used to
further specify the identity of each tag by comparison to reference samples containing known tags. 35
26 Pooling The pooling of one or more groups of cell umits involves the admidure of the

groups=to create asingle group or nool which comprises cell units of more then-one

background;-that is, that have been expesed fo more than-one different satsof cuiture

condifions. A pool may be subdivided further into groups, either randomly or non=

randomly; such. groups are not themselvas “pools” for the present purposes, bul may

a0 thernselves be pooled by eombination, for example after expasure to differant seis of

culture conditions.

Proliferation Cell growth and celi proliferation are used interchangeably hereln to
denote multiplication of cell numbers without differentiation into different cell fypes or
35 lineeges. In other words, the ferms denote increase of viable cell numbers. In some



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, varet contrast microscopy, polarizing-
microscopy, interference_microscopy and 5 fluorescence microscopy. In one embodiment, the
microscopy method is bright field microscopy. Opgionally, the data that is obtained may be processed
using further methods described 10 herein, that provide for the chronology-and identity crf cell culture
conditions to which a cell unit in a sample has been exposed to be determined. Advantageously, this
process may bessirgimieniscPThiEretsn & eahAveparRIe DA AMBLRTEYE G2120%8 'DETFARES Processed.
Advantageousthdtretprocess utilises software that counts the number of each type of tag 15and then
autpufs this data in the form of a list, a. graph or a chart. Advantageously, the -data may be inputted
into a spreadshegtfariighthugbputanalysiss2Opnane AepLct] the, sTettind=efanalysing
this-data-corppriges AfitsLSiep MhiSARPALIRG.ING wHRA adhfaneeiminekaklpast one parameter of
a tag with the mean measyrementofihe atlsast one parametenohihestaghipangembodiment of the

present inventiog, he Ubber, ang GWEL IS Al ry-ALAmEleL s b et gh.abiginable by analysing
a plurality of reference ta SOt the same-sf)emesy. If the _lower ,Imlt Is less than the mean 25

measurement af@ e Ghper iITAT & KK er PRI the Mean nieasnrerent then the method compares
the upper and IoWRSfARstEt 4088 BhASsHRE RSB WIIF R FRR DR 58uUY8Ment of- the second
-parameter ¢f thaaegpnyrtHe sneiire FifR-CofYiFe- 8t BHE DARITERSFI&less than the mean measurement

for that parameter and the upper limit of the second parameter is higher than the mean measurement
of that parameterithenttiedetatn ctho ditontpime stan e ercafidr & urtizbio pdircnaatdirsaeelative to a lower

limit of the corregpandingRaraMeirtuH-atany painistee mean measurement of any parameter does not
fall between the upper and lower limits determined for that parameter then the method compares that

mean 35megsurement relaliig 19.2.566aRdRNGE CAMPHRING JRNIimiisforiliat same parameter.
25 In one aspect, there i provided,a metod [or detRipiinGLte chranglogy, andidentity of the cell

.- TOCSSS IS
culture conditorG IO Rich 2 CEN Wit e begl xpoced Somonaing Mhe ek o »

call may be inactive or may have been induced and may comprise a number of discrete
steps or comporents such as signaling evenis characterised by the presence of a
20 characteristic set of enzymes or inlermediates.

Sene A geneis a nucleic acid which encodes a gene preduct, be-it & polypeptide or an

RNA gene product. As used hersin, a gene includes at least the coding sequence which

-sncodes the gere product; it mayr optionally, include-one or more ragulatory Tegions
25 necessary for the franscription andior franstation of the coding sequence.

"Gene Product A gene produet is typically a protein encoded by a gene-in the
convestional manner. However, the term also encompasses pon-polypepiide gens
products, such as rfbonucieic acids, which are encoded by the gene. ‘

36
Nucleic acid synthesls Nutleic acids may be synthesised according to any available
technigue. In some emboediments, nucieic acid synthesls is aufomated. Morsover,
nucleic acids may be produced by biological replication, such as by cloning and
replication in bacterial or eukaryotic cells, according to procedures known in the art.

35



comparing the upper and lower limits of at least one parameter of a tag with the mean 5 measurement
of the at least one parameter of the tag. In a further 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 steps of: (a) comparing the upper and lower limits of at least one parameter of a tag 10
with the mean measurement of tie at least one srarameter of the tag; (b) comparing the mean
measurement for the at leastone parameter of-the-tag with the lowest Omit for the at least one
parameter of the tag; and (c) correlating the measurement of the at least one Earameter of the tag with
the identity of tRER sy R SoRieRRErWREN TR LRI TRPIBA BhEEIRTbSHMANTRRE Tower limit is less than
the mean measeievtentadiotseandisatamfin STy IFSreRaHthe PhER T eI 8 §78Rt then thei-method
compares the uppebandiowandimitstof aitseorrdwpiaram ciBratialiagrRriedERean measurement of
the second pargsaeter ebthejtagizFo mexampierd hediudingarasicteeni®ydsbegizioand the
second-parameter may fethediengity, esdexel-offugeeseanesio?@idsone embodiment, If the lower
limit Of the second parameter is less than the mean measurement for that parameter and the

upper-limit of the -se | paramefer is higher.than (e sear:meanuemant ehdhahparameter then the
method compares o1e of Worey. lrherharaielers iale 1o, alowehlinilafihe-corresponding
parameter. 25 [f 'GRe embocﬂ?nrgﬁt, ﬁ?]e ower limit is not less-than the n]panmrg%surement and the
mean-measure?HeftshBFHEE SR FTRAR R EUBPer Tttt then the upper and lower limits of- at least one
further-inte§er SrTFeTERTe’ A MRRSEPBIARE YT MBEEEGER. By way of example, the further integer
may include, but is not limited to a different size, a different 30 fluorophore or a different range of
fluorescence intexisiafom cterdimghpdtitopr asrbte itof sacrrerthaxonflesEss Wiltbe size, type of
fluorophore angdrtenaity-offlucteseencerespetaielys gern onesivbddivaentobthe lower limit is less
than the mean measusemerkaadidherneanabypeaswenent is less then than the upper limit then the
at least onggfurther parameter for 27 the tag is measured - such as the size, type of fluorophore and/or

level of fluorophare of the, 1ad... INONE AMBRCIRE 3 <ibihem 00 3) Meassamenider the at least one
parameter of the 133 js SQrea(er thal) e Iowest I for Al LeAskRERAAEIGHA! he tag, then The

result is correlaféd with one or more tags that possess the one or more parameters. In one
embodiment if theFAEEf feasurement 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 10is correlated with a tag that
possess th& paldanfnaians e SEMIIORE 9F § FeEhmit is not less than the mean measurement
and the

[T foy

in-ane aspect, fhere is provided a method for determining the callculture histeryof a call
urilt labelied with more than one tag (eg. more than one type of fag) comprising the steps
of: {a) measuring.one or more parameters of each fag thatls uged to label the cell unit;
25  {b) identifying each tag in the cell unit; and (c) corelating the idenfity of each teg to the
identity of the cell urit andf the specific cell culture condifions to~which the call unif has

been sxposed.

in a further aspect, there is also provided a method for determining the cell culture
30 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 or
more paramaters of each tag that is used to labei a call unit; (c) identifying sath tag in
the celf unit: and (d) correlating the identity of each tag to the chronology and idenfity of
the cell cutture conditions to which the cell unit has been exposed.
35



mean measurement is not less then than the upper limit for the at least one further parameter then the
upper and lower limits of at least one further integer of the same 15 parameter of the tag is measured.
En one embodiment-the method-may-be repeated for one or more further- integers of the same
parameter of tl la tag. In another embodiment the method may even be repeated for-all integers of- the
same parameter of the tag. 20 In one embodimeqt, 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 measurement for the at least one parameter of the tag is greater than the
lowest limit for atéeastroreiparanetbs sfalsehadeahanhé eastitrisrerirsrtetiaiids-one or 25more tags
that possess thexangiar inoeccpatameietss lof dreiamiodiment, #thetldwier liitdstless thawthe mean
measurement aaghihaymenk;, Measuesentisdass thenelitay-the/upperiimitdorthe at least
one--farther_patgmeter.apnd.the mean measurement for the at least one parameter of the tag is not
greater tharéthe 30lowest limit for the one or more parameters of the tag, then-the result is correlated

With & tag tha pgssess 1S pRIAMEEt I, 08 SRLOINED LIS MSASHBNERIO! the a east one

parameter of the Fa':@ cannot be correlated with the identity of the tag associated with the cell unit, then
the method 35mM35 EOATHHEES the additional steps of, for example, examining fluorophores serially, 28
such that the final 'No' decisions from will go on to interrogate the fluorophores values for the relevant
sizetag,  Suifablipsthis methouioeEainaY MBrehR AR forhiEy WiHgtona 87 Rore of the 5
complexesdeseribetttereihis in aifared oy asyoeictieseits pigvidet ymbHdd fsritlentifying one or more
area and/or density values:fensdagreormprisinghthedsteps & (atvbtalintadpeshbstinmore images of a tag
that is used to |abalnigakdynit,ctais sapingout inesdars thessneion odecinayes ofthe

tags are oblained intact.

45  In one embodiment of thepresent invention, ona of more different tags are measured for
a2 coll undt— such.as a cell unit contained in a sample comprising a plurality of cell units.

In sotme embodiments, fhere will be from about 2 to about 56 or more different (types of}
tags per cefl-unit. by some embodiments there will be from about 2 to abeut 40 differsnt

20 (types of) tags per call unit. In some ermnboediments there will be from about 2 fo about 30
dgifferent {ypes of) tags par cell unit. In some embodiments there will be from aboul 2 to
about 20 different (types of) tags per cell unl, In some embodirients there will be from
about Z to about 10 different (types of} tags per cell unit.

25  In some embodiments, there will be from about § to about 50 or more different (types of)
tags per cell unit. In Some embodimen’{s; there will ba from sbout 10 to about 50 or more
different (types of} tags per cell unit. In some embodiments, therewill be from about 13
$o about-50. or more different {types of) fags per celf unil. In some embodiments, there
will he from about 20 to about 50 or more different (fypes of) tags per cefi unit. In some

30 embodimerts, there will be-from about 25 to about 50 or more different (fypes of) tags
per cefl unit. [n some embodiments, thers will be from about 30 to about 50 or more
different (types of) tags per call unl, In some embodimsnts, thera will be from about 35
to about 50 or more different (types of) tags per cell unit. In some embodiments, there
will be from abott 40 to about 50 ar more different (types of) tags per cell unit. In some

35  embodiments, there wi be from about 45 to about 56 or more different {iypes of) tags



10 tag; (c) loading the outlines for the one or more images of the tag; and (d) reading the area and/or
density within the one or more outlines. In one embodiment, the image may be a phase image.
15Determination of the identity or cell-culture history of a cell unit As already described above, when
handling-large numbers_of cell units, their identity and/or cell culture history (for example the
chronology, and the exact nature of a series of gulture conditions that any one group- or unit may have
been exposed to) can become 20 confused Fix-instance, the split-pool protocol of cell culture
necessarily involves mixing cell units in each round,-making it difficult to follow individual units_
Determining theccetiicaituris kst arbefizetel SitrrracHBinEortel At Bhith®have been subjected
to multiple cultwis-eandioens, igsgemelimies referred to as teconvoiution’ of the cell culture history. 25
One method of determining the cell culture history of a call. unit in a mixture of cell units, is to- label
cell units and ilig Therefere-advanagenusHedaks bthescartranitsvehsode seriditbRerein, tags - such as
rod-shaped parficles. dpicroheals and Zor JaiskosnbrRsascra bedisedssdabets, 05 tags which are
conjugated to a microact‘?%giejroaf%gl}@s%aggIﬁﬁﬁgg}@g%@@%@g@;%g.@@ﬁgﬂyem detection and

S

identification pr%r\ﬁ‘éf’en or a record of the. chronology and identity of the cell culture conditions to which
the cell unit has been exposed. Microcarriers 35 2% A varietg of 0!Tilii[g;roc r
W er b eat x figicis s

shape and size%AY FristiETRRS SRt TR B "B Way of example, the microcarrier may be a porous
microcarrier selettearTreTams Sherutip EERESting Of a%SE?B?E'tﬁQF(E?é%aeraﬁ%Pa(rg@? a Cytopore 1
microcarrietcor i Sytepotednter e it Seulifkariiarea e Bitgshel’G microcarrier, a
Cultispher-GL nsigrosattignentd the@ultisplees S diferent axpiess & $A70 AREMTTMICTISEarrier, a Microsphere
microcarrier, a SHSRHHGED Gaks eF: an tatMictipero =G microdarianst0 BY s8¢ of further example,
the rnicrocarrie,Ma¥Re:a Selid JRiGIosarier sraueh ns@rCyiodax miersgarrier sé@g. a Cytodex 1.
Cytodex 2 a Cytodex 3 miciacatier) aBioslignmiciasasies: adioglassmicroeansier, a FACT Il
the -acale-d o T e e aulonsed cuure conditions
ol 2oh ] Bashvo YRI5, 01 15! QDPSa%B%ﬁgép Seigste

as -required in S7HEF TS BhtIR 1 dosiedl grapah andlor alferentialion conptighs:

embodiments, Sere are at leest 50 different integers for each parameter.

riers arg available, ranging in

20 i some embodiments, there are -at least 2 different parameters and more than 5

different integers for each parameter.

in some embodiments, there are at least 2 different parameters and more than 5 and
jess-than 50 different integers for each parameter.. in.seme embodiments there are af-

25  least 2 different parameters and 50 or less different integers for sach parameter. in some
embodiments, there are af least 2 diferent parametérs and 50 or more different integers
for each parameter.  In-some embodiments; there are at least 2 different parameters
and-40 orless. different integers for each paramefer. In some embodiments, there are at
least 2 different parameters and 30. or less difierent-integers for each paramsier. In

20  some embodiments, there are at least 2 different parameters and 20 or iess diffarent
infegers for each parameter. In some embodiments, there are at least 2 different
parameters and 10 or less different infegers for each parameter,

Each cell unit may contain more than one (eg. muliiple) tags of sach species.
35



The surfaces of: the rnicrocarriers may be further modified by -Physical or chemical treatments, such-
as adsorption or covalent cross-linking of molecular entities with a 20 desired charge or other desired
characteristic, In a broad embodiment, therefore, the invention_provides a method for culturing cells in
vitro, comprising growing said cells adhered to the microcarrier complexes described herein. 25 in one
aspect, there-is provided a complex comprising®a microcarrier and aeharged (eg. negatively- charged)
tag. -in other words, thereis provided a microcarrier conjugated or labelled with a charged
(egtmegatively charged) microspfiere. 50In a further aspect, thereﬁi rthovicged a microcarrier and a

rod-shaped taghdfFtaRIFYo RS ML BPRAGRAE MCrOELMTer fonjugated of Tabelled with a
rod-shaped tage@uitisphée mpcrersniois SEREHRSHHEFTeITRRAUTREI A TR irmaceutical grade
porcine gelatinada angnocessiwiich giclEksest ghly brogsireBaramktifEEANRith high mechanical and
thermal 30 stakiffy. When used in cell cultures, cells can attach to both the external and the internal
surfaces ofhe matrix. The increased surface area of the matrix together with the protection from
stress afforded g the.cellsdmthe ipteriptalibrmalieess ulishenhasceat-celkproduction capabilities.
An additional agvanage of 1he RIpGS bl e metiixsanbedisssixadilh poreolytic enzymes

resulting in the arvesting of cells with Imost 100% viabili iROReEIbodiment, the microcanier is
a Cultispher-G W&?%‘crﬁ?#e? ?Jﬂ‘fénpﬁ%t?%l as ar art?cl% di?rrr%;g;t}gngb%g@fqésgr% Ry 2 volume of 12-18

MCroCATIers.

mlfg dry, a dengff‘ifi ofHe d‘/ﬂzﬁl Wﬁhoidngfr? average pore (?l%meter of 20 pm. In order to prepare and
use CultispgRer-BoAREECHraRrISaTarE CodhR BE Fn%ﬁ’é’ IS trfer Afia Biotech. Bioeng. (2000) 68, 1
p59-70; Brit. J. Cancer. Suppl. XXVII, S-78-582 (1996); and the manufacturer's website at
www.percell.seTiB:Gy oo rerdminodbrridiarsiop sie Rt RICENer®afe TdfEbEYrom GE Healthcare
(previously Ameksham-fwssssmigkncancters:00suCytoporerieratiteboft 168% welulose, which is
non-toxic tod he4%9fn’(:§;[)§,t%gg,ﬁp;gg@g_@g@mg&;lt,i@fﬁmﬁmgypﬁhaf@e@bdue.&mﬂmﬁbl,Ittrdiethylamirroethyl
groups. It has atave%%gg;g%ﬂgggggge_sgg& distiiRutienansda Dehyerk sirkatirer 4 retie of surface area
to particle Material is more than Siol.T %13%%%? ustyre,enables siained.crlls to be closely

t
observed while THEFYFESH TiEide the microc-artiers. The typical particle diameter is 200-280.-pm and
effective surfacB4reaTus PHRERGHRHTHEFSIAME 28 BERSIS TS 1.03 g/ml, the average diameter of
pore openings is 30 pm and the volume is 40 -rnlig dry. In order to prepare-and use Cytopore
microcarriers referencesstnuatisitoiietes alizATHied MiciBERIcEF aRtPBIGEEARSfogy (1-997 4-7, 4
p352-7; CyieteGhrefegy a0k 30048:4 4fpdhine sl camalbkBistednddiegy (8999)- 15, 4 p239-44
and Acta Oto-Lauparegic@nt2002hde2 21z pidt kabowd0: G0 poree. hesisesithoptimised for
anchorage-dependent GellsealiribAAARBEAR Ae NRlYREARRE sheB BBe gigether with &

Culispher-G microcasrier.

55  In ane embodiment, a particular tag is comelated with a known cell culture condition.
Accordingly, once the cell unit has been imbelled with this tag and has been cultured in
the corresponding conditions, it is possitile fo to identify or seiectthose culture conditions

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

A VWhilst various methods of image analysis are avaflable in the art, a combination of
Image Pro Plus imaging software by Media Cybemstics (www.mediacy.com), a Nikon
TE2000-8 fiuorescenca microscope and an Evolution VF cooled monochrome camera,
supplied by Media Cybemefics may be used,

35  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



In some embodiments, the rnicrocarrier is a porcine gelatin microcarrier. 35 In some 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 conjugated to a microcarrier - such as a cell-assoated
microcarrier. Subsequent detection- and identifiggtion provides for an unambiguous record of the
chronology and identity of the 10cell-culture conditions to which the cell unit has been exposed.
Various molecular or macromoiecular tags may be used in combination with the microcarriers so long
as they can be @stectedcThartagsstyprebiliprostepyrisdivnituehzrbhapecseoro e feimhodified with
markings and/omeplewgckiangdiernéderescentrid compotn dtedivoretes bachment the tags which are
used to label cellunitshave areiINomHLpeienakhsalhy of thetaliowingcaualiiiesnd They are small in
size relative to e micHRcAELIIeYaishBelirg akdiorsmalensthanthemeandgpre size-cif-a porous
microcarrier, il E‘ﬂg’% AIg, GERaRle Qlict Qfm@g;@mmﬂ%wam% BGICaHRLSHED that binding

persists- throug out the ex ertm ta s fan- be separated fr mthe complex without
affecting the Iabeﬁgo( %el U%’]%Its 5%% ?fmst A he er ara? rtf?nm(?% u%ﬁ‘wﬁ Ompﬁl ﬁthey have formed a

ey are s
complex under FBRATbAY RRTRRHEGS Hist ﬁ%’ﬁ'ﬁr?)eﬁﬁp euﬁ cguaﬁg SRR

fluorophore is sefected from the group consisting o tarfire Red and TRITC. The
quaniity of fluorophore may be selected fram 5 different ranuss {eg. rangss of

10 fluorescence intensify) and each diferent range is discrete: Insome embodiments, the
ranges may-differ by about 2 to 5-foid or more-n brighiness. In some embodimerits, the
ranges may Gifer by about 5 fo 10-fuld or more in brighiness.  {n some embodiments,
the ranges may difer by about 2 to 100-fold or more in brightness. In some
embodiments, he ranges may differ by about 2 to 1000-fold-or more In brightness.  In

15  some embodiments, the ranges may differ by about 2, 5, 10, 100 or 1000-foid or more in
brightness.

Suitably, the outlines for the one or more imagefs) are lbaded Drﬁ:n the one or more
Torescence images) and one er more fluorescence imaga(s) of each tag in the cell unit

20 in.the field of interest may -be measured for sach flucrophore that is used fo label the
tags. Fach tag in the cell'unit may be idenfified by reading the one or more parameters —
such as the area andfor oplical density - of the tag within the one er more outlines.

Thus, by way of exampls, tags may be analysed. by microscopy-using-a-Nikon TE2000-5

25  inverted epifluorescent microscope equipped with filter sefs for visualization of the
figﬁmphofes ~ such as TRITC, DAPE (UV2), GFP-B {all ffom Niken) and Cy5 (Chroma
Technology). Images may be captured wsing an Evoluliorr VF cosied monochrome
.camera and _image- analysis perfosmed using image Pro Plus (heih from Media
Cybernetics). '

30 ,
The outlines of singie microspheres are typically captured using microscopy methods
and the arees within these calculated to size the tags. The fluorescence intensities in the
different channels may be used fo further specify the identity of sach fag by comparison
to reference samples containing known {2gs.

35



iv. They are made of one or more inert substances which- do not substantially _affect the biology of the
cell unit and which intsurn isnot affected-by-the--cell:units.-ortheir biology; 30v. 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. 35In one embodiment, the tag is a microsphere - such as a
fluorescent and/or coloured microsphere. 32 More than 2000 different micmspheres made by
emulsion or suspension polymerization, precipitation etc. and comprised of ‘polyst{yrene, other

polymers, copolyiHiaPl: {7 BrReR ARRSE &italard. MR iENY Hew bf¥hes, densities,
colours etc, for eXaRMEVreNFDRESCRFRMOT oI BHTPIY ARFCERY UBK) B5iBangs Laboratories
Inc. 5(Fishers INpiISLRvA SR itErenof Fgrshiphiereoly tirlepioh aiiresh aitRS PR d
styrene/divinylberzenercepolyirescis/D Vi) irmerospherey, Otftrefepotymeisaei dend
polyrnethylmethaestatadhMAdpolytrinyltoluene(PVT),styrene/butadiene(S/8)copolymer, 10
styrene/vinyltoluene (S/VT) copolymer. Many -of these microspheres can be functionalised, for

instance By carloxyl . arounss as. iIRdReSM-AHGIOSRRGTIES mdkRib@mino functionalized or

nitrogen-containing compounds, like primary, secondary, tertiary, and quaternary aliphatic amines,
aromatic amines, and pyridines, which offer alternative cqupling reactigons, tq the CCTOIi beads. 15
Suitably, the mic(?Bt's?ﬁﬁ'g%/éh?sdg ?‘S}Sﬁﬁfﬁ‘éeﬁnﬁ%‘? %ﬁ) e?g’*‘:Sﬁ%’f%”%ﬁﬁgﬁﬁ m%’é’dr%%?g%be ere is a polystyrene
microspherd® MESEELEHRYHE OHIR FOEpRRYE a4 ettt SR RIS B&YE Such- as a
carboxylate modiiedrt (e B TRR FESpITe MRS DS TERtifit e BRAEPAHE A SR to CA, USA). 20 In
one embodimentasiie afameed Gaby alrios plsred e eofaBIee rritygtiersifith one or more cytopore
2 microcarriers. _CML microspheres have a highly charged surface-layer of-carboxyl-groups derived
from 25 a copolymericatiarrcasssd msststaceristaomesital poteus ant setatively hydrophilic, but
retains overg)l hygiaphabicmiapestiesnd herchaige deasity okihese particles ranges_ from about
10-125 A2-per cafboxyl group, and they-Bra stable to high concentrations -of electrolytes (up to M

univalent salt). The GML lajex, will adsarb proteing wnd iherbiomeleryles L much less strongly

than hydrophoblgng?ylggpspheres.

20 In ome aspect, the method-of anelysing this-datatcomprises a frst step of comparing the-
upper and Tower limfis of at least one parameter of a tag with the mean measuremant‘_of
e af least one paramseter of theriag, In one embodiment of the present invention, the
upper and Jower limits of any paremeter are obtained or obtainable by analysing a
plurality of reference tags of the same-spedies. If the lowet limit is iess than the mean
25  messrernent and the upper limit is higher than the mean measurement then the method
compares the upper and lower Fmits of = second paramster of a tag with the fmean
measurement of the second parameter of the tag. f the lower limit- of #e second
parameter is less than the mean measurement fer that parameter and the upper limit of
the second paramster is higher than the mean measurament of that parametsr then the
30 -method compares one or more further parameters relative to a lower Imit of the

corresponding parameter.

If at any point the mean measurement of any parameter does not fall between the upper
and lower limits determined for that paramster then the method compares that mean
35  peasurement relafive 1o a second range comprising different limits for that same

paramster,



30 In'some embodiments, conjugates of microspheres and proteins, e.g. streptavidin are prepared.
For example, conjugates with CML microspheres may be prepared as follows. CML 35microspheres
may be activated using a water soluble carbodiimide reagent that makes the carboxyl groups reactive
with primary amines on the proteins to be coupled. A 50 33 mM reaction buffer at pH 6.0 is
prepared.Sodium acetate or 2-N- morpholino)ethanesulfonic acid (MES) are suitable buffers. The
protein is dissolved in the reaction buffer at a concentration of 10 rrigftni-. A 1% (wiv) suspension of
microspheres is prepared in the reaction buffer. One volume protein solution to ten 5 volumes
microsphere suspension is prepared and the mixture allowed to incubate, at room temperature for 20
minutes. A solutiert 6sreetigR s ABSSEAdFREY BF i@f@m?‘fﬁ@fﬂ?—"Hfﬁq@fﬁw‘iﬁﬁ%gﬁéyl)camodiImide
(EDAC) in deiohizetl wiatecis@iepdsedisimiceiset st sty eACearta&d #Mstint of EDAC solution
to the microsphergsuggensipn isdiddedrandfithideptt o threredrtivn Rbairéatfisted to 6.5 0.2 with 0.
IN NaOH. The Ag:-mistse dsrinetibaied-garanaeketotamixing wheel for 2 hours -at room temperature.
Unbound protein is removed and stored in storage buffer. Advantageously, CN1L and other

microspheres can, heobtained inyarioys femakensieh asmRRYSeolaEdeg: Mue, red, green, yellow,
black), various gé{% ophores,(egy, A5 IMRIe ISR eannfiotess IRk RpdElprescein and
Rhodamine (reddréen) and various sizes (eq, 5.4 pym (1, 14X 1019, beadsigran), and 7.6- pm. (4,10 x

steps of (2} compar .
109 beads/gramy). MY BREBtRer mMicrospheres may be prepare sur%haghqg ey are-loaded with

t
one or 20 rifore S eRFBATITEPHE PR SFEE TR e egnbogflmé;h{%’)tfzilD PN as micrespheres -
are motcoated T ﬁ‘?@t‘éiﬁﬁ‘?‘?&&?%ﬁd‘?‘éﬁ%ﬁ?ﬁﬁﬁ%ﬁ@?@éﬁn‘%’%@ﬁgﬁggﬁg@W?t‘cﬁ proteins-(eg.

streptavidin)-aret lsighiye parameter of the tag; and (c) correlating the measurement of the at least one
parameter of the tag with the identity of the tag associated with the cell unit.

45 In one embodiment, Fihe lower mit is Jess fhan the mean measurement and the upper
limit s higher than the mean measurement then tha-msthod compares tha upper and
jower limits of 2 second parameter of a tag with the mean measurement of the second
parameter of the tag. For example, the first parameter may be size and the second

parameter may be the intensity or levelof fluorescence.

20
In cne embodiment, if he 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
then e mean maeasurement of that parameter then the method compares one or more
further parameters relative to a lower fimit of the-coresponding parameter.

25

in one embodiment, if the jower limit is not lessithan the mean measurement and the
meanrmeasuraments not less then than the upper limit them the upper and jower finits
of &t least one further-integer of the-same parameter of the tag is measured. By way of
example, the further infeger may include, but is not limited fo a different size, a different
30 fluorophore or a different range of fluorescence intensity. Accordingly, the parameter for
gach of these integers will be size, type of flucrophore and intensity of fluorescence,

respectively.

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



25 negatively charged and they adhere extremely tightly to Cytopore microcarders, which carry a high
positive charge. The ratio of CIVIL microsphere(e): Cytopore microcarrier(s) required to give bulk
complexes may be as low as about 1:1. In previous-systems that the present inventors have used a
ratio of about 1250-was required in order to obtain even a few bound tags in each complex after
multiple washes. 30 By varying various parametgrs in the fabrication 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 4.4gm and 5.5um diameter). Beads within each size group
can be furthermibrezdistirgeHER e AT B8 R rre LSRR SEATUEYR g fitRPE¥EeRce intensity owing to
differential loadithgt#gth a single fluorescent dye. It is possible to use many different dyes with different
absorption or emission 34 characteristics, which can be attached to the microcarriers described
herein. Accordinghy.e tagheliversitinaaax estdtdsomnsiartying ltag sizezeamdfer ditiereplsore loading (ie fluor
intensity) angtor,fluaraphore ideatityeaminationd ppaiticular:d ag dhearsiyansyiresult from the type
of fluorophore tgy,GairY,feg.neags 6Bk Jaadadwish eithas by Starfire Red); size (eg. for
each fluorophore there are 5 different bead sizes: 1.87, 4.41, 5.78, 5.37 and 9.77 microns) and/or the

guantity of fluorophore they carr %5 different inte sfifi%% otf!ea{:h dye are available). Other fluorophores
such as TRITC 8@?8@*’"33‘%‘ fl%){h | @earnsr%egﬁu{ﬁnégnr%g Used fo de e astgzlgifferent dyes on any

efect-the at |
given bead - suff BETREPPRIPE L ITE R SH0TEE dTR B85 Eéegggs%% otgaf’ CVisualization from
Nikon; the DRAPsfReEPEEsE iR S80I RAHS M5LAFBEB5) for UV2 visualization from Nikon; the GFP-B
filter (ex 460-500; dm 505; ba 510-560) for FITC visualization from Nikon and the Cy5 filter set (cat-no
41-008 from Chrome Faekinetogly ) foo@irirfire Rédsisaalipamsan T5aicrasphetde can be dyed
internally or extergallyexeiifanvisibiencr itksorescant tyespdntathit dyempatcoeswitren. the_dye is
integrated into thg Risesphers unassndypicallybyor soakingdhermiciaspherainsamsolution- containing
-a dye or flygrophare.Extemnal megdiication. occurs -when a dye is conjugated to the surface of the
microsphere, for 2C1 instance modification of a CM_ microsphere with an isothiocyanate derivative as

described herein. Accordin%%émesng? e d(f:mn;%t(_) d%_gggg,f&h%g@%%mg m&%@% dyed internally or

- in one embogdi ' .
externally, with ViSBiEOPHiSrestent dyes It-|s,furth?hrmor ossible to Use guantum dots' to
obtain a very hijﬁ"fﬁﬁ?{ﬁ‘@?*ﬁf%#fﬁ%ﬂ%ﬁb%%@é”ﬁ? TBats Which can be read conveniently. Thusi in
affurther embodipr@hEem et P e¥BhPIRTERISH Utfntum dots instead- of fluorophores are used. in
certain emidiments, quantum dots are preferable due to the fact they do not fade (photo- 30 bleach)
when exposed- todighinfedirisnstdtedoire fiionsphibae FFTEHS RESWH RN RS He mean

messuremeant is Jess then than the upper mii for the at lsest one further parameisr and

the mean measurement for the at least one paramsier of the tag is greater than the

lowest limit for at least one parameter of the tag, then the result is. correiated-with one or
25 more tags thal possess the one or more parameters,

 In oRe embodiment, if the lower fimit is less thanthe mean measurement and the mean.

’ measurermnent-is less then thars the upper fimit for the af least onefurther parameler and
the mean measurement for the &t jeast one parameder of the tag Is not greater than the

30 fowest limit for the ome 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 identity of the tag associated with the celt unit, then the method
35 may comprises the edditional steps of, for exampie, examining fluorophores serially,



bleach and cell units treated with tags containing FITC are ideally handled in the dark and are difficult
to analyse reliably. Quantum dots may be incorporated into microspheres at the time of polymerizing
the polystyrene resulting in even loading of tags, . Quantum dots are available in many colours and
they can be excited at the same 35 wavelength so allowing 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,U36,575,291,US2003/0017264,US6,423,551,U56,251,303,
U36,319,426US6,426,513,US6,444,143,US2002/0045045, USS\g %7%5%2‘?6 %O? 392, US6,251,303,
1)56,319,426; EIpieb g é‘ﬁcfi?‘}%“fﬁ"l‘ﬁgg%”ﬂ&/ﬁﬁ?ﬁﬁ%%ufl HRR? ags are protected against
degradation byt eeesmisanisats of the cell culture, for example by chemical or other modification or by
encapsulation. Encapsulation of tags can take place in many different media, for example in beads as
already described-bgreis rstolsatethttee fromm Bangsrbalydrathdexne’ (EsherdN, USA), and
encapsulatipn Raybedisesie;staadardise tag dosage in addition to providing 113 components for
tag-amplification and/or detection (for example-by providing PCR-primers for use with a DNA tag).

Detection of tags C%&Q%Qp%%?&ﬂ%%@&‘év%daa\@é{ﬁ&é{ #f methedsfamiliarterdaesaiskilled in the art.
Methods includg m SR oMl D IALOIBURRICRRRRAACS: SERuRARNG: 45 hybridisation,

antigen detectlon Sledtr oreS| op 19SL0 age a ff[péorescence detection;
.-etc. In some é?ﬁ Eli?ﬁé??t? %?n Cﬁfmf%% tfy‘"“"‘iaég? ggﬁcal{ggbco ouroc?@ 6W£hore then microscopy,
1

spectroscofly, iftfade ‘%’éﬂ?/&% Afiarsidseseah®e te%‘tlon Mty e tags do not
necessarily haweeaterier dpsangiiihiee 5% hEreREMTEal- or molecular structure in the first instance.
Multiple variations of the non-chemical tagging strategy can be devised to determine the identity of a
given cell unit-1m ensnishscnencheiedgemy-othreptigertiggof the different Cell units that comprise a -
mixture. For instance optical or visual -methods of tagging have been described where-different
shaped- objects,.araphigallys R5:eneadad migeis: ostifferentaaiaurs denote the identity of a sample
(for example see 1-998, Guiles et al, Angew. Chem, Intl Ed .Engl, vol. 37, p926; Luminex Corp, Austin
TX, USA;-15- D|rB|OSC|ences NCL gg}ob d Tecgp dﬁgles ente gglgmgn)hew &Hg@bly, the tag may be a

charged tag (e FH@' &aqu:;feg% %ﬁ?aarr EE?%W e@%c mm!%%c %p Exagrtﬁe{re aspect, thTere is provided a

complex comprf& a porous focarmer and & char ed tag Typically, the

microcarrier has g etoeRErtre 4t ATap BB S loRaIEY: ResRSgpsed to) can bhcome

on  comfusad. Forinstance, the splif-nool protocol of cell valture necessarily involves mixing
cell unfs in each round,-making it difficutt fo follow individual units. Determining the cell
culture history of a- cell unit in 2 mbdure of cell unifs, which. have been subjected io

multiple culture condifions, is sometimes referred 1o as ‘deconvolution’ of the cell culture
history.

25 _
One method of determining the cell culture history of a cell unit iIn a mixture of cell units,
is to label cell units and 1t is therefore advantageous-e label the cellunits. As Gescribed
herein, tags — such s rod-shaped particles, microbeads andfor microspheres may be
used as labels or tags which ‘are conjugated to a microcariasr — such as a cell-associated

30 microcartier. Subsequent defection and identification provides for a record of the
chronology and identily of the cell culture conditions o which the cell unit has been

exposed.

Microcarriers



essentially of protein, cellulose, polyethylene, polystyrol, glass. collagen, collagen-
35gylcose-aminoglycan and/or gelatin. Accordingly, the microcarrier may be selected from the group
consisting of a Cybppore microcarrier, a Cytopore 1 microcarrier, a Cytopore 2 36 microcarrier, a
Cultispher microcarrier, a Cultispher-G microcarrier, a Cultispher-GL microcarrier and a Cuitispher-S
microcanier, an Informatrix microcarrier, a Micxogghere microcarder, a Siren micro:farrier, and a
Microporous MC microcarrier. 5 Suitably , the charged tag is a sphere - such as a microsphere that is
about 9 i.tM or Ie&ga@edigmg;egé The microlsghere may be a carboxylate modified (CML) microsphere.
In a further embddiment e Tag 1e acrod BhRaped BaAHicIe RS GRASKT TEME-LHllsEitag is a nanowire.
The nanowire mg?tﬁ?ﬁlﬁ'pris'e, consist or consist essentially of various metals 10 - such as aluminium.
-The nanowire may be coated with various metals - such as sliver and/or gold. Suitably, the nanowire
is-about Ip.M or lesydn disxeetesr BedisrossEbonty B sMoorueskisrigirg teleThe fmantwire may be a
nanowire as desgriechissBeiencaopolt. 28dspisd 37- 1 412001 JridibcAdeandinglyhda a further aspect,
there Is providedrieesmipheXLoumphisingieadRier eartinbardsarianavire: Baefly.nanowires are
multimetal micropassciirsinpicaliuenrade thaith-BHRMiGrRmeterBIRRR: GURRIEXHAtterns can be

generated by sequentialelesirachemical depasiiian,ghogiabiRRs.njo tempiates with uniformly sized

pores. Advantageously, the nanowires are small enough to be used as tags thaLmay be added 20

after each s%it. Ehigfais C;;ngﬁg Lonve ie%t as itis necessary to lr.gad ta%s,only in the positive
microcarriera Parameters for the rod-shaped particle > suchas the Fanswir&*=iif€idde but are not
limited to site, opHear PRSP EHIEY- SR REtal COfPBSRo YIS EmEStma Resiie 25 optical
properties are seTSEERF ot HIEGBGReBRsI& iAok MERETERERRME 5240 choamsaitit reflectivity of a
particular wavelength, colour, the fluorescence emissionwavelength(s) and the fluorescence emission
intensity.  In stisrecerisbodimerts sithidcntashrarges particle isushiasp-theunaagwike is externally 30

dyed. 15 also aflows units of cells fo be exposed to selscted culture conditions as required in order
to obtain the desired growth and/or differentiation condifions.

The surfaces of the microcarmiers may be further modified by physical or ‘chemical
treatments, such- as adsorplion or covalent cross-linking of molecular eniiies with a
20  desired chamge or ofher desired charactsristic.

in & broad embodiment, therefore, the invention provides 2 method Tor culturing calls in
vitro, comprising growing said cells adhered to the microcarmier complexes described
herain.

25
In ome aspect, there-is provided a complex comprising a microcarrier and a.charged (eg.
negatively- charged). tag. -in other words, there s provided a microcarrier conjugated or
iabelled with a charged feg-negatively charged) misrosphiere,

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 iabelied with a rod-shaped tag.

Cultispher mivrocarriers

35 CuitiSpher is manufaciured from phermaceutical grade porcine gelsfin via a process
which vields a highly cross-linked gelstin matrix with high mechanical and thermal



The microcarder that is used together with the rod-shaped tag may be a porous microcarrier - such as
a charge neutral microcarrier. 35The microcarrier may comprise, consist or consist essentially of
protein, cellulose, polyethylene, polystyrol, glass, collagen, collagen-gyicose-aminoglycan and/or
gelatin. 37 The microcarrier may be selected from the group consisting of a Cytopore microcarrier, a
Cytopore 1 microcarrier, a Cytopore 2 microcarrser, a Cultispher microcarrier, a Cultispher-G
microcarrier, a Cultispher-GL microcarder and a Cultispher-S microcanier, an informatrix microcarrier,

a Microsphere microcarrier, a Siren microcarﬁrger, and at5 Mgg}) orous M Anicrocarrier. In one
embodiment, th&#ferotarRErha R TlE SEERE R e Fod:Shaped micracarrier is a Cultispher

microcarrier - SUEHeAE 'CUAtIBRTer 0P e e @ﬁ‘ﬂi_%ﬁ’@r%%?@?@@émgr%? a Cultispher-S
microcarrier. In onewdmbisdingesss #ierde. titerselinie i th &80 e ST &FWithThe rod-shaped-
microcarrier is asGultisphersGdacicroeearites Advakitage ctgiytievh b aaditoatiaitiat using rod shaped
tags and chargesaewutal paiaisdnicmn catkiors isdyetertitingusingaphsiigal ctigsin the same
microcaniers. 15 Wihewd, \Wisking 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). Acpordingiy, he.Pinding. oL yiesss beslRidlan o axample e binding of
microsphere tage and €slt ) 3 igh level,permancat ipaging. 209 anainsicimen one or more

polystyrene micfdb&ads  are compiexed together with oné or more Cultispher-G microcarriers. For
some embotfim &R IR AFREPR D Aag. 25 In some embodiments, the tag is an externally dyed

tag. Stem-Cells - ‘
in order to prepare and use Cullispher-G microcarriers, reference can be made o infer

alia Biotech. Bioeng. (2000) 68, 1 p58-70; Brit. J. Cancer. Suppl. XXVI, S-78-882
(1888Y; and the manufacturer's website at www.percell.se.

15
Cyiopore 2 microcarrier

Cyiopors microcarriers are available from GE Healihcare (previcusly Amersharm)
(www.rifcrocarrers.com). Cyiopors is made of 100% i:‘a?[uiose, which s non-toxic todhe

20 cefis and -biodegradable. It Is positively charged, due to the N,N-disthylaminoethyl
groups. 1t has a very precise partice size distribution and a network stnicture, the ratib
of surface area fo particle material is more than 85 to 1. The network struciure enables
stained celis to be closely observed while they grow inside the microcarriers. The typical
particie diameter is 200-280um and effective surfacearea is 1.1 m2/g dry. The relatives

25  density is 1.03 g/ml, the average diameier of pore openings is 30 um and the volume is
40 mig dry. In order to prepareand use Cyiopere microcarriers reference is made fo
infer alia Applied Microbictegy and Blotechnology, (Y987y 47, 4 p352-7; Cytofecfmofogy
(1988) 30 p143-147; Chinese Journal of Biotechnology {1989 15, 4 p238-44 and Acta
Oto-Laryngologica (2002) 122, 5 pb41-5.

30
Cytopore 2 has bsen optimised for anchorage-dependent cefls requiring a charge
density around 1.8 meg/g.

In some embodirnents, the microcarrier is a porcine gelatin microcarrier.
35
In some embodiments, the microcarrier is made of 100% celiutose.



Stem cells are described in detail in Stem Cells: Scientific Progress and Future Research 30
Directions. Department of Health and Human Services. June 2001.
http://wviw.nth,goWnewsittemceitscireport.htm, The contents of the report are herein incorporated by
reference. There is still considerable debate about what constitutes a stem cell, however for the
35purposes of this discussion a key characteristi¥d is the ability to differentiate into a different cell type.
Examples of stem cells are given below. 38 Various factors that have been used to induce directed
differentiation of stem cells include: retinoic acid, epidermal growth factor (EGF), bone morphogenic

proteins (BMPS)Ag)ang: fibr9blast rowth f%g:tor (bFGFT),_ activin-A, transfor ér)ﬁgi%rowth factor -beta- 5 1
(TEG p-i), hepatocyte growth Tactor, Rarve growth Tattery &SR ety SO (SEL 195, interleukin-3
(IL-3), interleukifEBY{TE- By YrIEABE iR facrophage colony stimulating factor (GM-CSF), erythropoletin,
vitamin D3, %exq,gw%thasone, p-mercaptoethanol, butylated hydroxyanisole, 5-azacytidine, DMSO,
insulin, thyroid hotone (T3), LIF, foetal calf. serum, vascular endothelial growth factor (VEGF), steel
factor, variations In oxygen 10 concentration, ascorbic acid, 8-glycerodhosphate, nicotinamide, platelet
derived g rowthfat {EAPEI Gy e AWPIrabfotret el ukhesitesmbldcale swivdasdbstrates, and others. In
addition to thesengesfipeer factons =it i fiedystisiated ndiefiredeextBbtspsut iss-tonditioned media, human
and animal tissugehimatgenates, far gplaminéigracisscan datesedtaddirest sienm, eelhdifferentiation.
Progressivadraciippatienetihese wndafined extrastednayyeldd 15 active-fractions or even pure
components with high potency, These factors can be added to the growth medium userl. in a particular

experiment, ethgLAaNe, QLA CoMBINALa AF ina %Ur@edaeag%\/é@aigmaﬁcw o the
expenmentaLreawﬁoE%g@g@magfa%%%negﬁ 50 RIS NLRS (6l E00RR) Gange arown In cell

culture under vasg‘gugdcgn%gjo?s anéj t e\gﬁtong}%an Iargelg/ m Fnta_ -Its m?_eguﬁﬂ?edﬁder various
,.onditions, when-distutbed -and'wheh ke T il ofBEofBRIEE" SHUN gPSTRESF colonies are
referred to RerefB&¥Ef-units. Formation of cell units may be achieved, by way of illustration, by
growing- 25 cells as adherent cultures on solid substrates such.as carriers. If cell proliferation occurs
after seeding ontifeccaitiedisethdhe dughtbeoalis vith detétiel onltivetts dave cagriermamrd form part of the,
same colony, in{geieeital alive hethipramnt<celizsdo not readily dissociate from their growth substrate, and
so the Integrity of the cell colony persists despite any mechanical manipulation of the carrier, agitation
of the cultuse medjumepsdransier R0:30aROIaHHSSMRCHINR: ISR - Similarly. if at any time
multiple carriers areglagechinths-sama yesse! (6:9:08ads are pooled) then there will be no
substantial transfer f ne.l o another.. .An important advantage of forming cell units
on solid substrate?é jt%e %ﬂ%ﬁ%ﬁ?ﬁgﬁ% _éac%g Et'te}ér“é@oﬁeetﬁéma%?gf:ré& C%éﬁag % 'gr“é%\son of association -
e

S
_ Er5S & wxperimant and so unbound tags - i
can be labelled as (féscrl erein. P gs can'be separaied from

the complex without affecting the fabelled ¢ell units;
25 ifi. They are separable from cell units with which they have formed a complex under

conditions which de not perturb the unique qualifies of the tags

tv. They are made of one or more Tnert substances which. de not substantially affect
he biology of the cell unit and which indurn is.not affected by the-celi:units-or their
biology;

30 v. They are obtainable in large numbers and moreover in many related buf distinct

varfants which are easily distinguishable using an appropriate technique;

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

35  In ons embodiment, the tag s & microsphere - such a8 a fluocrescent andfor coloured
rnicrosphera,



39 When cells are grown on smaller carriers they can be treated as a suspension culture. A common
method of growing cells on small carriers is referred to as microcanier cell culture (see Wicrocarrier
cell culture; Principles and Methods', Edition AA, available from 5 Arnersham Biosciences
(18-1140-62); herein incorporated in its entirety by reference). Microcarrier cultures are used
commercially for antibody and interferon produggion 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 avairable as dried grod,ucts which! can, be accurately weighed, and

subsequently-prefsArarie<emm § e RRfETE e T SRS Rimber of cells used to inoculate
a microcarrier cuitistaioa e orees S BREVARR AT N ERR SO BY &eREYIOWh on the microcarriers
described hereimgor StrerationedkibrisrrorAaR0OTE SRES B PR AR WP BRzymatic detachment
of cells, and/or fayndigestmnr-afidnepatter Wheraiapplicddte as dexsribdgmei@E i Separation of taus
from labellegl ceftynits20dm.a further aspect, the present invention provides improved methods for the
separation of tags from cell units (eg. cell units com_plexed with microuthliers), Advantageously,

when-the tags gre se O%r%(:peed G@ﬁg&g%ng%wimtmrm@mg§rge§ﬁgmﬁ,@ﬁ$uaﬁe;iﬁ, they are obtained in

an intact state such that nique parametar ¢h tag,can sihedfaihfully.
Advantageousl{°RANER tlisé" g%fs- a(}r{gg gﬁéeﬁ%%%g-iﬁi@e@&&gﬁgﬂgn@%ﬁ% pyBtical method - sucft as
by microscopy i are RIFHRIRISTE obtain imi

a d'in ¢ osefprt(h)xmlt itos3§erggccagtr’becj such that the they
can be imatjed ¥6ARRMEIRPTR ¢IS0Shd I BFe %sf’\X/oﬂma%eﬂ%efie qajriers

functionalised; for instance by carbexyl groups as inthe © L microspheres, or by amino
functionalized or nitrogen-containing compounds, ikke primary, secondary, tertiary, and
quaternary aliphatic amines, aromatic amines, and pyridines, which offer aliernalive
coupling reactions to the COOH beads.

Suitably, the microsphere is & hydrophiiic microsphare. More sultably the microsphere is
a polystyrene microsphere. Most suitably, the microsphere is a surface-modified
microsphere such as a carboxylate modified {CML) microsphere from Duke Scientific
Corparati.oﬁ (Palo-Adto CA, USA].

20
in one embodiment, one or more CREL microspheres are complexed together with one or

more cytopore 2 microcartiers.

ML microspheres have a highly charged surface layer of carboxyl -groups derived from

25  a copolymerisation process. The surface is somewhat porous and refafively hydrophilic,
but retains overali hydrophobisproperties. The charge density of these parlidles ranges.
from about 10-125 A2 per caboxyl group, and they-are stable to high concenirations -of
electrolytes (up fo 4M univalent salty. The CML. latex will adsorb proteins and other
biomolecules, but much jess strongly than hydrophobic microspheres.

- 30

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.
35 microspheres may be activatéd using a water soluble carbodiimide reagent that makes
the carboxyl groups reactive with primary amines on the proteins 1o be coupled. A 50



In one aspect, there is provided a method for separating a complex comprising a microc,arrier and a
tag, comprising the step of contacting said complex with a protease, 35wherein said microcarrier
comprises consists or consists essentially of protein. 40 Suitably, the microcarrier comprises, consists
or consists essentially of collagen and/or gelatin - such as a Cultispher microcarrier (eg. a Cultispher-G
microcarrier, a CultispherGL microcarrier and Gaillispher-S microcatrier). 5 The protease may be
proteinase K, typsin, therrnolysin andlor caspase. If the protease is prote nese K then in some
embodiments, it is used in an amount of about 0.5U/m1 or more. Swtably theg mplex is contacted
with proteinaseri fopatiteastitiodt 20156+ Hﬁlfﬁjt@?pgﬁﬂtablys ?{“émcoanqle’t ex is contacted with the

protease in a volshebBtiabolivs aHdMES el ITETEEpéy, H’ﬁ@%‘?sdlﬁ??}v?aérh a method for
separating a complexicomksiay @ wicrockmief - SUtHs abdfbuymierdeariere and a tag,
comprising the gieRbeonasting saidieomplexwith. atie. 1B:Seitely; sheirnitr&arder has a net
charge and gn%ig!g@mé@s}&g@sggg%g@ngl%@@seaﬂﬁﬂy&@fzmﬁmm\ed TFhirsylsievedy of example, the
rnicrocarrier Y D SORGIE BVGHOCRH Stin SNl S¥4RRRFe 2rmisspaatier. 20 In some
embodiments, the ta soa S igarrebomlm \ &Tglqggr@ggr@aﬁhgt Fg;ggg,g&lgg@ GRRISIStS or consists
essentially of pﬁ‘ % & mbodimen tqg g amrigrgs&he%oggpgg;g‘qlg such as a nanowire.
25 Various readepte ‘éiy‘ﬂb@‘ﬁ‘gﬁadfsp?f@ Pi)eraéon oft icro such as acid (eg.
Hydroc, holoric esier anéifos RbRSHEaSH) e AR t%l‘on%e andmodlum hydroxide ill addition
to other reagentswsuitnaebaish sin EOAE, S sE Br é@.%ggtg%f ST SBRRAERioride-(e9.-5M sodium
chloride), 30 Insemedembbdinents #1e YeagbrergRyHdchloric acid, preferably 37% hydrochloric acid
(about 12 M). . In some embodiments, the reagent is sodium hypochiorite. 35 In some embodiments,
the reagent a pﬁ%&gﬁ§&wsw, CML and other microspheres can be obtained in various formats — such

' as various colors (eg. blue, red, green, yellow, black), various flucrophores (eg.

15 Fluorescein {green), Fiuorescein (red) or Fiucrescein and Rhodamine (red greenj and

various sizes (eg. 5.4 pm (1.4 x 10' beedsigram), and 7.6 pm. (470 x 10°

besds/gram)).

CL-and other microspheres may be prepared such that they are-loaded with one or

20 more visible dyes andior fluorephores.
in one embodimert, tags — such as micrespheres - are net.coated with proteins.

Advantagsously, CML migrospheres not coated with proteins- (eg. streptavidin-are highly
o5  pegatively charged and they adhere extremely tightly to Cytopore microcarriers, which
“carry a high positive charge, The ratio of CML microsphers(s): Cylopore microcarrier(s)
required fo give bulk complexes may be as low as about 1:1. In previeus-systems that
the presemt inventors have used & ratio of about 1:250-was reguired in order o obtair
even a few bound tags in each complex after muliipie washes.
3
By varying various parameters in the fabrication process, commersial microsphers
providers - such as Bangs Laboratories - can manufacture bead sets which can be
distinguished based on differing sizes {e.g. bead sats of 4.4um and 5.5um diameter).
Beads within each size group can be furthenmore distinguished from sach other based
a5 on differing fAuorescence intensify owing fo differential loading with & single fluorescent
dve. It is possibie to use many differart dyes wiih different abscrption or emission



41 In some embodiments, the reagent is a proteinase K. Suitably, the digestion of the one or more
microcarriers is carded out on an optically clear surface - such as a glass microscope slide. This
allows convenient imaging in situ 5which is advantageous as no material is lost. Suitably, the surface
is treated to prevent the spreading of a liquid containing the microcarrier, for instance using a
siliconising (oiianising) agent, 10Suitably, the migocadiers to be -digested are washed in distilled
water to remove any traces of medium-and/or salts and applied to the surface in a minimal volume of
liquid Suitably, thhe % rfa e 5 heﬁted to, achj eve gomq}}ete deh?ydratlon of Ehe mlcrocartlers and to

EFTSTC be  atia
adhere the tags ot e SUI’ ace n oraer ?O carry OU mICI’OC&I'I'IeI‘

reventin ersal 15’1
digestion in a mismMalvol ?ﬁéﬂrvﬁrfétfep AL PFW&?&WEW@@P@W fffan -21.11, the
digestion is perffﬂ”r%@f?’?ﬂ*yéWWlHW@ﬁTW“?FP@GH@‘@WBOdHﬁ@H%‘W tFr8 diGedbaiPYs achieved -using_
one or more profEHSEYT T15dYRD 9H fEERSe S BRIISTYISctypprsi| fprobspeadee did ity Bhto the _dded
microcarrieré arvd Prace fédithize-franfidifet horr@rectdhamic ditamiarmd ava:dissolved (typically-
30-60mins) the skdes7ares renaoyad metnerihedatumidifigdoioxrtaucherkefascamplete digestion. The

protease solutiogriscamapriniest and epmplaiadring:ef sdeleased tags aole the slide-is provided for
to allow the tagsdig.be analysed. 25 in some embodiments, the digestion of the one or more
microcarriers is carried out in a microcentrifuge or PCR tube such as those manufactured by

Eppendorf. 'ghe,y;terlcoa;l %ft %Lléggt% g@éfgg t]{'ee%geggﬁcf)revent the tags fré)rré adherlng to it once they
are - berated from tr’? rocarriers. 30 In some embo es are plsaced in a PCR machine

allowing for pre€fsatem er"atl O COREDI™ S CorRe BB 'ﬁ%ﬂf@%oﬁé‘ﬁ" M&hine operates a
heated lid, aIIOV\WﬁgP%? 0B FBAMITTRIATG BRAEE S &Y Hvzﬁf‘@lﬁﬁ%ﬁoﬁ‘ﬁﬂ@%@%ne or more tags
have been sepdfateeiTie i+ e e8f amit) it HeCide (BT Cofreesratso feimhiige sndfttlie tag(s) may be
obtained (using &6 arhisé nadititi faen Blecter Farigaiedy Fhid mtig Bsdvianetmbe analysed to
determine ome or more features of the tag. S

Micrespheres san be dyed internally or externally, with visible or fluorescent dyss.

infarmal dyeing occurs when the.dye is integrated into the microsphere mass, typically by

sogking the micresphere in a solufion contalning = dye or fluorophore, Bxemal

modificaiion. ocsurs -when a dye is conjugated fo the surface of the microsphere, for

20 instance modfication of a CML microsphere with an lscthiocyanate depvative as
described herein.

Accordingly, In some embodiments, the microsphere may be dyed internally or
externally, with visible or fluorescent dyes.

" itds furthermore possible fo use ‘guantum dots’ fo obtain a very high number of different
fluorescent labels which can be read corveniently, Thus; In s Rurther embodiment-of the
present invention, Quantum dofs instead- of flucrophomes are used. 4n cerfain
embodiments, quantum dots are preferable due fo the fact they do nof fade (photo-

30 bleach) when exposed- fe light. For instance the fiworophore FITC is known to photo-
bieach and celf units freated with tags conteining FITC are ideally handled in the dark
and are difficult fo analyse refiably. Quanfum dots may be ncorporated into
microspheres at the time of polymerizing the polystyrene resulting in sven loading of
tags, . Quanium dofs are available in many colours and they can be excited at the same

35 wavelength so allowing visualization of mulfigle colours without filters, by using a colour
CCD camera. Further background information on Quantum dots is svallsbie from



In a further aspect, there is also provided a method for identifying one or more tags that are obtained
or obtainable from one or more cell units comprising the steps of: (a) separating the cell unit(s) and the
tag(s); (b) obtaining one or more images of the tag(s) (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 théscell culture history of the cell unit(s) from which the
tag(s) was derived or obtained. Combinatorial serial culture of cells 15 Split-pool cell culture Forming
ceN- units (particularly microscopic cell unjts) is.furthermore_useful-for s i ultiple tissue culture
conditions as eé@?’ééﬁ?ﬂt-co%%%‘ﬁﬂ?@g n e{}a’%ﬁg%bgi]%i%d unﬁ? L%h%%%%@anégé%g%ﬁgéed te a variety of
cell- culture-coneifoH 8% actBFdaRheLwit'TREYrEBent HRAMISH REN grotpiigs Ate typically produced
by growing cellsUsRfieAgea Filptttre SaAtH A78- (Rl -EEhamitSeéfooup, colony and-bead are used
interchangeably. A particularly efficient method for sampling a large number of cell culture conditions is
referred to as Cambingionigl GellGuitanecgrsp libpios|degtctittube Gndompomatemilioeiment 25 involves
the serial subdiviging:ard eerahining ef grevps ef celbunitsiteostar toysampleamiattiple combinations of
cell culture condifigns.1a.AReRsRastRL thednventipadhenmaiodoperaiscr Bysdaking an initial starter
culture (Dr different sfarter.cultures) of gall Mnits.dividesiptorXlRMEbRI. @falisuints -each containing
multiple beads (QUUBICAICHIGESIITS) WhISD Al eV, SEoRAIEbBAR ligrgnt culture
conditions. 30 Followin cgﬂ)cuitur_e Ta,r a iye |n1;e thée cell units candbeé%g,\eled t@g combining and
mixing the B%ad?‘f?%?ﬁe%g"&ﬁf;é?@ﬁifﬁa |(ﬁ”ﬂg%§.ml' SRR e e Bplitagain into X2 number of aliquots,
each of which iSEufe A URYEPEitferent conditions for a period of time, and subsequently also pooled.
This iterative procedure of splitting, culturing and pooling (or pooling, splitting and culturing; depending
on where one eRtestithef ¢3eslednceel beraits 8B4 fow sy el matieds Smipting Brshafydiferent combinations
of cell culture canrdiioneitircoreptexsityrefitirectx perirmontgatinratherwordsarm@number of different
combinations ofnéadatioallttEg-conditions testeddeeruaktodthepproductoftheragsnber of different
conditions X Xg X sieXibearapied-al-gachitoundotioipdbatihe, siep ekpegliggiallthe cell units prior to
a subsequent spiiL.can, *3&99&%&@@@%9 Whishos ipiiadsnumber,etesibunitgigre pooled can have

the same effect.,[he mventl%gﬁth refore embodies a number of Srelated methods of systematically
. . uorescegce de on%e u?le . .. . .

sampling multlplﬂé combinations of cell culture conditions where groups of cell units are handled in

bulk. Regardless of the precise manner in which a. di\(ersitg of cell culture coqditiﬁons is sampled by

this means fie PrcEeRIAe TRERTHIN SRS S M URTBRICER Dhits %3??1%3‘5%{?8?5“ G%ifigle vessel, where.
they are culturediupseide i dckorituire wigiatecHh Bercarads BrTRigeBhf ™ few culture
vessels at any orsegafigeiftirtentivg e gl ol reohes sel §1 it samistise aapii8etyeiuRsber of split
samples). In mamytgsparisiteeprstipls dithisprioce dinesdseintfessthdcafosgiitslynthesis of large
chemical librariesskaevn ag6e mibvin steriatehemistey), dibieh samdles=lkpneitiicombinations of
linkage betwgen.nsoded objects or different colours denofe the identity of a sample (for example see

~088, Guiles et i, Angew. Chem, Infl Ed Engl, vol. 37, p826; Luminex Corp, Austin TX,

UISA; BT Biosciences; Memobsad Technologies, Ghent, Beigium).-

Suitably, the tag may be a charged tag (eg. & negatively charged tag). Accordingly, ina
30 further asped:, ihere is provided a complex comprising a microcartder - such 85 a porous

fmicrocarrier — and a charged tag.

Typically, the microcanier has a net charge. [f may comprise, consist or consist
essentially of protein, cellulose, polyethyiene, polystyrol, glass. collagen, collagen-
35  gylcose-aminoglycan andfor gelafin. Accordingly, the microcarder may be selected from
the group consisting of a Cylopore microcarrier, a Cytopore 1 microcarrier, a Cytopore 2



15. chemical building block groups (see for example: Combinatorial Chemistry Oxford University Press
(2000), Hicham Fernin (Editor)). Split-pool cell culture can-be repeated over any- number of rounds,
and any number of conditions can be samplecLat each round. So long as the number of cell units (or
colonised beads in This example) is greater than or equal to the number of- different conditions
sampled over ar rounds, and 20 assuming that #se splitting of cell units-occurs-totally randomly, Lis
expected-that there will be at least one cell unit tharhas been cultured according to each of the various
combinations of culture conditions sampled. by the experiment. This proced re-gan be used to
sample growth BFeEREIREN ARG BERATIBHETSF 4n§ LB fp T IS &gy of biomolecule production
-(e.g. productiormiobesien amg GeRisaRIBSHIBRERT By SAPEBAT Ky PE 95 B AMFSEIRE procedure is
iterative, it is ideathycsuited Hatestimgamivltistep HissoeeaMir&PREEIES|s - for instance those described
above in connection with. stem cell differentiation. The variables which can be_sampled using -this
technique includeyeall MReRSLORg WIRGHR J.sRicEoE antiosiltune: iceibancapsutation, whole
organismy, gro"y%ls DSIrE (-5 HRPORECHNQD-ERIGERCAEIRE: EMAHRIehee culture round,
temperature, 30 different culture media (including different concentrations of constituents), growth
factors, conditioned media co-culttlére with v?[jS

. ) us eIIlI es (6.9 feede I imal or plant
extracts, drugs,E%ﬁf@?hgﬁlﬁ'fﬁgﬁ@eéﬁerﬁ%%f%?fﬁ ecti ‘?‘Ig\?\ﬁt é/lgirl%s%-:'ag% |é‘%§9 %’, hggs%@iﬂfviruses) addition of

! . . . Lran
transgenes, additleI el iE S B HH GRS RORE IS8T RN e hellx). sensory inputs (in
the case of'®rgarfiathay ateplieal HRECErTBgYdR AL AR AR HTEE - BEHELBIECell culture The
purpose of perferdringospliujiatl. frocessissiopbes fh st Spaenartially 2epoe these to a
pre-defined combinatignmaégenditions. The person skilled in the art will 5 conceive of many different
means of achieving this outcome. In addition to split-pool processes and variations thereof, it is
worthwhile briefly discussing split:splitRrosessGsnA SRisaliLaresess imnelvessybdividing a group of
cell units at leas fwice without Intervening,pqoling,af cell units.Jf shllzspitipsasesses are used over a
large numbét of!\r"garn!(q%, ‘tl‘je num%er of Separate samples thaé ag%rg%ggrggg%é’g%g‘ases exponentially.
In 10 this case-f¥imBER4R 16 EMpldy Some. eﬂ\}‘éﬁ'%? automation, for-e ample the use of a
robotic-platforms4HHENHREEERE sarPTRHadkiig By &8meE THE SR antags oFsplit-split steps is that
(since cell units drerroeaisthBRmedion @ PSSR R'Sdgrelie ‘ﬁﬁhe%(rgg‘%“gf‘iﬁ%dvrﬁ%tjs cell units based
on their cell cultéreahtistemEvConseguisriespiRl spirates ¢a BriUs B Y IERdf a particular cell
culture conditionsisrrespangibleniol amysgiverrcellakat theproenss mad wisrefyrd thsed to deduce the
culture history of&eildmtiscAtiedetermined-protocols The-splitting -and/or pooling of cell units-may be
accomplished totally randomly or may 20 follow a predetermined protocol. Where-cell units are split
and/or-pooled randamly, thesegregationata-giver celndRihinie amu@rbR isdek predetermined or
prejudiced in any oy, .1 dghigsestli biN.RIcRARIakAeasbanRAekunit hasbeen
exposed to each of the ﬁpog& e co C%i gtiéi)ra’se 01;0 %elflmcntéé re &o&ﬂgggﬂgﬁ\ws_ adyantageous to employ a
larger numisr-of L& B R The total number of com inafions of cell culfure 25 conditions that are
being tested. Urflr ESREiMciftumnSEREES it Y IR Erofe Alvaritageous (6 spiit and/or pool cell units
according to a prevraeFHimha BRAETETcrRE SUETAN T being that adventitious duplications or
omissions of combinations are prevented. Predetermined-handling of cell units can. be optionally
planned in-advancexanddoggechentis: spietastigetics cormpurertisrograritrie saaaplitting and/or
pooling 30 eperatigns executed using automated protocols, for instance robotics. Labelling of cell units
(see below) can be by any of a number of means, for instance labelling by RFID, optical tagging or

spatial encom”%ﬁ%‘%ﬁ%@r@ﬁa%@}’i&% caRablepi-detpminingstheddenity-ef asamplassand therefore
partitioning the samples acco ding to a predetermined,protocol, have been described (see

‘Combinatorial CR&mis 'ﬁ;,_ u[%ractlca pproach’, Oxford 35University Press (2000), Ed H. Fenniri).

Alternatively, standard laboratory liquid handling and/or tissue culture robotic§[ for example such as

manufacturégl trQ‘hBééﬁﬁ‘iﬁ'ﬁecgﬁﬁéPmPﬁ%- consist or consist essentially of protein, ce ugcse,
polyethylene, polystyrol, giass. collagen, collagen-gylcose-aminoglycan and/or gelatin.




45 Inc, Fullerton, CA; The Automation Partnership, Royston, UK) is capable of spatially encoding the
identity of multiple samples and of adding, removing or translocating these according to
pre-programmed protocols. 5Analysis and/or separation of cell units Following each round of cell
culture, or after a defined number of rounds, the cell units can be studied to observe any given cellular
process that may have been affected by the tisgue culture conditions. 10 The invention will now be
further described by.-way of Examples, witch are meant to serve to assist one of ordinary skill in the
art in carrying out the invention and are not intended in any Waé%o limit the scope of the invention. 15

Examtales Ex&mpleEBiptraeaialaad oot s rar it bciriers 20 Eluorescent microspheres
(tags). from Bahgsdahs arerswaptardmiRsEet AkaSs the CESPIE & A& Bedhiers -(CSG) are
bletinylated in otdermtothcilitaterdsindifgtioftrehwicuaray #ie TEHSEFTREBREE050I experiment CSG are
supplied dry and sk atesbiarexcessisteriiesPBSocrdenighti@codraatso FaAufacturer's
instructions) ang.autaelavedhi#ehey are then rinsed several times in sterile PBS. Example 2
Biotinyfation reagent 30 Thebiotinylation reagent,Biotinamidohexanoy1-6-amino-hexanoic acidN-

hydroxysuccinimide, S Ségp%@%%c?&;n%m%iseym 19ma.ofie reagestdssdissolved in 400ul

dimethylformamide (If -) an ?d ed to sm1 settled volume af hydrated f3e-(3m1 settled volume in
It rigr Culfispher mucrogarmer — . . g

som1 tube) antHHREA eIy GChT PiRfing I(cos Y SSH/RSIspipgiiedp/down into the

pipette tips befot PIEERE ) ' '

1 -microcarrier that is used iogether with the rod-shaped microcartier is & Cultispher-G

TTHEROCEITISN,

Advantageously, it has been found that using rod shaped fags and charge-neutral
porous microcarriers is better than using spherical tags on the same microcarriers.

15  Without wishing fo be bound by en particular theary it is believed tha! smaller {ags
nenatrate the pores of the microcarriers netter and become jammed (presumably due fo
size asymmetry). Accordingly, the binding of manowires is beter than, for example, the
hinding of microsphere tags Bnd resulis in & high level parmranent tagging.

o0 In another embodinsent: one or mare polystyrene microbeads arer complexed together

with one or more Gultispher-G microcarmers.
Eor sorme embodiments, the tag is not a DNAtag.

25 In some embadiments, the tag is an externally dyed fag.
Stem-Cells.-

Stem celis are described in detail in Stem Celis: Scientific Progress and Future Research
30  Directions. Department of Health and Human Services. June 2001,
httpu’/www.nih.gov/newsr'stemceivscireport.hirn. The conteris of the report are herein

incorporated by reference.

There le still considerable debate about what constitutes a stem cell, however for the
35 purposes of fhis discussion a key characteristic is the abiity fo differenfiate ino &

different cali fype. Examples of stem cells are given below.



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 rinses in sterile PBS to remove excess
biottnylation reagent (rinsing is performed in a 50m1 tube with the CSG being allowed to settle
_between rin_ses 5 and careful aspiration with a vacuum). The biotinylated CSG are now ready for use
in an experiment They are stored under sterile sonditions in a known volume of PBS and the
concentrationln mixed suspension is calculated based on this volume and the dry mass of GSG added
to the tube initially 10 (typically we have-2000 CSG in 100pf) Example 3 Tagging methods in wells and
polumns 15 After the seeding of CSG with ES cells, the fluorescent tags are added to tag each stage
in the split-pooNeriatsackive Fell GovinberetirS Pt oiivg BrotRs e RN CE &°Rifh Stre ptavidin-coated
tags is used. 25Bhéeexgptiviernds endert rrfRidte feHraERBWEIY ITOBRPIEOEMIT R culture dish (each
well therefore nE@asyresi2Embe ooy Typd CagE omivivell willfooitarFOFESEFES cell complexes.
The flumesgenttagsaieraddaddathewehaba lranjoeaneantrailiniefdegs/ CHE. The 25mixture is
ggrp}tl_y %Ilctnaéed gﬁeﬁlgék&@'mg,))(')k&%g%/éI@%-&m[@;}@ig&}@@@/@%ﬁ&km)@aﬁl&hen the whole 5x5
hydroxyanisole, S-azacylidine, DMSO, insulin, t%ym%eh%mor?es(%}, Rﬂ‘? fge)ggec!éwent'

serum, vascular endothelial growih factor (VEGF), stesl factor, variafions in oxygen

10 concendration, escorbic acid, 8-giyoerophosphate, nicotinamide, platelet derived gromh-

facior (PDGF), cAlP, various cell. adhesion malecules and substrates, and ofhers. In

addition o these defined faciors, it is likely that undsfined exiracts, such as conditioned

media, human and animal tissue homogenates, or plant extracts can be used fo direct

stem cell differentiation. Progressive fractionation of these undefined extracts may yieid

156  active fractions or even pure components with high potency. These factors can be added
to the growth medium-used. in a particular experiment, efther slone, or in combinatien, or

in 2 defined order which is cruciat-to the experimentalresult,

Formation of cell units

20
Groups of cells {calt colonies) can be grown in cell culture under various condifions and
the colony:=can largely mairtein-iis integrity wder various conditiors, when disturbed,
_and when rmixed with other colonies, Such groups.or colonies are referred fo hereln as
cell units. Eormation of cell units may be achieved, by way of fHlustration, by growing-

25  oelis as adherent culfures on solid substrates suchas carriers. if cell profiferation ocours
after seading on {he caviars, the daughter cells will atfach on the same carrier. and forn
part of the.same colony. In general, iive atihersnt.celis. do not readily dissociate from
theéir growth substrate, and so the integrity of the cell colony persists despite any
mechanical manipulation of the carrier, agitation of the culture medium, or fransfer nio

30 another fissue culture system. Similarly, if at any time multiple carriers are placed in the
same vessel (e.g. beads are poocled) then there will be no substantial ransfer of cells
from one bead to another.

An important advantage of forming cell units on solid substrates is that the subshate —
35  and therefore the attached cells by reason of association - can be fabelled as described

herein.



.30 Example 4 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 050 are larger than
70pm and are 47 caught in the sieve (see Figure 2). A minimal volume of PBS (typically 5m1) is
washed through the sieve to remove unbound, fluorescent tags and the sieve is then inverted and
<3m1l basal madium washeri thraugh to collecizsthe GEG/taci complexes. 5The contents of all wells
containing different culture conditions are washed separately before being pooled together prior to
splitting for the next round of culture conditions. Example 5 10- -Digasffon of CSG and Cytopore 2 The
following methods are used to digest the beads prior to analysis of the attached fluorescent Bangs'
tags or non-fluerescent Suetagss(atestaers EFR0le 19361 BRGPHREPHREEE 15 -(a) CSG
Incubation of ingdivigyah@Ra begdsiin 2k mlsprdteirasci¢Bigmia PUSBOrATHEHE of giass--bottornedi
384-well rnicrofjfi-platesiessiieinsempictedigestiarvetithe, C8Greas @Bttt leaving the
polystyrene, :flugrescenttags. intacs. (mpleie-Higestnds tinicalijepppietewihin 2D mins and the

fluorescent tags then remain in {ne, proteinases,selLtianindafinieh-oirautinagtivation_of proteinase
K, with no detrimental effect to e tags:or their fluorescence (see Figure 3). 25 (b) Cytopore 2

Inculcation-of cf%fﬂ%?(es Qﬂr’ﬁit@r-orriét?% i(made from cellulose) in 37% HCI (-12M) results in complete

digestion of the microcarrier within 90 minutes whilst leaving the att?(%hgd "
As the physical properties of carrisrs are weil known it is agty to caiculale the number o

10 carers used in an experiment. The carriers may be avafable as dried products, which'
can be accurately weighed, and subsequently prepared by swelling in lquid medium. ln-
addition the number of cells used to inoculate a microcarrier culiure can be worked out

and varied.

15  Harvesting of cells grown on the microcarriers described hersin, or fiberation of labsls
som mictocarriers, can be achieved by enzymalic detachment of celis, andior by
digestion of the cattier where applicable as describad-herein.

Separafion of tags from iabelled cell units

20
In & further aspect, the present invention provides mmproved methods for the separalion
of fags from osll units (eg. csll units complexed with microvamiers):

Advaritageously, when.the tags are separated in acsardance with the mathods described
25  herein, they are obtained in an intact state such that the unigque parameters of each tag

can be measured failbiufty.

Advantagesusly, when the tags are separated-in order to be analysed by an ﬁpticak
method - such. as by microscapy - they are furthemmore obtained in close proxdmity to
30 each other such that the they can be imaged conveniently (eg. using just one or two

image fields).

in one aspect, there is provided & method for separating a complex comprising a
microcarrier and a tag, comprising the step of contacting said complex with a protease,
35  wharein said micrecarder comprises, consists or consists assentially of protefn.



coloured Duke tags intact As with the CSG, the tags remain in the digestion medium 30indefinitely,
without inactivation and with no detrimental effect to the tags (see Figure 4). Example 6 Flowchart 35
48 A spreadsheet is prepared which examines tags in parallel for LIV2 (and rhodamine) and Starfire
Red (and fluorescein) fluorescence, la. the flowchart shown in Figure 5 is dupl=ted in parallel with all
references to Fluorescence | replaced with Fluagescence 4, and Fluorescence 3 with Fluorescence 2.
For this system the final ‘No' decisions 5 from pages 2 and 4 will go to a "No Cali". This system can
result in a tag remaining unidentified, or given two identities. The Iatt I an occ I if the thresholds for
the lowest intefsiBPads AleSeTCORUERY, QORISR IH Atoreseh E IS It entlfled as being both
UV2 and Staffleeigiositiven %ﬁ&ﬁ@hﬂéﬁﬁﬁﬁﬁ@fd?%%ﬂ?ﬁ@%{ﬂlwmgﬁrﬂﬁ/ Yi§RIR associated tags are
identified as oneLyan=uthine' tgeterduridociriifficient tightness of the Radius Ratio setting.
Additional IF/ AND and COUNT functions have been used to flag up such Double and No Calls. An
alternative féow%&&ggg%gy@gm@ﬁ% klupss, lhanddiseralyasush that the final ‘'No' 15 decisions
from pages 2 and 4 will go on to -interrogate the Starfire Red values for the relevant size tag as set
forthin Figure 6, This system Ca{éxr%e%%‘sl'h‘@o@wé%%mml ynigentiigdribits size and/or

fluorescence dg%sg@oﬁj %ﬁ info th 5{ ned L ranges, There wilknathe.dauble gallswith this flowchart,
but this is at-th O Miz-ioRiti A Intensjty t r above. -20 Example
7 ES Cell Differ®ftfafici? ﬁﬁiH‘ﬁgcéﬁ%?g( ALE R ﬁllscfﬁﬁ{gr%ee% ?%ec%%%ﬁﬁ%ﬁ?ﬁegsults using labeling

methods 250 In<CombiasieaFCell Culture. ES cell colonies grown on microscopic beads are shuffled
through multiple combinations of growth conditions using random spurt-pool methodology
accompanied by eaneemitant |aefiingrAtitie entiafithesnsrdbesscaFbeREHELting differentiated
progeny are identifisd-and iselateds anebihenaseotiatedrthgstanecamadyordhe step of

sontacting sald complex with acid.

15
Suitably, e microcarder has & net charge and may comprise, consist .or consist

essentially of cellulose. Thus, by way of example, the microcarrier may be a Cytepore

microcamier — such.as is a Cylopore 2 microcarrier.

20 In some embodiments, the fag.ls a sphere — such as & microsphere - that comprises,

consists or consisis essentially of polysiyrene.
in some embodiments, the tag is a rod-shaped particle such a& a nanowirs.

25 Various reagents may be used for the fiberafion of tags from microcarrier = such as acid
{eg. Hydrocholoric acid and/or sulphuric acid) or sadium hypochlorite andlor sodium
hydroxide in addition to other reagents — such as trypsindEDTA, caliulase, proteinase-K,

and sodumrehionide-(eg. B sodiom chiorided.

30 Insome embodiments, the reagentis hydrochloric acid, preferably 37% hydrochioric acid
{about 12 M).

_in some embodiments, the reagent is sodiom hypochicrite.

35 In some embodiments, fhe resgent is a protease.



30 to deduce the cell culture history. An example of this process is described using haematopoietic
differentiation of mouse ES cells as a model system. The developmental roadmap to haernatopoiesis
is relatively well charted, and many of the recombinant growth factors that influence cell fate are
35known and readily available, nevertheless directed differentiation reported in the literature has used
materials and methods (embryoid bodies; semigolid culture media; 49 supplementation with animal
serum) which are cumbersome 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 - mderSPRETECS RGN BA RS HRRGEEGEE) fineage (Gordon S. & Taylor P.R., Nature Rev.
Immunol. 2005 5: 953-964), because this has been reported to occur in vitro and because it is possible
to carry out a sy, fimctsatirsel derplortiese BERSITES & GATALYbEY s Huorescent antigens.
15Materials-angbsnetireds Reagendsmuiinecste Hidee Friagtors GUEITRERIGY &efs, 455-MC) 15
murine thrombgpeietinFRQ L (R&Romusiemsio488-TO) human erythropoletin (EPO) (R&D Systems,
287-TCy human intedeakin 6 (IL-6) (R&D Systems, 206-IL) human transforming growth factor D1

ETGF Osl) <R&Ds§xat,em§,s§%%% troatdl lx'&iB%M%@Fig?g&r@olgﬁwaﬁmbﬂaﬁimg@‘e;ﬁior (M-%SF)
R&D-Systems, 41-5-ML) 20murine interleukin 3 el -3) (R&D, Systems, 403-ML) human bone
morphogeneticmﬁ%%'?'r‘]erzgfﬁﬁﬁ%e(ﬁ‘% Sii/st(lamgz(, 355-BM) human fibroblast growth-factor (bFGF)

R&D Systems, 233-F13 o
( Y 15 Suiably, the incmcarriars o be digestad are washed in distilled water i remove sy

traces of medium-andior salts and appiied o the surface in & minimal volume of liquid

Suitably, the surface is heated fo achieve cosmplete dehydration of the microcarriers and
to adhere the tags to the surface, thus preventing disparsal.
45

in order to.carry-out microcarrier digestion in a minimal volume, preferably jess than Sul

and more preferably less than 2ul, the digestion is pardormed ira humidified box.

in some embodiments, the digestion is achieved using. one or more profeases. The

20  protease sofution is. typically dispended directly onto the.dried microcarriers and placed
in the humidified box. Once the microcarriers have dissolved (fypicaily: 20-60mins) the
slides are removed from the humidfied box to check for compiete digestion.  The
protease solufion is evaporaied and compilete drying of the released tags onio ihe siide-
is provided for to aliow the tags to-be analysed.

B In some embediments, the digestion of the one or mere microcarriers s carried out ina
microceriirifuge or PCR tube such as these manufactured by Eppendorf. The interior of
the fubes may-be treated fo prevert the tags from adhering to It once they are diberated
from the microcarriers.

30

in some embodiments, the tubes are placed in & PCR machine aliowing for precise

tempsrature confrol.

in some embodiments, the PCR machine operates & heated lid, allowing for use of

35  minimal volumes of liguid.



refinoic acid (Sigma, R2625) bovine4nsulin (Ins)(Sigma,_105-16) 25insulinftransferriniselenium
supplement (ITS) (Sigma, 13146) Microcuiture CultiSpher-G microcaniers (Percell Biolytica AB) were
hydrated and sterilized according 30 to manufacturer's recommendations. Biofinylation was performed
by addition of 10mg Biotinamidohernoyl-6-amino-hexanoic acid N-hydroxysuccinimide ester (Sigma),
dissolved in 0,4ml N,N-dimethylformamide (Sig##a), to 5m1 of Ca24/Me-free PBS (CMFPBS)
containing 3x105 microcarders and incubation overnight at room temperature, followed by 5 washes
using an excess of PBS. The blotinylated m}La-oct)arriers Wteréef%?1 lg%)resﬁ)fin ( Mﬂ@-@gs 50 D3 ES cells
(ATTC no. CRLEYESH) WEF &y roa M B g8t St Brastc i KODMEN containing 15% knock-out
serum replacenfS{(RISRIOLe 4 TrER 8RR EnTiAb B RIAIRE K759 97 SHEtRRaR, 0.5%
penicillin/streptarIpsiro SN e mer Esese tighbE{CMESRIF= 5T 00 971 eukemia Inhibitory
Factor (LIF: Chémticery;tedlidpom Invitrogen Sunless indicated otherwise. On the day preceding day 1 of
the experiment approximately 1.4 x 105 biotinylated micocaniers equilibrated in medium A (IMDM
(Gibco), 15% KQE Ryl HuNEAAR 5 %P eaiadiemantnidd DeMind QR0 tHesans 1.5x104M
1-thioglycerol (MT GaSigina) ieitid Guadsiedhiond Q0mlehdetivb-A-senishiag @x 107 ES cells,
aliquoted equally intg, wells:of ARQPIAT:SQuATer-PelikidishsA%s Wels-Rihty feriin) and incubated
overnignt An 21! dseeded micracariers (] 0 bends) were.lxed dadipparalprmaldehyde (Sigma)
for 10min at- R ,%\/3"5 sgaaarﬂmeguspenge 'In PBS, ar’%d tain vwgh Veq;tor 1% {Blue Alkaline
Phosphatad® SGBE"‘[r’ﬁ?&’rﬁtofI?’f\?&ta?’ﬁgffoﬁﬁgt%ﬁécsr)mg&ecg?gﬁs c?o hé Manufacturers instructions.
Combinatorial C?@W@E?FELW%%%’@é‘ﬁEﬁi‘i‘ﬁ’iﬁgﬁaﬁé‘r@‘wgﬁ%mgﬂ(ﬁ)]f’('r)a%d?ﬂﬁ?rﬁrnylon -cell strainer

(Falcon) and  obiained.

Combingtorial serial cufture of cells

15
Snolif-poo! cell culfure

Formming celt units (particularly microscopic cell units) is furthermore useful-for sampling
multiple fissue culture conditions as each cell unit-constitutes an easily handied unif that
26 can be exposad to a variety of cell’ culture-conditions. In accordance with the present
invertion, cell groupings are typically produced by growing cells in microcarrier culiure,
and the terms- celf unit, cell group, colony and bead are used interchangeably. A
particularly efficient method for sampling a large number of cell cultyre conditions s
referred io as Combinatorial Cell Culture or split-pooi well cutture and in one embodiment
25 involves the serial subdividing and combining of groups of call units in arder to sample
muttiple combiﬂatiéns of cell culture conditions. In one aspect of the invention the
method operates by taking an Ritis! starsr culture for different starter cultures) of cell
uﬂitﬁ divided Tio- X, number of alfiquols -each conteining mulliple beads
(groups/colonies/carriers) which are grown separately under different culture conditions.
30 Foliowing cell culture for a given fime, the cell unils can be pesled by combining and
mixing the beads from the different aliuots. This pool can be split again into Xz number
of aliquots, each of which is cultured under different condiions for a pericd of time, and
subsequently also pooled. This iterative procedure of splitting, culturing and pooling (or
pooling, splitting and culturing; depending on where one enters the cycle) cell units
35  aliows systematic sampling of many different combinations of cell culture conditions. The
complexity of the experimant, or in other words the number of different combinations of



washed with 1-5ml PBS, then transferred into an excess of medium B (Stemlineml Haematopoietic
Expansion _Medium (Sigma)containing 1.5x-1-0-4M MTG). On days 1, 4, 6, 8 and 10 microcarriers
were split equally as required by the experimental plan and -each sample incubated in welts of a
100mm; 25 well, square petri dish such that each 25 well was loaded with approx. 5000 beads in 4m1
medium B containing the relevant chemicals -agad/or growtfi factors, and 1x1-06 streptavidin-coated
microsphere tags. T-his_ -procedure was followed for each-split-pool cycle except following the
split-on D10, when microcaniers- were not tagged. Following DID, tile rificro%q,miers were processed
separately (i.e cribulssoretissstizggitg sad ASERIBHTEE S0 BRGRTT B RE experiment, Img of the
macrophage agsayXeagsntsDois\almemiphiibrietr e epee) RUeThde o 11'6.4m1 PBS and added
to each sampleat & diutienet pi08: Follvwirg rrsubanoaro SR PR ¥iBdium was aspirated
and replaced with RR3.Ehessamplamavere exaainedioria ke srPERE00S P efted epifluorescent
35microscope sing a&lhC Hlteraatdrdaepiifyinicroaae e tiednng dargd, sdurd cells internally

labelled with green.fluorescence. SRRtV mig@satiers were transferred by pipette into the welt of
a 384 well glass-bottom assay plate (Bibby Sterilin) containing a solution of proteinase K (2U(ml;

Sigma) in PBS and incubated at ngszc for SQm%CLogogivi& which,time.fdugreseanidags could be seen
Sarrayed on thEGRLEE Frie " Tags K Sot of tags (Fig 13) eachy set comprising a population of
fluorescent, strEfRtEEidin O ETEEE %ﬁ?@ﬁr‘éﬁgﬁ%icrg_sb%ee%gfpﬁgg commissioned from Bangs
Laboratoriés (Fﬁ%ﬁer‘@?w-)wﬂ?ﬁ%%Wéf%ﬁ‘é@’ﬁbf\ﬂf@éﬁ%@@gﬁ?gﬁggdgﬁr%?oﬁ%, he microsphere
diameter (sizecbaitusi@ iz ded Tyine BeFSirH, aMFPgAT e Sy toredetite
emission/brightpess édyechwithrfivednté neitiesnoksithersarfireeRetior tN® “Alffuots of these 50 sets
were further copjiigaiedwithtieiramethylihegamiisesd ard<Bymisdtfivisata®@{TRITC; Invitrogen)
according to the manufagtuarsinsiratiansitoap rasite @rbadirsumigigd O=thserete tags. From these,
a set of 28 highly distinchive 1ags, weisasd in-henpxpasinenidlalirhirkaganafysis 2T Tags were
_analysed by-gioscopy Usinga NG Lz 0RG: ryarieseniluore sses isseacope equipped-with
filter sets for vistalization of the lugrog@oggeﬂu{gé;rr ¢ ot (UN2)s GRBEB {allfiom Nikon) and Cy5
(Chrome Techr?&?é?? ' TTRgeS Were captured ysing an- volution VE cogled-mopochrome camera and
image analysis Tir&s: §i’ﬁ59 ﬁﬁgﬁé‘%ﬁ"fﬂﬁg%&ﬁg r%sr?l M&gél?én ' ernnéjtics Thed-outlines of single
microspheres viee gagitied {fSiny B FERPTIUINTS APt areas Within these calculated to
size the tags. Theuwrentif|thorerstenetseERGHRs Rithea1Ir: AT BTt thannels were used to
further specify thie idlentitysofne aghutighbymo hrpa fiderd G reteiehieednth % ¥oritining known tags
(e-g- Fig 14)- 3Qombinations of culture conditions sampled- by the experiment. This procedure can be

used to sampie growth or differentiation conditions for any el typs, or the efficiency of

hiomolesule production {e.g. production of erythropoeitin or imterferom) by any cell type..

25 Because the procedure is iterative, it is ideally suitett to testing multistep tissue culture

profocols - for instance those described above in conneclion with stem cell

diferenfiation. The variablés which can be_sampled using this technigue indlude cell

type,-cell grouping {e.g. microcartier culture, cell-encapsulation, whole organism), growth

substrate (eg. fibronectin on microcarrier), duration of cell culture round, femperature,

30 different culture media (including different conventrations of consiituents), growth faclors,

conditioned media, co-culture with various cell types (e.g. feeder celis), animal or plant

extracts, drugs, other synihsiic chemicals, irfection with viruses (incl. fransgenic

viruses), addition of ransgenes, addition of anfisense or anti-gene molecules (e.g. RNA,

triple helix), sensory inpuls (in the case of organisms), electrical, fight, or red-ox stimuli

35  and ofhers.



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 macrophage (Table 1). The
matrix was comprised of six alternative culture conditions on the first day (DI) of the experiment,
followed by six alternative conditions on D4, a further 52 eight on D6, eight more on D8 and finally six
alternatives on D10. The total number of possilake pathways through this matrix, i.e. the number of
different combinations of cell culture conditions tested, was 13,824 (e. 6x6x8x8x6 = the 'experimental
complexity'). All condltlons were based on a commercially available medium which permits growth of 5
human haematdpigtié BrsgeRors, but varied in supplementation with different growth factors and
morphogens known to influence mesoderrn formation, haematopoietic development and commitment
to the macrophagsplineage (icanshnasiyoll prideEwgin J5Noi. 'R B0TBERIGIGHFEA5; Godin 1. &
Cumano A. 20022: 393-6Q3nAQPiurpaiant MousedS Tellseveressetsdionefatinylated racroporous
-gelatine migrogariey. Q?%Q@'&M&P%%%@@Bae{@m nwhetetheydommed eelpigionies that stained
positive for a'ka“nese §B v%ﬁ%?b%s%&‘éﬁy (R RwERIPwingLWengthslrawaldiesbeads were
systematically passa hrough Bg%g éwlgngo inations offonditions.spegified in the experimental
Pmet

matrix using an’ it i %mﬁss as descrlbegb Wo 13 é%y?@é?%f At the beginning of
the experlment‘ﬁtﬁ‘ﬁ?B‘Qﬁﬁ%\cﬂeﬁﬁiﬁex”ﬁ% sesgg gé't S Scarnior beads were split randomly into six sets,

each of which W2E%ulka EEE SEFRERIS TBRE P thE IR GTRETENT et |gx§° emﬁe’cz for D1 in the matrix.
Four days-laterttivectsedids *m%m@%@‘@@f&ﬁﬁ”@ﬁ’ﬂ ﬁﬁrf’r"@i?i’ﬁ SAGaIRIALS six sets each.of
which was ctiltusedibpitierahirerhididies prrifddcsioosiany tHig SRS proc&ture repeated on 08,
08 and D10. Eagkpéime-apiakgubiot beadscwainei it ectlitiatogitsrert WREEREM "those beads were
labelled. with a yRigye-iagiaxeenton:RdA -iakte wingywiictethegplitisdigudtsswasreehandled separately
and therefore dig gt teuirg lRheling: ThusriRe-nmeenseapotany-giuendbead:-@E:through the various
culture media coul{% s@% inferred by analysingube geldestian-aldagssassociated with it The labelling

strategy we employed involved an- array of uniquely distinctive, streptavidin-coated- fluorescent

microsphere ta%s which boundmto lthe biotinyiated microcarrier substrate. 30 At the end of the
experiment, D1 FreTS were exposed to a hyperfluoresceinated (self-quenched)
ovalburnin antigen. This reagent is known to be specifically internalised and dl%ested by phagocytic

macrophages, tRissaispersife iR B eHErs BHPERANY Pl AR I AceMlar signal (Fig 9 &
10). On screenifigothe m}emwedfelﬁlmoﬁh%?ﬁ%{ﬁﬁ%kﬂ*ﬁéfelﬁpwctbéP‘E?'@E’IWHEHT 4 x 105 input beads)
bore 35large, rasndgintesaljvBuciestent cellsolpsast RisrEtrt & fsEEa8Y had been passaged
through conditiops thatesere-eithe s pRIissivEyarHsteas e fo EShesteen axposed fo

each of the possible eombinations of cell culture conditions, it is advantageous o employ

a larger number-of cell units. then the total number of combinations. of cell culture

25  condiions that are being iested. Under cerlsin clreumstances i is thersfore

advantageous to split andfer pool cell units according to a predetermited protocol, the
overall effect being that adveniifibus duplicatiors or omissions of combirtions are
preventsd. Predetermined handiing of cell units can be optionally planned in-advance .
and logged on a spreadsheet or computer programme, and splitiing andfor pooling
30 operations executed using automated protocols, for instance robotics. Labeling of cell
units {see below) can be by any of a nuniber of means, for instance iabelling by RFID,
optical tagging or spafial encoding. Rebotic devices capable of determining the identity of
a sample, and therefore partifioning the samples according to a predetermined protocol,
have besn described (see 'Combinatorial Chemistry, A practical Approach’, Oxford
35  University Press (2000), Ed H. Fennir}. Alternafively, standard laboratory fiquid handling
and/or tissus culture robotics (for example such as manufactured by: Beckman Coutier



53 differentiation to macrophage. Beads carrying large numbers of macrophages were analysed to
deconvolute their cell culture history: these beads were isolated and the gelatine substrate proteolysed
to release bound tags, which were categorised using fluorescence microscopy followed by image
analysis. 5 Some microcarriers were labelled with large numbers of tags, all of which could be
unambiguously categorised into four different sgiecies, revealing the pathway of these beads through
the experimental matrix. For instance, bead C5 was found to have tags corresponding to the pathway

1.2,4.2, 6.1, 8.2 and was isolated from the group of ]?.{Ob?ad f'nal%%ggig%%gamto condition 10.5 (Fig
If a). Some oth&enTidksiearfard e Aiwralen AZ9)ER: TREEA T With FaMe numbers of tags, of which the

majority fell intertrdifotiedifdterireisticeaes Sred fiFoagRTRNMIM G ARG e MR minority appeared to
be acquired thraughiadventitiaustrahsfércbdtween different 15 microcarriers (Fig 11b). In most of
these latter cases, there was a large excess of one class of tag, which allowed a measure of
confidence 4n deconvolistingsthe-ael gullteibistory. In .a few cases (normally where overall labelling
was inefficient, e.g. bead E6) there were equal numbers of tags from two different spades added on
the same day, giving .ffse to an ambigulity (Ei N = Of amabigities were easily
20resolved on L?l”tchergé?fﬁié???‘ﬁ]eF%ac%?o%%‘éééﬁéfligg%ggt)ﬁé%g%q@%%g;ggrgpfggeggbq}% A batch of
pluripotent mE SPEBT S SE8 Fe P BR FAILrE A ers was divided 1nto a series of aliquots, each of which was
used to test oné’sﬁt?ta‘fl%eﬁ?ﬁ‘@'?@ﬁtiation pathway as defined by Combinatorial Call Culture, Ambiguous
pathways (®.9. A22 and.E6) were tested by- 25 assaying each alternative in parallel. Using this
method, bead Af2 wasticetarmined totieavespisdan trodfgharorrsitbid B2 a52mdy 8.2, 10.3. Similarly,
the -route of beagh Ea thepugh hedmabkaNasd 32 We2n61808. ha Bveririgiameasting that these
pathways which, produced, macsephagedadcettairaenditions 30 in-common. In particular, treatments
on D1 and 04 were consistent in all three, possibly revealing a requirement for those conditions in the
generationgf haema[gé)oietic progenitors using this system. When reproduced, these pathways
consistently restHEd N 10-25% of all micromniers being decorated with substantial numbers of
macrophages (Fig 12). Deviations from the optimal pathways were found to be generally detrimental to
35 macrophageFaiffdfentiation. Similarly, when random pathways through the matrix were 54 tested
for the ability to produce macrophage, no effective protocols were found suggesting that these are
relatively rare. Gotiehaierston of Cullispher-G microcarriers
20

Fluorescert microspheres. (tags). from Bangs labs are streptavidin-coated and so the

Cuttispher-G microcariers (G8G) are Bistinylated in order to facifiiate binding of the wo

during the course of a spiit-pool experiment. CSG are supplied dry and are hydrated in

excess sterile PBS overnight (acoording-to manutacturer’s instructions) and autoclaved.

25  They are then rinsed several times in sterfle PBS.
Examapie Z

Biotinylation reagent: ,
30
The  bictinylation reagent, Biotinamidohexanoyl-6-amino-hexanoic  acid  N-
hydroxysuccinimide ester (Sigma B3295 10mg) /s used. 10mg of the reagent is
dissolved in 400! dimsthylformamide (DMF) and added to 5mE setfled volume of
hydrated CSG {5ml seffied volume in 50mi tube) and mixed well by gentle pipetting
35 {01% viv BSA/PBS is pipetied up/down info the pipette tips beforehand to prevent
sticking of C8G 1o the inside surface of the ﬁps}.



C An example of mES cell differentiation is described using Combinatorial Cell Culture featuring the
use of labels or tags. The process was used to screen an experimental matrix comprising almost
14,000 different cell culture protocols for conditions leading to differentiation.to the

monocyte-macrophage lineage. By screening such a large number ID of potential pathways and using
a suitable 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 which are normally required
for monocyte-macrophage development in vitro. 15 Example 8 Digestion of Cu pher-G micrecarriers
nag/ass slides for tag deconvolution Reagents and Eco3ipment 20 Proteinase K (Sigma P4850 1mt)
Sigmacote (Sigima SbtiptGiasaaenicrodtpe RidsubBBBvER 586 KEMETMEd8Humidified box
Glycerol (or Citilupnrtire tegps avd3mmediasirsie PEsgatve miips BotveivasWitrocarriers are
digested individuraihs te gevantdhe: complemsnhe ke bsthntlareddtiagirekBigaitien is carried out on a
glass microgcopg; slide(can-dig a8t spptaMmicrocarriers on one slide) 35 55

The biotinylated CSG are now ready for use in an experiment. They are stored under

sterile conditions in a known volume of PBS and the concentration’in mixed suspension

is calculated based on this volume and the dry mass of CSG added 1o the tube inftiadly
10 {typically we have 2000 €SG in 100p)

Example 3

Tagging methods in wells and columns

15
After the seeding of CSG with ES cells, the fluorescent tags ars added fo tag each siage
in the split-pcol matrix. The following method for tagging biotinylated CSG with

strepizvidin-coated tags is used.

s5 The experiments areconducted n a-5x5 welt {10cm-X 10cm).cell culture dish (each well
therefore measures 2em x 2cm).  Typically, one well will contain 7000 CSG/ES cell

complexes.

The fiuorescent tags are-added to the well at a known-concentration of tags/CSG. The
25  mixture is gently pipstted to mix (using 0.1% BSAPBS-treated tips to pravent sticking)
and then the whols 5x%5 dish is filtad to facilitate close contact of the C8G and tags.

The dishi-is-placed in a 37°C incubator for approximately 1he and then placed flatunilt the
pext stage of the spii-pool experimert.

3D
Example 4

Washing methods and sfeving

35  The contants of the welis which have received the same freatment are gently pooled
together and weshed through a 70pm sieve. The CSG are larger than 70pm and are



Coat glass microscope slides with Sigmacote in fume hood: holding slide horizontally, carefully pipette
Iml of Sigmacote onto the top of the slide, ensuring that it covers the entire class surface, Leave in
place for approx 30s and then carefully tip the slide and remove the Sigmacote from the edge with a
pipette. The sigmacote 5 may be re-used so return to the bottle. Most of the Sigmacote is removed in
this way but do allow any remaining Sigmacote#fo evaporate completely. If there are any traces of
Sigmacate left on the slide or if there are any smears, wipe the surfaces of the slide with gloved fingers
to produce clean surfaces on the slide 10-Ensur -Mickagaprers t lgested have been
carefully Washéﬂ“ﬁqid'l-f%si%v?e(ﬁ%%\ig-éen%g'trgarcnénslmg%%ﬂ%%ium aﬁ&%ﬁ%tﬁﬁjﬁéﬁgom pipette tip,
carefully remoVeSHEIAEE Frif FERAH SIS e dE 120 in 2 minimal volume (1-2p4 max) and deposit
on the-glass sliehd, risbaest BRI RS &84 (B BlIEHE tha MSSTE LB volume onto the slide; just
pipette enough to deposit the microcarrier on the slide (ensure the 15-microcarriers are sufficiently
spaced to tallownlatenaddifion efia cotarstigieithottteoenapion.- et tRGTFRERTer slide is-achievable
with care) Carefuly plagadheaslisisiprar 6E3EGhpietrdomatievelcotvpletsiigEhydration of the
micrecarriers and sticking to the slide (10 rains should-suffice): 20 Make a fresh 501rni solution of
protelnase k in %@%9: (Rote that the concentration of protelnase k stock varies between _batches so the
dilution-should be calculated with each new batch (eq. Stock solution '1230U/ml to 50/m1= 5/1230 =
1/246. ie. 1 in 246 diluti(f)g-s%f stg)g so{lg jon in d1-120) 25 Prepare a humidified box in which the
digestion ré¥ctiBHWiT 5e per?grm a 10cm x 1-0crn _cell-culture Petri -works well with disposable
plastic *pipettes- cut to size to fit along 2 sides, Place Wate,r-v%/etteg tissHEengaechggen the pipettes)
30Carefully butTaai@ﬂwﬂp@péﬁéGe%ﬁ%?%tﬁﬁﬁi%?&é’ﬁ?%%@ﬂ?%8lﬁ??oyﬁ*sd?reptly onto -the dried
microcarriers (thisremanbéaaietfizidly 2n0USHIoREt DTy agm ARty SIBR e R AEiI e 98porate quickly
outside the hunudied bexgs@nce all the microcarriers have had proteinase k added to them, place the
slide in the gumidified box and cover with a lid. Leave at room temperature, protected from light as
much as possit{lg,dg@til the 35microcarders have dissolved (typically 30-60mins). It is necessary to
remove the slides from the humidified box to.check for complete digestion and this needs to be 56
performed as quickly.as possible hefore immediaterelinokipggsldesis thadexto avoid evaporation
of proteinase k S0In) Once satisfied that the mictacariers havesampleiabedissalyed, remove the
slides 5 from th&BERARIANW 16 sit at [oom temp to allow, raion.afiihe.pipteinase k soln (this

. g ing t ane,. fiucrescent ;macg %Aﬁ%@% 9{8&@09 15 i QI
will procee&oquft‘ﬁ“ﬁﬁm. PO TE S IEETR A oven for approx 10 mins ta ensure complete
drying of the relesrsise 4 SRfEhES figdiyorescent 1ags then rema iniie proteinase & So

indefinitely, without inactivation of proteinase K, with no detrimental effect to the tags-or

their fluorescence (see Figura 3).

25 (b} Cylopore 2

Incubstion-of cﬁopore 2 microcariers (made from celivioss)-in 37% HCI (~12M) results

-in complste digestion of the rmicrocarder within 90 minutes whilst leaving: the attached

coloured Duke tags intact. As with the CSG, the tags remain in the digestion medium
30 indefinitely, without inactivetion and with no detrimental effect fo the tags (see Figure 4).

Example &

Flowchart
1)



Carefully add a 40 drop of glycerol directly to the dried tags, taking care to avoid air TO bubbles (if air
bubbles are present in the-drop it is often easy :to remove them by pricking with a small needle). Using
forceps, carefully lower a dust-free, 13mmdiameter coverslip onto the glycerol droplet, taking extreme
care to avoid air bubbles (it is almost impossible to remove air bubbles from under the coverslip once
in place). :Allow the coverslip to settle -(the glyeérol will spread throughout the entire coverslip
15.Protect slides from light as much as possible but be careful not to disturb the coverslips too much

and spread glycerol over the surface, Arralysatags using a mi ope: 20 Example 9 Digestion of
Cytopme 2 micHSeETHERS RSSRAMTS A fBﬁ%%%st"é%a ‘éa‘ %6%@%&%%"@?“““5 N J

ty-glasses, glov
'Hydrochloric-a8leifi8 78 kot HRPECrRIWETEEPCR ‘*‘Eﬁb‘%%”défi‘&rﬁ%“’é”é‘te}*{‘(% yma ésagt # gi-z) Citifluor
mounting medicimi#erbin seieitiic) Metretr-57 PeewiE 4 RISt microcarriers are
digested individualyderevest b Bomptemrehtiof tiyssat thedrattbiefeeis™igestion of individual
rnicrocarriegs is-samgsk 0uhdn: aithintavaNedPCR tube in a thermal cycler or heater block at 65C.

This system can result in a tag remaining unideniified, or given two identifies, The latier
car ocour £ the thresholds for the lowest intensity tags are set incorrectly, such that a
low fuorescing tag is idenfified as being both UVZ and Starfire posifive.  Another

16 axample of a double call fs when two fightly associated tags are identified a5 one by an
‘Gutling’ macro dos 1o insufﬁsieht fightness of the Radius Ratio sefting. Additional IF/
AND and COUNT functions have been used fo flag up such Double and No Calls.

An alfermative fowchart coukd examine the Fluors 1 and 4 serially, such that the firval 'No'
15  decisions from pages 2 and 4 will go on to interregate the Starfire Red values for the
relevant size tag as. set fortirin Figurs 6. This systern can alse result in & tag remaining
unidentified i its size and/or fluoressence does not fall into the defined ranges. Therg
will ot be double calls with-this flowchart, but this is ai-the riske of mis-identifying fow
intensity tags or deublets as described above.
20
Exampie 7

ES Ceil Differentiation using Combinatorial Cefl Culture and deconvolution of results
usirrg labefing methods
25
In Combinatarial Celi Culture, ES cell colonies grown on micrescopic beads are shuffied
through muitiple combinations of growth conditions using randorm spitit-pool metbodology
accompanied by concomitant labeling: At the end of the- process, any ‘beads bearing
differentiafed progeny are Tdentified and isclated; and the assoclated tags are analysed
20 o deducs the cell culture history.

An example of this process Is described using hasmatopoietic differentiztion of mouse
ES calls as 2 modsl system, The deveiopmental readmap o haematopoiesis is relatively
well charted, and many of the recombinant growth factors fhat influence cell fate are
235 known and readlly available, nevertheless directed differentiation reporied In the
ltersture has used materials and methods (embryoid bodies; semisolid culure media;



Draw individual cytopore-2 microcarder + tags (+cells) into pipette tip in smallest volume possible,
typically <2 pl (200 pipette and tip work well) and deposit into 5p1 drop of 37% HCI in petri dish. Move
quickly to next step... Quickly draw up the microcarrier into a pipette tip set to lul and deposit into the
very bottom of a thin-walled PCR tube and dose the lid. Place the tube in a thermal cycler or heater
block set at 65C for 7 mins (check that the carri# has dissolved by inspection through the tube wall
using a microscope and incream-time by another 2 mins if necessary. Carrier should have dissolved

after 7-9 mins). Treat glass microscope slide with Sigmacote. Tr ipette tip with- -sigrnacote,
ensuring-that it YRREESIBTetaN~ Betore c: rvé?)l%ln arree%%%/?ﬁsoqtﬁ a’i?@ﬁ%ﬁ#ﬁ %%@ﬁjpbe containingLthe
tags. Deposit 118 HEREB G HIEE SEBh BTHe TRUBH LS dFop i hianging drop and incubate in 680C
dry over until completely dry (15-30 mins). Add drop of Citifluor and coverap. Analyse tags using a
microscope. 25nEreinstevt Gt alfatliditerateismasithSrodsshArerrragde 3035 ItispherG
microcarriers weiehseededmwititRainogsEESroR|k Taviar sty iiel Baspen4sien<®a density of 50 cells
per carrier in 2 pgrowthueesismscaRtpRES iInepHO BN+ ES %K B8R 180U hEpenicillin, 50pgiml
streptomycin, 2pM,GluaMAK R NEAM, £0RQUSMthiFcLOGRM 194Eg@abtiecell units cultured
overnight at 37¢, G;%e@gég{,gg@&el;gq vital staining was performed on the cell units prior to addition of
nanobarcode particles to confirm viability of cells before particle addition. 58 Suspensions of

rod-shapedgarticlte_s co;npiising 6 micron-long Ag/Au coated aluminium nanowires (Nicevramer-Pena,
S.R. et al., Sci [ =141, 2001) were obtained from Oxonica Healthcare (1Gdlington, UK) at a
concentration of 1x109 particles per ml. 5 Two barcodes designated 101010 and 100001 (where 1 =
Ag and 0 = Au) fi#égetised to label the cell units.

murine stem cell factor (SCF) (R&D Systems, 455-MC)
45 murine hyombopoietin (TPO) (R&D Systems, 488-T0)
human erythropoietin (EPO) (R&D Systems, 287-TCY
hurmnan interfenkin 6 (iL-6) (R&D Systerns, 206-1L)
hurnan ransforming growth factor 01 (TGF11) (R&D. Systems, 240-B)
murine macrophage coleny stimulating factor (M-CSF) (RED- Systerns, 416-ML}
20 urine interleukin 3 {E-3) (R&D Systems, 403-ML)
human bone morphogenetic protein 2 (BMPZ) (R&D Systerns, 355-BM)
human fibroblast growihfactor (BEGF) (R&D Sysiems, 233-FB)
retinoic acid {Sigma, R2625)
bovinedinsulin (ins) (Sigma,.18518)
25  insulinftransferrin/selenium supplement ((TS) (Sigma, [3146)

Microcaifure

CultiSpher-G microcarriers (Percell Biolytica AB) were hydrated and sterifized according
30 {o marufacturer's recommendations. Biotinylation was performed by addition of 10mg

Biotinamidohexanoyk-B-amino-hexanoic  acid  N-hydroxysuccinimide  ester {Sigmay),

dissolved in 0.4ml N,N-cdimetiyiformamide (Sigma), to dml of Ca® /g™ frea PBS (CMF-

PBS) containing 3x10® microcammiers and incubation overnight at room temperaturs,

followad by 5 washes using an excess of PBS. The biotinylated microcariers were
35 stored in CMF-PBS.



A sample of the rod-shaped particles was removed from the stock and sterilised in 95% ethanol for 1
hr before washing and Tesuspension in stenle PBS. A mixture of the two 10 nanobarcode patrticles
was added to -875-cell units in 2m1 medium in a well of a 26-well cell culture- dish at a ratio -of 1000
particles per cell unit. The tell culture dish was incubated at 37C overnight on an orbital shaker. After
24 hours in culture the labelled cell units were aced on a 70prn filter to remove 15 unbound
rod-shaped particles and washed 5 times with 5m1 PBS. Individual cell units were removed and the-
continued viability of the 03 cells in the presence of the rod-shaped iclesassgssed by neutral
red-vital stain. RRAGESI TS aRIETVATR ABE IR Shoal %ﬁé%gc%ea%%%%{g‘li&;s- migroscope slides and
20 ptad -at-68C9f¥E§?i‘1E@i’g’/ﬁﬁ?ékﬁ”é?%ﬂ?er??@r‘f?ﬁl%’ﬁe%%%ﬁjan/figﬁr." res gaiE)ElrJn)rr]roﬂa|ch;Eros_tainase k in H20 was
prepared and OUSpELEpBkinsdifctt yoir e aergradd MARRAT BRI R dre fomediatelyjplacec. 1 in
a humidified chsigbesuntilohedelatimeiameibiva fertpdigEstestiiasical e B0 Hits) and then removed
to a 68C ingubataito.allow cemptete evaporation of the proteinase -It solution (typically -10 25 A 5p1
drop of glycerol was applied-directly to the dried spot -and a 13mm round.coverslip applied:
Microscopic imggqjgéqja;[ hedeisased 1Qdwhaped-particlesmerecaptured msingbsghtfieldillumination
with a-Nikon TEZ0005 Inyeried epiflusiaseanmicr assane; A0Risstiminaiian, afhe rod-shaped
particles in the sagge wa ac_g/g/%?né%rgg@a eitavisign Rl mictogsepe gasiRRed with a Hg lamp and
a Chrome CFP it soé?'aﬁ’x. 436 ) , EM. 465/30) with a 13(383( e!#;g& nersionRbjective. Further
Aspects 35 Furfer A e HR U BEAImETRS Are presenited in the f%hlkﬁnwing numbered paragraphs.
59 1. A compeReErBRRT S HAC IS LR AT A AR I3EhhaTe of Microbead. 2. The complex
according to paragraph 1, wherein the microcarrier is a Cultispher-G 5 microcanier or a Cytopore 2
microcarrier. 3Afhaquomipexacciringae PAPAGREN 151 PefalraproamerERthe microsphere or
microbead is a fhigreseeninandicricolabrddmicrospraed oy Phfsresednad #4THEEbmMplex according to
any of the precegiogparacsamhsssicsaiarine Knitrquattie Lisdnstieg) atedding to the

manufaciurer's instructions. ‘

Combinatarial Cell Culfure

20 Seeded microcamisrs were fransferred info a 70Bm nylon cell strainer {Falcon} and
washed with T5mi PBS, then transferred info an excess of medium B (Stemiine™
Haematopeistic Expansion Medium {Sigrna}.containig 1.5x10-% MTE). DOn days 1.4,
6, 8 and 10 microcarriers were split equally as required by the experimental plan and
-each sampie incubated i wells of & 100mm; 25 well, square petri dish such that each

25 well was loaded with approx. 5000 beads in 4ml medium B containing'the relevant
chemicals andlor growth factors, and 1%10° streptavidin-coated microsphere tags. This.
-procedure was followed for each.spiit-pool eycle except follewing the spliton D10, when
microcarmiers- were not tagged. Following D¥iG, iHe nficrocamiers were processed
saparately {i.e. not pooled} 5o tagging was rot required.

30 ‘

On day 13 of the experiment, 1mg of ihe macrophage assay reagent DQ-ovalburnin
(Molecular Probes) was made up in 0.4mi PBS and added to each sample at a dilution of
1:100. Following incubation for at least 4h, the medium was aspiraied and replaced with
PRS. The samples were examined on a Nikon TE2Z000-S inverted epifiuorescent
35 nicroscope using a FITC fitier set fo identify microcartiers beaiing large, round celis

intstnally lebelied with green fluorescence.



5. The complex according to paragraph 4, wherein the fluorescent microsphere is a hydrophilic
microsphere. 15 6. The complex according to paragraph 5, wherein the hydrophilic microsphere is a
carboxylate-modified (CML) microsphere. 7. The complex according to paragraph 6, wherein the
complex comprises a Cytopore 2 20 micracanier and a Cit. microsphere-. C. The complex according to
paragraph -7, wherein- the -ratio of CML microgphere:Cytopore 2 microcanier 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 thesnicrobead is streptavidin-coated.
60 11. The complex according to paragraph 10, wherein the complex comprises a Cultispher-G
microcarrier arkstyotystyrene weerpbeided by pbptteine e wiiiehe e ORI G4 of paragraphs 3-11,
wherein the fluesaphateis365ERIT ConBBind 8 sAutneth oditbiesepatatrigSiarea i pigX comprising a
Cultispher-G migtaeassied ansre riomsphamyrgomprisingithestep efcontabtingsaid complex with
proteinase K an;yded'gpg,éggglggg@(g;ording to paragraph 13, wherein the proteinase K is used in an 5
amount of 2U/ml. 15. The method according to paragraph 13 or paragraph 14, wherein the complex is
contacted with Pr%teinase K for about 20 minutes. tO 16. A method for separating a complex
comprising a Cyﬁ.‘%pore 2 and a microhead, comprising the step of contacting said complex with HCI.
17. The method according to paragraph 16, wherein 37%3"'%}6'1%'\@;;&? L{%egv.&g 18. The method
according to pdYagrER 8 S p A aGPap R P R T P R e e hTpIeX & Contactad with Ha for about 90

ex 1S confacte
minutes 199A KeeRTRIYEYeRBIFRFRAYth& s raer P IR BTG EeHERISRs on a cell comprising

the use of:a coiplaw aﬁgm@mgawyn@ﬁ@gmbﬁﬂgﬁ% gghe microsphere diameter
{sized at 1.87um, 441pm, 578um, T7.37um of §77um) and fluorescence
emission/brightrizss (dyed with five intensities of either Starfire Red or UV2). Aliquots of
these 50 sels were frther conjugated with  ietramefhyirhodamine-S-(and-8)-
+5  isothiocyanate (TRITC; Invifrogen) according to the mamufacturer's instructions, io
produce a-mawmum of 100 discrete tags. From these, a set of 28 highly distinclive fags.

were used inthe experiment.(Table 1).

Tag analysis

Tags were analysed by.microscopy using a Nikon TE2000-3 inverted epifiuorescent
microscope equipped-with filter sefs for visualization of the flugrophores. TRITC, DAP
(UV2), GFP-B {all from Nikon} and CyS {Chroma Technology). Images were captured
using ar-Evolution VF cooled-monochrome camera and image analysis was using lmage
25 - Pro Plus {(both from Media Cybermnefics). The -outiines of single microspheres were
captured using brigﬁbﬁeici ilumination and the areas within these caiculated fo size the
tags, The azveas’ fluorescence insrsities in the- UVZ, Cys arnd- TRITC channels were
used fo further specify the identity of each tag by tomparison. © refarence samples
containing known fags (e.g. Fig T4).
30
Results

An experimental matrix of cell culture conditions is devised which we hypothesised
comtained one or more pathways capabie of directing ES cell differentiation fo
35  macrophage (Table 1). The matrix was comprised of six alternative culfure conditions on
the first day (D1) of the experiment, foiowed by six alfernative conditions on D4, a further



20. 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 gronpc 61 cell -units each corrrprising one or
more cells, and 25exposing said groups to desired culture conditions; (b) subdividing one or more
of said groups to creates frnlier set of groups of oak un' (c) exposing said further groups to further
desired culture conditions; 30 (d) optionallyszepeating 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, 61
wherein each cell unit comprises one or more cells adherent to or bounded by a gomplex according to
any of paragraphest b8, sigpmora op S fSPYE ARRREERS St 61 ﬂﬁlfnagf/ﬁiyoof culture conditions
on a cell, 5comprishigtievate e jspratieiy Befirer b iFrsapBPEIrtts®ach comprising one
or more cells, and:exposing: satcigres Pses (esifatkdaltuhe crdtions cBTHodig two-or more of said
groups to form gi-least a8 5e6enH paslimercits) sulidividinguthe/secordiponbit Gfeate a further set of
groups of cell upjts:, naefAlpResHas:saId, uthargrovpsitmeesisedinuditmercgreitions; IS (e).
optionally, repef%gg_g_g g%om () derativelyRsreavied:Ang-ibiassessiagsthacffect on a given cell

unit of the culute conqions (0. Whieh 1 has heaRixpased. RauubszeeachgeliLnit comprises one or
more cells adhérentto or %_ousnraz%%u (;J[og\mcogﬁaljgﬂxn%%%gg?& gb‘%pf paragraphs-1-12. 22_A
method' for exd\ﬁ%‘inﬁmée &l 125 variety of ce culture-con itions, comprising the 25steps of: a)

providing a first set of groups of cell units each comprising one or- more cell, i;md estposing said
groups to-desirBirisaittretedidRioels were sesded on binfinvisted macroporous -gelatine

icrocarier beads in the presence of LIF, whete they formed cell colories that stained

positive for alkafine phosphatase activity (Fig 8}. Foliowing LIF withdrawal, the beads

were systematically passaged through all possible combinations of conditions specified

in the experimental matrix using an iterative split-pool methodology as desoribed in WO
15 04013888,

At the beginning of the experiment approximately- 14 %.10° sesded microcarrier beads
were spiit randomly info six sets, each of which was cultured separately in one of the six
different media specified fm’ M in the madrix. Four days Teter the heads were washed,

20 pooied, and randomly spiit again info six seis sach of which was cdifured imone of the
media specified on D4; and this split-pooi procedure repeated on pa, D8 and D10, Each
time an alauot of beads was cuitured=n a different mediurr, those beads were labslisd
with a unique tag; except on D10, following which the split aliquots were handled
separately and thersfore did not require labelling. Thus, the-movament of ary given bead

25  through the various cuiturs media couid be inferred by analysing the collection of tags
associated with It The labelling sirategy we emgleyed involvad an amay of uniquely
disfinetive, streptavidin-coated- fluorescent” microsphere fags which bound to -the
bictinyiated microcarrier substrate.

30 Af the end of the experiment, I3, the microcariers were exposed to a hyper-
fluoresceinated (self-guenched) ovalbumin antigen. This reagent is lknown to ba
specifically internalised and digested by phagocytic macrophages, thus dispersing the
fluorophors and giving rise to g bright, intraceliular signal (Fig 9 & 10). On screening the
beads we found that approximately 100 (Le. 0.07% of the 1.4 x 10° input beads) bore

35 large, round, internafly flucrescart cells. It was assumed that these beads hat bsen
passaged through condifions that were either permissive or instructive for ES cell



30(b) pooling two or more of said- groups to form at least one second pool; (c) subdividing the
second pool to create a further set of groups of cell units; (d) exposing said further 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. 6 23. A method for detérmining 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 culture conditiops:; ) ling two or more of
said groups toWW@a@t-‘B‘ﬁ@’%%n%f%%oﬁ?wfn?c St |mi)§ﬂ%%?f%l1ea?:s‘%phg§§ngﬁfto create a further set
of groups of celaii ol Seaeis JaTh G AU R NEP T8RS 16 desired. %l‘%%urg conditions; ()
optionally, repgsiing stepsioylel)yiest 4 veR8DRYGTI RS, il “o3(f°588E5SING the-effect on a given
cell unit of the mQteeoniditions tdewhithiaaas58eR 20 exposed, wherein each cell unit-comprises
one or mokgcelisadherent to or bounded by a complex according to any of paragraphs 1-12. 25 24. A
method accordigg.to.any-pRaraaranis:20: &ryuheareiarshe cellsshid sbkiuredidrbeell units, each cell unit
comprising one or more cells, 25 A meihipdissardiagio=paragrapbddayishes the cell units are
single cells. 30 26, mefhod according 19 2ny.Plearagisah s>l buhenesi thesculture conditions are

media to whichi TAE Cell extgosaefd.aZZ.2,_6\+ methed accordingdo paragrapheZfsuyberein the media
contain one or‘ﬁﬁﬁ%’%ﬂ“@%i’ﬁc gé’e_n SyWhJCh %fgj(@c 6} cellular process.
16 beads finally partitiongd into condition 0.5 {(Fg 11a).

Some ofher microcarmiers (e.g. bead AZZ) were labelied with large numbers of tags, of
which the majority fell into the four different species acquired through labeliing, and &
smell minority appeared to. be acguired through adventitious fransier between differant
15  microcamiers (Fig 11b). In most of these iatter cases, there was 2 large excess of ons
class of fag, which aflowed a measure of confidence in deconvoluting fhe cell cufiure
history. In.a few cases (nommally where overall labaling was inefficient, e.g. bead Eﬁ)
there were egual numbers of tags from two different speciss added on the same day,
ghing r$e to an ambigulty (Fig 11c). Both these types of ambigoities were easily
20 resolved on further experimentation to vafidate the reswlts, as desoribed betow,

A baich of pludpotent mES cells seeded on micracariars was divided info a series of
affiquots, each of which was vead o test one putative differentiation pathway as definad
by Combinatorial C&f Cultures Ambiguous pathways {e.g. A22 and-EE) were tested by~

o5  assaying each afternafive in paraliel. Using this method, bead A2Z was defermined to
have passed through conditions 1.2— 4.0— 64— 8.2 10.3. Similarly, the-rouie of
head E6 through the matrix was T.2— 4.2— 63— 84— 105

It is interesting that these pathways which prodused macrophage had certain conditions
a0 In-common. in particular, Featments on D1 and 34 were consistent in alt three, possibly
ravealing a requirement for those condiions in the generation of haematopoietic
orogenitors using this system. When reproduced, these paihways consistently resulied in
10-25% of all microcamiers being decorated with substantiai numbers of macrophages
(Fig 12). Deviations from the optimat pathways were found to be generally detrimental {o
35  macrophage differentiation. Simitarly, when random pathways through the mafrix were



63 28. A method according to any of paragraphs 20-27, wherein the cell culture conditions comprise
culturing at one or more specific temperatures.  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-cotfditions on a cell unit in accordance with any one of
paragraphs 20-29; b) analysing gene expression in said cell units when exposed to said culture
conditions; and c) identifying. genes whi ' ially ressedisindes desiwed culture
conditions. 31. ngﬁ%tﬁagé %%8§?d?ﬁ%p%%g§r§§%%ﬁ§qv%ﬁgg?ré%hegﬁgesired culture conditions influence
a cellular proce§‘ég%efﬁnﬂﬂ?ﬁtet{ﬁ%eqa%r E|raJr%(f’urc§:1|ﬁn'g a nucleic acid- which encodes a gene product_ which
influencPs a cellular process, comprising identifying- a gene in accordance with paragraph 30 or
paragraph 31,. &petig¥eeRicing at least_the coding region of said gene by nucleic- acid synthesis or
biological replication. 25 33. X method for inducing a cellular process, comprising the steps et (a)
identifying one on maregeneswbithigentitior éntiegtybes prenss Beripinaissaictali Sivivith the cellular
process in accoidanae mithsparageaph S:orparagrapie8 Ls@ind 38:¢hrmedatatingthe expression of
said one or morg genesiRthe:rel: 134ecimeinediactesdingdaspar agraphs 33dnherein modulation of
gene expressiondn the cell campiisestransipetiomelsay anesaigeiegegesdntedhe cell, 64 35,A
method acogrding 1o naragraph 33 WG SR ANRdUHANLLISNE RXRISSHIOR, entry

multiple differentiation profocols, and to overcome ihe use of smbryoid bodies and

animal serum, one or both of which are normally required for monocyte-macrophage

davelspment in vilro.
15  Exampie 8

Digestion of Cuftispher-G microcarriers on.glass slides for tag daconvaidtion

Remgents and Eqnipment
20
« Proteinase K (Sigma P4850 1mi)
s Sigmacots {Sigma S1-2)
+ (3lass microscope sfiides
s B88°C even _
25 « Home-mate humidiﬁed box
e Glycarol (or Cififiuor)
» FOTCEpS

» 13mm-diameter glass coversiips
36 Methods

Microcamriers are digested individually fo reveal the complement of tags that are
attached. Digestion is carried out on a glass microscope siide (can digest up 10 6
rmicrocarriers on ong slide)

35



comprises the exogenous administration of a gene product. 35.A method for identifying the state of a
cellular process of a cell, comprising the 5steps 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 to(b) delecting the modulation of- expression of said one or more -genes in .3 cell,
thereby determining the state-of the cellular proé@ss of said cell. 37. A method according to paragraph
36, wherein said one or more genes encode a marker. 38. A method according to paragraph 37,

wherein said markgr %y be d%tescted b%egw assay, %gnéAr;&%thggdeJ ipgucing a cellular
process; comprlsm%} es e Saf (a ;Oi;%et&ﬁm@gé%agj% fte%eq}; or more cultl{{;le conditions on a cell

sali full
unit, in accordanc Zﬁn r‘?ﬂlf’:’alrau b ZXp osin celﬁto culture. (?ndltlons which-induce

the cellolar proces%‘;%\‘i’?ﬂ3 18) TBEAITS °8e§‘°f%§ Get Gﬁf’?’ﬂ? tﬁéﬁgfhﬁ‘ecaﬁy 1g-an- agent which is
capable of inducinfpdhesiitardried BT RHT Thaestess B2 PR tetdtiiidifH%e effect of one or
more agentson a welt it;lisphersteatictewtic aMpd id eiSsaegitp e 2G4d % %hd (b) identifying
those agent(s) whigh induce the eekilay process in therwelb gpis=t@b Afli&emeathed for preparing an
agent which is capable of sneiicinga ceilularpsotess; aeraprisiagstherstepsudites of

the slide with gloved fingers o produce clean strfaces on the slide

10 Ensure that microcamiers to be digested have been carefully washed in dH;0 o
remove any iraces of medium andfor salts, Using a 20y pipstte Hp, carefully remove
individual microcarriers from the dH0 in a minimal volume {1-2p! max) and deposit
on the-glass slide, It is not always hesessary o pipstte the whole 1-2ul volume onto
the siide; just pipette enough io deposit the microcarrier on the slids (ensure the

18 microcarriers are sufficiently spaced fo .affow later additien of a coverslip without
overiap — 5-8 microsarriers per siide is-achievable with care)

Carefully place the siides in a 88°C oven io echieve complete dehydration of the
microcartiers and sticking to the slide (40 mins should-suffica):

20
Make 2 fresh S0im/ solution of proteinase & in dHz0 {(noie that the concentration of
proteinase k stock varles between baiches so the diufion.should be salculated with
each new batch (eg. Stock solution 1230U/mi to 5U/ml = §/1230 = 1/248. ie. 1in 248
dijutionof stock solution in-dH,0)

25
Prepare 2 humidifizd box in which the digestion reacfion will be performed (a 10om X
t8om cel-culltre Pelri-works well with disposable plastic pipeties-cut o size to i
along 2 sides. Place water-welted fissue infetween the pipsttes)

30 Carefully but quickly pipetie 0.5p1 of 5Uiml proteinase solution directly onto the
dried microcarriers {this can be quite fiddly as 0.5ul is a very small volume and will
evaporate quickly outside the humidified box). Once all the microcarriers have had
proteinase k added to ’then'x, piace the slide in the humidified box and cover with a iid.
Laave at room temperature, protecied from fight as much as possible, until the

35 microcariers have dissolved (iypically 30-60mins). It is necessary to remove the
slides from the humidified box to cheek for complete digestion and this needs fo be



(a) determining the effect of one or more agents on a cell unit, in accordance with any 5 one of
paragraphs 20 to 29; (b) identifying those agent(s) which induce the desired cellular process in the
cell units; and 10c) 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 derbfed 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 twa or more diffe. lture conditions 20
wherein each ceII"ﬁi‘ﬁf”%%gﬁf)ﬁ@&‘gyﬁﬁg%?’%obl%PGEeeln'snfg%??%r%}ﬁ?oo%?"b%%%d%%ﬁbgggqgomplex according to.
any of paragraphgvpidegaporafion ﬁﬁé‘ﬁ‘?ﬁ@?%‘cﬁf’aing to paragraph 43, vMereirrthe cells are-cultured in

cell units, 25each cell unit comprising one or more cells. 4,4.A method according to paragraph 42 or
paragraph 43, whereinssheiecelhaititsraisosiTigtchesl omapies FveithsamP SRty stem cells,
comprising growingsaigl stemcalts: adiierectotemodrmitexcseevrting' teargiedPpatagraphs 1-12. 46.A
method accordingip RRLArARRAS Wb aRIySFEsBstelisreaesOjectbdaprat [Mast one change of
culture Conditionsmins to snsure complete drying of the released tags onto the siide).

Carefully add & 6yl drop of glycerol directly to the dried tags, taking care to avoid air
0 hubbles {if air bubbles are present in the drop it is often easy {o remave them by
pricking with a small needie}. Using forceps, carsfully lower a dustfree, 13mm-
diameter coversfip onto the glycarol droplet, taking exireme care to avoid air bubbles
(it is almost impossible to remove air bubbies from under the coverslip once in place).
Allow the coverstip to seftle {the glycerol will spread throughout the entire coverslife
15. Protect shides from light as much as possible but be gareful not to disturb ihe

covarslips too much and spread glycerol over the surface,
Anslyse tags using a microscope:

20 Example 8

Digestion of Cylopore 2 miorocarmis:s

Reaceriis and Equipment

23
« ‘Lab coat, safety-glasses, gioves
= “Hydrochioric-acid, 37%
« Pelridish
« Thin-walled PCR tubes
80 « Sigmacote (Sigrma cat # SL-2)

e Cififfuor mounting medium {Agar scientific)

Mathod



66 47.A method according to paragraph 46, wherein said change of culture conditions comprises a
change of medium. 48.A method for obtaining differentiated cells from stem cells hi vitro comprising
the 5steps of: (a) growing stem cells adherent to the complex according to any of paragraphs 1-12 in a
culture medium; (b) transferring the complex from one culture medium to another, ic(c) optionally
repeating step (by as required; and (d) obtainiag 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 metr{ljod-a%co{rigvgn Jotgarge%[]%%h 49, wherein the
enzyme is profeiivsise 8 epibeAbEBRITERTOTIRE TS BArAgEpn 49, Wheréinthe zhemical is HU. 20 52. A
method accordimpianeniyf @E@ﬁ%@@%@é-ﬁ%ﬁi%@g&}‘{)“ﬂﬂg”aﬁ?fgfréﬁigt‘éag HL are isolated by
digestion of the: eamplakcrwording tohampeciPragrapterts #5895°%3. A method of growing pluripotent
stern cells in vitro comprising the steps oft 25 (a) seeding said cells on the complex according to any of
paragraphs, 1-12;ang(bharepragatingthecetawhieatiactiadsto thetedpripkemealiest 54. A method for
identifying one or mggﬁn@erggg&ggl%g NSiy\adasies antag abtainagl3t«éposn isiccell unit comprising
the steps of: (a) obt%regggp %{g%og%mﬁ%{ﬁem%e%%@gs {b) esawing outlines for the one or more

images' (c) loading the outlines for the one or more images; and 35 (d) reading the area and/or

bnghtness within .%heag'sgk?y grravrp ng%zglflrm%ecgmer inio a pipette tp set to 1l and deppsit into the

10 very bottom of a thin-walled PCR tubs and close the lid.

3. Placa the tube in & Hermal cycier o heater block sef at 65°C for 7 ming {check
tat the carrier hes dissolved by inspection through the wbe wall using a
microscope and increase-time by another 2 mins if necessary. Carrier shouid

18 have dissolved after 7-8 ming).
-4, Treat glass microscops slida with Sigmacote.

5 Traai 2pl pipatte tip with sigmacote, ensuring-that it dries compietely, before
20 carefully removing the FHCL T the PCR lube containing-the tags.

& DBeposit 13 droplet onfo microscope slide. trivert so-drop is hanging drop and
incubate in 680C dry over untii completely dry {15-30 mins). Add drop of Citifluor
and coverslip, Analyse tags using a microscope.

25
Example 10

Labeffing celf units with-rod-shaped tags-

30 3500 CuliispherG micracamiers wers seeded with D3 mouse ES cells in a single cell
suspension at a density of 50 cefls per carrier in 2mi growth medium comprising KO-
DMEM + 15% KO-SR, 100U/m! penicilin, S0pg/m! streptomycin, 2miM GlutaMAX, 1X
NEAA, 1000UAmI LIF, 100uM BME, and the cefi units cultured overnigit at 37°C.

55  Neubral red vital staining was performed on the cell units prior to addition of nanobarceds
particles to confirm viability of cells before particle addition.



67 55. 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) separating the cell unit and the tag; 5(b) obtaining one or more images
of the tag using a microscopic technique; (c) drawing outlines for the one or more images; (d) loading
the outlines for the one or more images onto further corresponding images obtained using a different
microscopic technique; and (e) reading the aré& and/or brightness within the one or more outlines. 10
56. A -method- according to paragraph 55, wherein step (e) comprises counting and/or classifying one
or more different tags in one or more cell units. 57. A-method according-to paragraph-54 or 55.,
wherein the-method comprises counting 15and/or clas_si?/irl]%%ak Ijeast gltiff rent types of tags in one or
more cell unitsS8Be7&ipRethEY-HEes 8t PIPAIPA ST 5H 5 55 Serein the method comprises
counting and /oeclassifyirgrapac st i FdtuS 6 S 56 dHerdit WSS 8FESSs in one or more cell
units. 20 59. A raetheshiscEestinet(<aingtof. pis FapheeBeis, o REFBIPPIRESPEASnd/or density values
are inputteq intg,a speerdshaeti=600 % methoebeiddending to\cany OF Pt sgimpss 84-59, Wherein-the
image is selectgd.fiam.23-ae group consisting of a phase image, a blue image, a green image, a near
red image and a far red image. 61. A computer program product including -a computer- prcgram for
controlling a computer tp.perform a methad.as taimeddn ae)enc.ef aatagrapi54-60. 30 62, An
apparatus for_ |d%r?m°$_/|gg %?‘E B?Ee%%@% arg%g&géggng&%l%é@%gfgrn@x@g@@@t@pparatgs comprising
data processing- FS&& o1p ral [&%0 perform %%a processing o%@ghog§épO@QQMnce with a method as
claimed in Bny BHeSRA& EIARHEEE 496 10 ~or oot Bris i <

cell culture disk at & ratio of 1000 pearficles per celt arit, The cell culfure dish was
incubated at 27°C overright on an orbital shaker.

Aster 24 hours i culture the labslled cell units were placed on a 70um fiter to remave
45 unbound rod-shaped parficles -and washed § times with Sml B8, Individual cell units
were removed and the continued viability of the D3 cells in the presence of the rod-

shaped particles assessed by neutral red vital stain.

Individuat cell units were deposited en Sigmacote-treated glass microscope slides and
o0 placed-at-68°C for 10-15 mins fo ensure com;aieté dehydration. Fresh 5U/mi proiginese
k in H,0 was prepared and 0.5pi deposited directly on fhe dehydrated materal. Slides
were immediately placad in e huroidified chamber until the gelatine material had digested
(typically 30-80 mins) and then removed to a 68°C incubator o aliow complete
evaporation of the proteinase « solution {typically 40 mins).
25
A 54 drop of giycerol was applied-directly fo the dried spot-and a1 3mm round.coverstip
applied. Microscopic images-of the released rod-shaped particies were captured using
brighifield-flumination with & Nikon TE20003 inverted epifiverescent microscopel

30 Discimination of the rod-shaped particles in the sample was achieved using 8
Deltavision RT microscope equipped with a Hg lamp and a Chrama CFP filter set (Ex.
436/10; Em. 465/30) with a 100x oif immersion objective.

Further Aspects
35

Further aspects and embodiments are presented in the following numbersd paragraphs.



68 (a) comparing the upper and lower limits of at least one parameter 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 one parameter of the tag with the lowest limit for the at least one parameter of the tag; and (c)
correlating the measurement of the at least one parameter of the tag with the identity of the tag
associated with the cell unit: TO 64. A method according:to paragraph 63,-wherein if the lower limit is
less than the mean measurement and the meag;measurement is less then than the upper limit then
the upper and lower limits of a further parameter of the tag are compared with the mean measurement
for at least one lurther parameter of thetag. 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 ingitihenthe.suipel Andianeetimiisiatanieast anectesher integer of-The same
parameter of -the tag is measured. 20 66. A method according to paragraph 65, wherein if the lower
limit is less ttTan the mean measurement and the mean:-meas - epn than the upper
limit then the%at TR Z8FBIFE RGFHREY ta?r‘ ?nme‘%fgf‘)'}oj}l’ tﬁ%efgﬁr%éerﬁﬂégéigrﬁ%53207'&%%%%%’?1% according to
any of pafagrapRS6BI66 2\WHEPeiR 4T THEEN 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 kagsdhakprisessdhg-ane-egmorecd aeametérs, 8968 Renmatherbaecdrding to any of
paragraphs 63:66 wherein.f.the.maan. Measdremenitiss thewideast 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. 69 the at least one further.paramet; e upper. and lower
limits of &t IeéstT(jS‘ﬁé"'ci‘Efﬁ'ﬁ’é??ﬁ?édd}:gr%iaméj?st}é%éeﬁ%gr% S{ae?rg?pt‘?few?a%e @%ﬁéré%ﬁ%h 70. A method
according to js¥eiiagi*E68, wherein the method is repeated for one or 5more further integers of the
same parameter of the tag. 71. A method according to paragraph 69, wherein the method is repeated
for all integers, ofthecsame pasameter pi:sbedad. YOerdn Aenditrestardcordinget Paragraph. 68,
wherein if the, lowerslimit-isdgssthan the-rean measurement and the mean- measurement is less then
than the. upper limit for the at least one -further parameter and the mean measurement for the at least

one parameter of the ta%%s greater than the Igwest limit f@é %tylgashtm%nn% g%:p%@gggraof the tag, then the
a

. ; : 0o
result is corrdlatBl AP BB e B hosSees the ona OF More parameters,
carboxylate.modified (CML) microsphere. .

7. The compiex according.to paragraph 8, wherein the complex cemprises a Cytopore 2

20 microcarmier and a CME microsphere:

8 The complex according to  paragraph 7, whaerein the Tatic of CML

microsphere:Cyfopare 2 microcarrier is about 1:1.

25 8. The complex according to'any of paragraphs 1-4, wherein the microbead is a

polystyrene microbead.

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

streptavidin-coated.
30
11. The complex according fo paragraph 10, wherein the complex comprises a

Cuifispher-G microcarrier and a polystyrene miicrobead,

12. The complex according fo any of paragraphs 3-11, wherein the fluorophore is
35 TRITC.



73. A method according to-paragraph 71, wherein if the-lower limit is Ss 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 measurement for the at least one parameter of the. tag is not greater than the-lowest
limit for the one or more paramers of the tag, then 217 the result is correlated with-a-tag that-possess
the parameter. 74. A-method according to-any of-paragraphs 62-72, wherein the parameter(s) of the
tag. are selected from the group consisting of sigg of the tags, the type of fluorophore that they carry;
and the quantity of fluoraphare that they carry, 25 75-. A methodaccording to paragraph 73, wherein
he sizes are-selected from 5 different sizes. 76. A method according to paragraph 73 or paragraph
74, wherein thessizesssiiel 36 setectdd ot growpstgrsiStifpisr-dominrd8Tirmabout 4.41um, about
5.37um, aboutRyrbSiHEARSRRGM Bl B cobtecinineihashaee outlipgtamagykof paragraphs 73-75,
wherein the fluorophore is either UV2 or Starfire Red. 70 78. A method according to any of claims

73-75, wherein the quantity of flugrophore is selegted from 5 different guantities. . ... 79. A method
according to pqaﬁi’ag‘rh}pﬁ}ey%rw errégirﬁgetg(ﬁ'? Tgﬁrfaep?]erq%’qvt%éeﬁ f?y g?v%rg%%{%st% Rl%s %Sf%i‘dn difference In
brightness’ SWR”ﬁﬁéfﬁHﬁnhccording to any of paragraphs 62-79, wherein there are up to 3 different
parameters and 50 different integers or populations. 10 BT. A-method complex according to any of
paragraphs 62 97re/hessin sachiicg tupitpmpipriSes pmeapmtrendetidraiiberewtstoior bounded by a

-complex compyizina AJMEracRENE kK andsbRelyshiere microbead. 82. A method according to

paragraph 80, wherein. the rnicrobead is.streptavidin-coatedi Is- 83. A method according to paragraph
BO or paragraph 81, wherein the complex comprises .a Cultispher-G microcarrier and a polystyrene
microbeadf P%ﬁ K‘f %jnq*‘%"u?"l'épraff)"‘@r%‘1 ,né?{rﬁQ f)n gg UGt (jfﬁﬂnginag g%orﬁegzjtg?%?o'a%%e?gf controlling. -a20
computer_b pEPFERTTZS e BRoEE FhSRPONE St 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 gppasatesebamprdiagcdatagpicessingdodizbperabigviospesdrm data
-processing-operations -in. accordance with a 25 method as claimed in any one of paragraphs 62782.

15  18. The methed according io paragraph 18 or paragraph 17, whersin the complex is
‘contacted with HC for about $0 minuies

19, A method for deierr.nmz’ng the effect of a plurality of culture conditions on & cefl
comprising the use ofa compiex according to any of paragraphs 1-12.

20
20. A method for determining the effect of a plurality of culture conditions on a cell,
camprising the steps of:

(&) providing-a firsi set of groups of cell-units each comprising one o more eells, and
25  exposing said groups o desired culiure condifions; '

(b} subdividing one or more of said groups fo create a furher set of groups of cell units;~

(c) exposing said further groups to further desired sulfure conditions;
30
{d} optionally, repeafing steps (b) — (¢} iterafively as required; and

{8) assessing the effect on a given ceaif unit of the culture conditions to which it has been
exposed,
s
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wherein sach cell unit comprises one or more cells adherent to or bounded by a comnlex
according fo any of paragraphs ~12.

21. A method for determining the effect of 2 plurality of culture conditions on a cell,
5 comprising the steps of:

a) providing a first set of groups of cell unife each comprising one or more cells, and
exposing said groups o desired cuiture condifions;

10 {b) pooling two-or mere ef said groups o form at lezst-one second pool;
{c} subdividing the second pool o create a furiher set of groups of celi units;

{d) exposing said further groups io desired-culture condifions;

15
{e) optionaily, repeating-steps (b} - {d) iteratively as required; and
{f} assessing the =ffect on a given cell urlt of the culiure conditions fo which it has been
exposed,

25

wherein sach cell unif comprises one or more celis adherent to or bounded by a complex

according to any of paracraphs-1-12.

22. A method for exposing a call to.a variety of cell culture-conditinns, comprising the
25  sieps of

a) providing a first set of groups of cell unifs each comprising one or more cells, and
-exposing said groups fo-desired sulture-conditions;

30 (b)pooling two o more of said groups o forom at leest one second poot;
{c} subdividing the sacond pool o create a further set of groups of cell units;
(d) exposing said further groups {o desired culfure conditions; and

35
{e} optionatlly, repeaiing sieps {b) — (d) iferatively as required,



1.244SR2 0.1% (v/iv) DMSO 1.34.4 1A' 2 - 10001.1/mIUF + TG911 + 5 ng/mIBMP2 1
SR 34. : 474
10001lirnlUF 10 ng/m1tFGF 1.5 7.4 ’ >
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wherain each celi unit comprises one or more cells adherent io or bounded by & 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 & first set of groups of cell uniis each comprising one or more cells, and
exposing said groups to desired culiure conditions;
10
{b) pooling two or mare of said groups fo form at jeast.one second pool;
{c} subdividing the second pool fo create a further set of groups of csil units;
15 {d) exposing said further groups fo desired culture conditions;

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

{f) assessing the-effect on & given cell uakk of the cifture conditions fo-which-it has been
20  exposed,

wherein each cell unit-comprises ong or mare-celis.adherent to or hounded by & compiex
according to any of paragraphs 1-12.

o5 24. A method according to any of paragraphs 20-23, wherein the cells are cultured in

cell units, each call unit comprising one or more cells.
95, K method according fo-paragraph 24, wherein the csll units are single cells.

a0 26. A method according fo any of paragraphs 20-25, wherein the cuiture conditions are
mediz o which the cell is exposed.

27. A method according fo paragreph 26, wherein the media contain one or more
spacific agents which influence 2 cellular process.
35



ng;/ 4 woo- U/ml LIF+ 20 ng/m1TPC) 1.6 7.4 UV 2 1000 Wm! LW 4.1 4.4 SR 275 rig/ml TGF(31 -42
8 UV 2 '

63

28. A method according fo any of paragraphs 2027, wherein the cell culture conditions

comprise culturing at one or more speciic tempersiuras.,

29. A method according to any of paragraphs 20-28, wherein the calf culiure conditions
5 comprise culturing on one or more specific substrates.

30. A method for identifying a gene which influsnces a cellular process, comprising
the steps of:

10 a) determining the effect of one or more culire conditions on a cell unit, i accerdance

with any one of paragraphs 20-28;

b) analysing gene expression in said cell units when exposed fo said culiure conditions;
and

15
¢) identifying genes which are differentially expressed under desired culture conditions.

31. A method. according o paragraph 30, whereirr the desirad culluis condifions
influencs a celiular process.

20
32 A method for producing & nucleic acid which encodes a gene produck. which
influences a celiular process, comprising idenfifying- & gene in accordarce withi
paragraph 30 or paragraph 31, and producing. af feast the coding region of said gene by
nuclels acid syrithiesis or biological replication.

25 .
33. A method for inducing a cellular process, comprising the steps oft

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

30
{b) madulating the expression of said one or more genes in the cell,

34. A method according fo paragraph 33, wherein modulation of gene expression
the cell comprises transfestion of said one or more genes into the cell,
28



10 gg/mlins 4.3 9.8 UV 7 2.5ng/mITGFpl + 5 ng/m1BMP2 4.4 4.4 SR 4 40 ng/ml SW 4.5 -7.4 -SR .
20 ng/ml TPO '
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35. A method according fo paragraph 33, wherein modulation of gene expression
comprises the exogencus administration of a gene product.

35, A method for identifying the state of a cellular process of a cell, comprising the
§ stepsof

{2) identifying one or more genes which are diffarentially expressed in association with
the cellular process in accordance with paragraph 30 or paragraph 31; and

+0 (b} delesting the medulation of expression of said one or more genes ina cell, thereby
determining the state-of the cellular provess of said call.

37. A method according o paragraph 36, whersin said one or more genes encode a

marker.
15. .
38. A method according to paragraph 37, whersin said marker may be detscied by
-an mimunoassay.
39. A method for indiming a celinlar process; comprising the sieps of:
20
() determining the effect of one or more culture conditions on a cell unil, h accordance
withary one of paragraphs 20 o 22,
{b}axposing 2 cell to cultore conditinns wiich-induce $he cellslar process; and
25
(c) iselating the desired ceil.
40. A method for identifying-an- agent which is capable of inducing & cellular process,
comprising the steps of:
30

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

one of paragraphs 20 to 28; and

{b) identifying those ageni(s) which induce the cellular process in the cell units,



469:8I1SV1.1099/m1ITS 6.1 4.4 SR - 30 rig/nil IL3 + 20 ng/ml 11.6 6.2 7.4 LNI 4 30 rig/ml IL3 +
20 ng/m1 IL6 + 3 U/ml EPO + 10 ng/mIM-C-SF 6.3 9.8
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41, A msthod for preparing an agent which s capabile of inducing a cellular process,
comprising the steps oft

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

5 cne of paragraphs 20 io 20;

(b} identifying those agent(s} which induce the desired celiular process in the cell units;
and

10 o) synthesising ar isolating the agent(s).

42. A method according fo any of the preceding claims, wherein the callufar process
Is celf profiferation or differentiation,

15 43, A method for culturing siem cells or celis that-have been derived from stemn cells
in vitro comprising the sieps of:
a) inoubating a stem cellculture; and-
b splitfing said culture }rrtc two or more groups of stem cells, and culturing said
group of stenr cells under two or more different sets of culture cenditions
20
wherein sach cell unit comprises one.or more celis-adhearent 1o or bounded by a compiex
according fo any of paragraphs 1-72.

43. A method according {0 peragraph 43, wherelrthe cells are.suliured in cell units,
25  each cell unit pomp;ising one or more cells.

4. A method accerding fo paragraph 42 or pasagraph 43, wherein the cell units are
sirgle cells..

30 45, A method for culiring sfem cells, comprising growing said stem cells adhered o
a complex according to any of paragraphs 1-12.

48, A methed according to paragraph 45, wherein said stem celfls are subjected to at
least one change of culiure conditions.
35



,UV 3 1.0 ggiml rrs + 31.8mI EPO 6.4 7.4 UV 1 13 uginil ITS + 10 ng/m1M-CSF 6:5 4,4 UV 5
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47. A msthod according to paragraph 46, wherein said change of culiure conditions

comprises a change of madium.

48. A methed for obiaining differentiated cells from stem cells in vitro, comprising the
5 slepsoft .

{z) growing stem calis adherent to the complex according to any of paragraphs 1-12in a
culiure medium;
{b) transferring the complex from one culiure madium ta ancther;
10 {c) oplionally repeating step (b} as reguired; and
{d} obtaining the differentiated cells attached fo ihe complex.

49, A method according fo paragraph 48, whersin the differentiated calls are isolated by
enzymatic or chermnicat defachment from the complex.

18
50. A method.according to paragraph 48, wherein the enzyme is profeinzss K.

81, A methed -socording to paragreph 49, whereinthe chemical is HOL

20 52, A method according to any of paragraphs 4870 54, wherein the differantiated calls
arg isolated by digestion of the complex sccording o any of paragraphs 1-12

53. Amethod of groWing pluripotent stem celis inn vitro comprising the steps of:
25  (a)seeding said cells on the complex according io any of paragraphs 1-12; and
(b} propagaiing the cslls while affached o the complex.

54. A method for identifying one o more area and/or density vatues for a tag obtaired
35 from a cell unit comprising the sieps of:

{a) obtaining ona or more images of the tag;
{b) drawing outiines for the one or more images,
{c} loading the outfines for the one or more images; and
35  (d) reading the ares and/or brightness within the one or more outfines.



20 rig/ml TPO + 10 ng/m11A-CSF 6.7 4.4 UV- 3 30 ng/ml IL3 ? 2C) ngiml IL6 + 3 U/ml EPQ 6.8- 78
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55. A method for identifying one or more area andfor density values for a tag obtained
from a cell unit comprising the steps of:

(a) separating the cell unit and the tag;
5  (b) obtaining one or more images of the tag using a microscopic techninue;

(c) drawing outlines for the one or more images:
{d) loading the outlines for the one or more images onte further corresponding images
chbitained using a different microscopic technigue; and
{2) reading the area and/or brighiness within the one or more outlines.

10
56. A method according to paragraph 55, wherein step (e) comprises counting and/or
classifying one or more different tags in one or more cell units.

57. A-method accerding io paragraph 54 or 55, wherain the meathed comprises counting
18 andfor classifying at least different lypes of tags in one or more cell units.

58. A method-according fo-paragraph 54 or 55, whersin the method comprises countirg
and./or classifying up to about 107orup o about 50 different types of fags in ore or more
cell units,

200
58. A method according to any of paragraphis 54°58, wherein the area andfor density
valuas are inputted inio a spreadshest, ‘

80s A method ascording 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 mage.

81. A computer program preduct including - computer. program for confreling a
computer to perform a method as claimed in any one of paragraphs 54-60.

36
62. An apparatus for identiiving one or more area andfor density vaiues for a fag, 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.

35 83. A method for determining the chronology and identity of the cell culture condifions o
which a cell unit has been exposed comprising the steps of:



8,274 SR '5 32 ng/m1183 + 20 ngtml IL6 + 3 U/ml EPO + 18 rig/ml M-CSF 83-9:8UV 1 10 ggirnl
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(a) comparing the upper and lower fimits of at least one parameter of a tag with the mean
measuremant of the at least ona parameter of the tag;

5 {b) comparing the mean measurement for the at least one parameter of the tag with the
jowest limit for the at least one parameter of the {ag; and

(c) correlating the maasurement of the at least one parameter of the tag with the identty
of the tag associated with the ceft unit.

0 .
‘84, Amethod accordingto paragraph 63,whereir{ if the fower imit is less than the mean
measurament and the mean measurement Is less then than the upper limit then the
upper and lower limits of a further paramster of the tag are compared with the mean
measurerment for at least one further parameter of thetag.

65. A method according to paragraph 63,.whereir if the lower fimit is not lesg than the
mean measurement and the mean measurernsnt is mot-less then than the upper limit
then the upper and lower imits of at least one further infeger ofthe same parameter of
{he tag is measured.
20

66. A method according to paragraph 85, wherein if the lower limit is less titan the mean
messurement and the mean- measurament is less then fhan the upper Timit then the at
ieast one further parsmeter for the fag is measured.

25 67. A method according to any of paragraphs 63-66, wherein If the mean megsurement
for the at least one parameter of-the tag Is greater than the Jowest fimit for at least cne
arameter of the-tag, then the resull is correlated with one or more ags thdat possass tHe-
one or more parameiers.

30 68. A method according fo any of paragraphs 63-86, wherein If the mean measurement
for the at least one parameter of the tag is niot greater than the lowest timit for the one or
more parameters of the tag, then the result is correlated with a tag that possess the
parameter.

35  69. A method according to paragraph 53, wherein if the jower limit is not less than the
mean measuremeant and the mean measurement is not less then than the upper it for



SR 3 20 ng/ml TPO + 3 -1.1/rnEEPO 8.6 4.4 SR 5 20 rig/ml TPO +Iong/m| M-CSF 8.7-9.8 UV 3 33
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the et least one further parameter then the upper and lower fimits of at least one Turther
integer of the same paremeter of the fag is measurad.

70. A method according to paragraph 88, wherels the method Is repested for one or
5 more further integers of the same parameter of the fag.

74, A method according to paragraph 69, whersin the method is repeated for all integers
of the sarne parameter of the iag.

10 72, Amethod according to.paragraph 68, wherein ¥ the lowerlimit-is less than the-mean
measwenent and the mean- measurement is less Iren than the upper Timit for the at
least one further parameter and the mean measurement for the af least one parameter of
the tag is greater than the lowest limit for at least one parameter of the tag, then the
result is comelated with one er more tags that possess the one or.more parameters.

73. A method according o paragraph 71, wherein if the. lowsr imit is ess than the mean
measurament and ihe mean measurement is less then than-the upper limit for the -at
' Jeast one further parameter and:the mean measuremertt for the at least one paranteter of
the.tag is niot greater than the-lowest it for the one or more parametars of the tag, then

27 the resuft is corelated with a-tag thet-possess the pararneter,

74, A method acoording io.any of paragraphs 62-72, wherein the parameter(s) df the iag.
are selected from the group consisting of size of the tags, the type of flucrophore that
they carry; and the quaniily of lucrophare that they carry.

25
75 A method according to paragraph 73, wherein the sizes are-selscied from 5 different

sizes.

76. A method according to paragraph 73 or paragraph 74, wherein the sizes are
30 selected from the group consisting of about 1.87um, about 4.41pm, about 5.37um, about
5.78um and about 8.86um.

77. A method according to any of paragraphs T73-78, wherein the ﬁuoraphore is either
UV2 or Starfire Red.
35
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78. A method according to any of claims 73-75, wherain the quantity of flucrophore is
selected from 5 different quaniities. :

72, A method according to paregraph 77, wherein sach differert quandily gives a 5 1o 10-
fold diifference In brighiness.

80, A method according to any of paragraphs 62-78, wherein there are up fo 3 diferent
parameters and 50 different integers or populations.

8. A-method complex according to any of paragraphs 62-79, wherein each cell unif
comprises one or more cells adherent fo or bounded by a -complex comprising &

microcarrierand 2 polystyrene microbead.
g2, A method according to parsgraph 80, wherein the microbead is.steptavidin-coated”

83. A method according fo paragraph B0 o paragraph 81, wherein the complex
comprises a Cultispher-G microcarmier and & poiystyrenes micrebead.

B A-computer program product including &2 computer program for controfing a-
computer.to perform a method as claimed in-any one of paragraphs 62-82.

85, An apparatus for defermining the chronelogy and identity of the cell colture
conditions io which a cell uynit has been exposed, said apparatus comprising data
processing logic operable {o perform data '{)!’DCESSiﬁ‘QwG{Je!’;afiDﬁS 4n. aceordance with a
method as claimed in any one of paragraphs 62-82.

30 nglml IL3
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TABLE 1

Tag %] Fluor | [Flucr | 2TRITE Additions to Basal Medium

1.1 4.4 Uy 4 - 10k RA

1.2 TER 2 . 0.7% fviv) DMSO

1.3 Ak Y 2 - 1000 Wml LIF + TGFR1 + 5 ng/mi BMP2
14 T4 SR & * 000U DIF + 10 pgim! bFGE

1.8 74 uv 4 + 1000 Ui LiF+ 20 ngéml TPO

18 7.4 LV 2 + 1000 U/mi LIF

4.1 4.4 5R 2 *+ 1 2% nghml TGFR

4.2 88 L 2 - 10 pghfml ins

4.3 9B UV z + 2,50g/mk TGFB1 + 5 ngfml 8MP2

4.4 4.4 SR 4 - 40 ng/ml BCF

4.6 r 74 | SR #* = 20 ng/ml TRO.

58 58 T OV 7 K o gl TS

6.1 44 SR 1 - | 30 ngdrmi 33 + 20 nglmil ILB

82 T.A uv 4 - 30 no/mit ILS + 20 hgimd ILB + 3 Ufmi EPO + 10 ng/mi M-CEF
8.3 g.B ey 3 + 10 pgfml IT8 + 3 Wimi EPO

G4 7.4 uv 1 * 10 pghmd ITS + 10 ng/mi-M-CSF

&5 44 uv 5 - | 20ng/mi TPO + 3 Uiml EPT

8.6 T.4 SR 3. + 20 ngfmi TPD + 16 ng/mi W-CBF

S,T 44 1 UvV- 3 - 30 ngfmd H3 + 20 pg/ml 116 + 3 U/ml EPO
6.8 GE | WV 5 - 30 ngimr L3+ 20 hg/ml 16 + 10ng/mi M-CBE
8.1 4.4 SR 3 - 30 ng/fmid 13 + 26 ng/mi LG

B:Z T4 3R 5 - 30 ngimi T3 + 20 ngim! L8 + 3 Wmi EPO + 10 ng/ml M-EBF
83~ 8:8 Uv 1 - 10 pgfmd iTS + 3 Uim-EPO

B4 TE | UV 2 - 10 pgimt [T8 + 10 ngimti M-CSF

85 T4 SR 3 - 20 nghm! TPO + 2Uiml EPD

8.6 4.4 BR g - 20 nig/ml TPO + 10 pgfmt M-CSF

87 | &8 WV 3 - 30 ng/ml 13 + 20 nghmd 108 + 3 Uiml EPC
8.8 st Y 4 + 30 ngim! I3~ 20 ng/rd K8 + 10 ng/m! M-CSF
10,1 30 ngimi IL3 + 20 ngdmil IL8

102 30 ngimi L3 + 20 ng/mi 1L8 + 3 Ufmni EPO + 10 ng/ml M-CSF
10.3 20 ngfmi TPO + 3 Uiml EPO

0.4 20 ng/ml TPO + 10 ng/mi M-CEF

10.8 30 ngfral IL3 + 20 no/mi L6 + 3 Uiml EPO
0.6 30 ngfml ILE + 20 ng/md 1LE + 10 nghnt M-CEF




Leaend to Table 1 List of the conditions comprising the experimental matrix, and the corresponding
tags used to label microcarriers exposed to those conditions. Tag nomenclature denotes the 5 day of
the experiment and the experimental condition (day.condition). Columns 2-5 list the characteristics of
the corresponding tag, Le. size (diameter); fluorophore identity (L)V2 or Starfire Red); fluorophore
intensity (1 lowest - 5 highest) and whether the tag was TRITC modified. For each condition of the
matrix, the final concentrations of the different gyewth factors and/or morphogens present in the basal
medium are indicated in 10the 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_tednvenitenwill be apparent to those skilled in the art without departing from the scope
and spirit of the invention, Although the invention has been described in connection with 5 specific

preferred em*195-9"0‘3%?ésw%%%%'%R%ﬁ&%é%@rm@t@h%w@@n@@z@%&lagamr@w@g@d not be unduly
limited to such specific embodiments, Indeed..v. Q%%;%gﬁ@ﬁg&ﬁk%%%&ﬁ% desetibed modes for
ille

. 0 1 MICTOCRITIE!S € .
carrying out tHETAVRAHEH which are obvious to those skilled in m .|eCSJ| r plolo_%ysgrtrelated fields are
intended t6 besavitfifeassBat SPthESSNBIMAY o 15 5y ?f‘@ﬁﬁgwg’%gﬂr%ngmﬂple& composition
comprising a Micrbedieistzviighs reTeshaiges &hjiRyated BarekargearPanR 5% ag having optically
detectable propediessuiner eisthearigigedntesigdinpries s-cb mistesfabae ket ffsrivghe group
consisting of prateipcelivigss: polysthylenaipolystgrokiglass; eallagetsnirations of the
collagen-glucoge-amingglycan and/ar. aelatinA0g-wherein e ictaraties haviag ihe charged
particulate tag conjugated thereto is configured for adherence by a cell unit in a culture system. 2. The
complex &8mﬁ}6%ﬂ.’i‘8h A8TBrding to claim 1, wherein the microcarrier is a porous microcanier. 3. The
complex composition according to claim 1, wherein the tag is negatively charged. 4. The complex
composition according to claim 1, wherein the charged tag is a sphere. 5. The complex composition
according to claim 4, wherein the sphere is a microsphere.



6, The complex composition according to claim 5, wherein the microsphere is about 9 Ail or less in
diameter. 7. The complex composition according to claim 5, wherein the microsphere is a carboxylate
modified (CML) microsphere, 8. The complex composition according to claim 1, wherein the tag
comprises polystyrene and/or latex. 9. The complex according to claim 1, wherein the complex is
adhered orbound to a cell unit. 10. The complex composition according to claim 9, wherein at least
one antibody is bound to the cell unit 11. A metfypod 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 specific predefined culture conditions; (b)
pooling two ormenslicitsasdrupatipetcoin abrsasPERECENRo AT PiBET IAMRRGARINY the second pool to
create a furthessetef groupseidreikisniandokdipusinthsaidintt oregresigesdavsiep @) to further specific
predefined culjure canditions {§kaptionaliv cenealing steps-t)-{ddtemativelyasseguired; i and (f)
assessing the gffect.on g.dlvenGe ”A"&Hiftu% the differanLspesiiicpredetingscaltrargonditions to which
it has been expos_ég, wherein each cel uni;’c rises ane qr mere.cells adhegantto or bounded by a
complex com 386 R EEEETiRG Y8 4l 1.° i@. gnm%%gd according to claim 11, wherein the cells
are cultured irslselfunits PeaerPed| et ofh e GRERE o PTSATESTR: . f@?aiea’e fethod according to
claim 12, whereitiitheiooe btimitsearsbsihyhsesdits camdna pié frrofivBelige wbidi Al f9E47P 11, wherein the
culture conditipps:ar@dnediaiteushishidhercelbisiciopbsedindfistiie meftdhacsordivfg to claim 14,
wherein the mediaycontain.gne or more specific agents which influence a cellular process. 16. The
method according to claim 11, wherein the cell culture conditions comprise culturing at one or more
specific tegperatures. 75 17. The method according to claim 11, wherein the cell culture conditions
comprise culturing on one or more specific substrates. 18. The method according to claim 11, further
charged particulate tags from the complex composition. 19. The method according to claim 18,
wherein the tags are separated by exposing the complex composition to an acid, a protease or a
cellulase. 20. The method according to claim 19, wherein the tag is subjected to image analysis. 21.
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) splitting said culture into two or more groups of stem
cells, and*€ulturing said two or more groups of stem cells under two or more different sets of specific
predefined culture conditions; wherein the cells are cultured in cell units, each cell unit comprising one
or more cells adhered to or bounded by the complex composition according to claim 1. 22. The
method according to claim 21, wherein the cell units are single cells. 23. The method according to
claim 21, wherein said stem cells are subjected to at least one change of culture conditions.

26



24. The method according to claim 23, wherein said change of culture conditions comprises a change
of medium. 25. A method for obtaining differentiated cells from stem cells in vitro, comprising the
steps of: (a) growing stem cells adherent to the complex composition according to claim 1 in a culture
medium; (b) transferring the complex composition from one culture medium to another; (c) optionally
repeating step (b) as required; and (d) obtaining the differentiated cells attached to the complex
composition.. 26. The method according to claim 28, wherein the differentiated cells are isolated by
enzymatic or chemical detachment from the complex. 27. The method according to claim 25, wherein
the différefitld®ed cells are isolated by digestion of the complex. 76 METHOD ABSTRACT The present
invention ri_g\‘tes |q one aSﬂect to a method for determlnlng the cell culture history of a cell unit labelled

with more S Pe OF LAn R D BT IEH cam?ép?"(‘}?‘ 2 SRS, E?rarﬁ&‘@a‘f)arameters of each
c'éhiegp e

tag that is gaegegquﬁgggg;& ell 4o ggpgrgg@,pﬁﬁ ""““pb m'“ﬁfﬁag'emff”?i’ﬁsa% ”g(%jr@brrelatmg the

1
identity of easb:tagutestharisantity: sfdhaaslh uni @E&ﬂé@ﬁﬁ@%@@@&ﬁ!& ;%ﬁvilg 1 %E%r&é%rqum%to which the
cell unit hasdeencep dseth Neosuitabler igrence by a cell unitin a sulture system.

2. The cormplex composition according to claim 1, wherein the microcarrier is a porous microcarier.
3. The complex compesition according to ciaim 1, whersin the tag is negatively charged.

4. The compiex gohposition according o claim 1, wherain fhe charged tag is a sphere.

lS. Thz_a complex composition éccnrd'mg‘tc claim 4, wherein the sphers Is a micrc_sphere.

8. The.complex composition ascording to claim 5, wherein the mlurosphere is about 9 uM or less in
diameter. :

7. The compiex compuosition according to claim 5, wherein the mtcrosphere isa carbcxylate modified
{CML) microsphere,

8. The complex composition according fo claim 1, whersin the tag somprises polystyrene and/or iatex.
9. The complex according to claim 1, wherain the complex is adhered-or bound 1o a ¢ell unit.
10. The complex compesifion according to claim 9, wherain at least one antibody is bound fo the caH unit.

1. A method for determining the effect of & plurality of culture conditions on a call, somprising the steps
of: (a) providing 2 first set of groups of cell units zach comprising one or more celis, and exposing saig
groups 10 speciiic predefined culture conditions; () pool ing two or more of said groups o form at least
oneg second poo}; (c) subdividing the second pool o create a further set of groups of cell units; (d)
exposing sald further groups in step ¢) to further specific predefined culture conditions; (e} optionalty,
repeating steps (b)-(d) iteratively as required; and {f) assessing the effect on = given ceil unit of the
different specific predefined culture conditions to which it has besn exposed, wherein each cell unit
comprises one or more cells adherent fo or bounded by a complex composition according io claim 1,

12. The method according to claim 11, wherein the cells are cuitured In call units, each cell unit
comprising one or more cells.

13. The method aocording to claim 12, wherein the cell units are single cells,

14, The method according fo claim 11, wherein the culture conditions are mediz i Wh!Ci’i ine cell is
exposed.

18. The method according to claim 14, wherein the media contain cne or more specific agents which
influence a cellular process, :

16. The methad according o claim 11, wherein the cell culture conditions comprise culturing at ons or
more specific temperatures,
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17. The method according to claim 11, wherein the cell culture conditions comprise culturing on cne or
more specific subsirates.

18. The method according to claim 11, further charged particulate tags from the complex composition.

19, The method according to claim 18, wherein the tags are separated by exposing the complex
somposition to an acid, a protease or a celluiass. ‘

2C. The method according to claim 19, wherein the tag is subjected o image anaiysis.

21. A method for culturing stem cells or cells that have been derived from stem cells in viiro comprising
the steps of: a) incubating a stem cell cufture; and b) spiitting sald culture into two or more groups of stem
cells, and culturing said twe or mare groups of stem cells under two or more different sets of specific
predefined culfure conditions; wherain the cells are cultured in cell units, each cell unit comprising one or
more cells adhered o or bounded by the complex composition according to claim 1.

- 22.. The method according to claim 21, wherein the cell units are single celis.

23 The method according to claim 21, wherein said stem celis are subjected to at least one change of
culture conditions, .

24. The method according to claim 23, wherein said change of cuiture conditions comprises a change of
medium, :

25. A method for obtaining differentiated cells from stem calis in vitre, comprising the steps of: (a) growing
stem cells adnerent to the complex composition according to claim 1 in a culture medium; (b) transferring
the complex composition from one culture medium to another: {¢) opticnally repeating step (b) as
required; and (d) obtaining the differentiated cells attached to the complex composition.

26. The method according to claim 25, wherein the differentiated cells are isoiated by enzymatic or
chemical detachment from the complex.

27. The method according to claim 25, wherein the differentiated cells are isolated by digestion of the
somplex,



