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WO 2007/ 023297 PCT/ GB2006/ 003186 1 Method Field of
the Invention 5 The invention broadly relates to cel
culture - such as the culture of primary cells, ceI

|l ines, pluripotent cells, tolipotent cells_and
WM 2%Background to the |nvention 10 Over PF‘éjggﬁ'{(’G’ouslsﬁ

years cell culture has begonme a core technology in
the life sciences. Cell culture is described in
"Basic Cell Culture' Oxford-University Press (2002)
Ed. J.M Davis; and 'Anidgglg Cell Culture' Oxford
Uni versity Press (2000) Ed. John R W Masters; both
of which are incorporated herein in their entirety
Fiol oféifednesmtion Cel | cul ture provides the basis for
studyi ng cel l ul ar processes such as the viability,
phenot ype, genotype, roliferation_ and
iR reBp et P o el Pubieg RIch o e GRS Popimppy cele, o
ik, Qlpigbtent lcelplotmidnes:ls aridndeer cadsli at es and products. It
has al so provided the neans to study the regul ation
of these processes from the genetic |evel -
B * DHeR on or in whol e transgenic animals
- down to the level- of individual protein nolecules.
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engineerin ortant goal culture is
bagis K| M g‘i‘eﬁw" g(%i’?féeﬁlﬁi’ efS ﬂ?)ef "@Eiti’spi'eﬂ"k‘ii"‘t r%em“ﬁie
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ection WWW, at oc. or Eur opean . .
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erog}m%setz&giglﬁlfﬁn% A d@le of méii;gid @smb@,pfeegemt adli doe
it xS G ST AR P S BN spfptd RASL Bbrng
theipsssibiligrof derebe therapeandtigsue-engiaeatipd.pr ogress in the

field, the nethod of determ ning suitable cul ture
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Gd1bﬂf mmwebmsde)wwdea mersesehigtves wif] nosl ¢pli| Vpﬁﬁe and is

c&ﬁﬂ@!iﬁh%&lﬁd@ﬁ%@h@ mo?éntgiitﬁ'e RERARAES aeldiscévetedl D@tk the
stg%ci;&gr?qr%cﬁsm éiiieeil' “2‘{'} 3@99@?{19#/ oP ﬁi%’h egiingesuﬁaqye culi{ure conditions for
new cell types remains totally empirical: growth conditions are almost always discovered
by trial and etror. The choice of starting point will often be based on what was previously
used by others for similar cells, or even what is currently being used in the laboratory for
different cells. Many fimes these will simply be completely inadequate, and a process of
trial and error must begin anew. Even when new culiure conditions are successful, it is
worthwhile remembering that adaptations of previous protocels will have infroduced a
historical bias to the experiment. For instance, much of the early tissue culture
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35 worthwhil e renenbering that adaptations of

previous protocols will have introduced a historical

Was to the experinent. For instance, nuch of the

early tissue culture WO 2007/023297 PCT/ GB2006/ 003186
WO208%0pEPT nent s nade ext ensive use of fi br obfGREE206186

to this date nost standargd cell culture conditions

favour growh of cells derived fromthe nmesoderm

(fi brobl asts, endothelium nyobl asts). The

devel opnent of sel ecls ObnoSPithiaald @l
ex%ﬁ'ﬂe"t%fri%? SFEITVS Ve f\é:'aseg{g‘on t sigadggng]lot i (; . s, @
cutieabriiges T SN B CalR sV {7 SiesBiq  (TeroREd:
endfiNEn, tn'?ﬁBia&@r whe de\@loﬁﬂéﬂmf sete:mﬂqmogremth mgdiarfanspiteekph and e
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e 1 nventi on descr t}ed erégéemg]
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PRSI Gi6Nhis)prdsbats e-seddub technidal Bnitatien, or Iﬂﬁtﬁ@ﬂ?wﬂeﬂ plaspire
iotaglé’ﬁf}’] Ehr Q.. Th | cﬁgltglg gor? %?‘%n%gfda{ra]é%ﬁ%neanbngemem {axpenrne;t
A &t Fff@bl@messewﬁ% WHT 851 S8 0 gpﬂﬂaﬁw s & % Sﬁ}g@ ”99?‘9‘1” &
cdABhfitGfedh dsdla@ftgar cdreberhan pe rsomes tprimarg @naﬁ@rfag rqaﬁa@,a arly from
hania%? :,E]n?c{n it B0 %Cdnﬁ] qo )Abt&h 'Iméshﬁat Lbéﬁav@%oﬁb%sltdﬂﬁf W thid hdped of
the invendign @éhereﬁ%{g a rf%xc@%ﬁ;t@ér?ryﬂ%ﬁa&yglﬁé? %brtgg Uiaﬁ!g letﬁltek Qi

a PbhgedUteapdry from humans and it is also difficult-to
obtain lines that behave consistently. A third aspect

of the invention is therefore a 0 v\}’ﬁwﬁ 15890
It prithan pytuess lresmeiBa Y i vArOTPAS) AR T
aREG ARGRA the hdjeRpaitelofritt, hpweverthg seviving pels agy lgnger-ived

ﬁEF‘ tb%clﬂﬁlged d{heﬁr’u{efyo M‘o&rof*ﬁ‘x@séé%ﬁﬂgﬁéjcewmwﬁé aithée® Wvariably:

Sodis oy i DT e, b g Fdabh 8 s
pwr«#pgesp@taﬂog% Pf erlkes drs Py B ?ﬂ"ﬁaé 8?‘“1
fids M@k fa@itHat Gk probess dbat talivedthe relisfto hectomeymmortal 2iso has an
lr?Mptr%\S(/:tt onO{h%tcnargger&Q&t SNHOUS. C8dr lexdnhphe Sncdf Sstaiisiedteell cultures
have stopped expressmg tissue-specific genes and instead only -express housekeeping
genes required for continuous growth in cell culture - as a result most such cell lines are
more like each other than fike the tissue from which they were originally sourced. For
instance, most liver cell lines have stopped expressing the drug-metabolizing enzymes
that would normally make them interesting tools for testing drug toxicity. A further aspect



poor representations of the cell as it is found in

i ntact animal tissues. One _reason for this 30 lies in-
the fact that the process fhat allows the cells to
beconme i Mmortal also has an inpact on the

characteristics of the cell. For exanpl nost
eSthabbéngitvettsmibdd haseih SErBshotE FeiughLIFHRP *@%6@%%(& more

% mﬁ&%cbffﬂs&&g engs A hgh Wit eagro@niny -relikplligsand predictive
ouse

nenz nng red for- continuous growh in
(E'%WEFOE‘L?f’ %ﬁe ° ¥ESHTP nost such cell lines are

more |ike each other than like the tissue from which
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ecglﬂg‘ @&f &P Wdﬁﬁéﬁ!@?ﬂ%@éj dé&%ﬁﬂ%ﬁmprb\“m Msteds for determining

tec ni_ques or cul turin
s pr a1 A s TR ol Ber Bt 8 apsoioed tho
Legflcatt ummwmcfh can ek herded q@nm@s&ss celURickPod S¥REFIBRA;, cnabling
Hr LA Rl pHaﬁwgtaPéaho%rﬁ@t ivity, and phenotypic
-expression are presented in our "co-pending ,
international application WO 20 04/031 36 9. Wen
- rad glebdng inbatigessakentoerevidsf furtier mupvements whigl pyerfaesn sqms,of
%ﬁqlm% Ogs&ltherc?g&r Eﬁkre history (for exanple, the

T e exact nature of-a series of
cul ture condltlons that any one-group-or unit may

, Ig;ay,g,aa]kl)een exposed to) can becone conf used. . :
, 031369 describes inproved. nmethods for :

determnin t he identi an,d[ [ i.St A
d¢ adigt IaSR?ﬁ‘lgF*Ere ‘F'erd’f‘f‘gd 8ot et °P%ﬁ‘ %m%‘es "%{“g‘”g Te pler
wswraot focedntrolingig spmighiiec ke Mﬁmbé meghed If@’dieteﬁﬁW@ﬁlt*@rﬁq">¢“1ture

ininelot Db GGY 1BXRET Wi Riofa tRRABId B clrrisY afP| feps of:
the splitting and pool i Og of said units. The present

) epgiiomons eekare Paappigwi ofieach tactthRd s LPPRIP @ A PE Ui ch
@) RIBIB/IR 36Ty Biihe delfénit 4 t ations of the prior art.
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I'ncluding a conputer
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met hod for determnln thec ur.e
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been expased

In a further embodiment, there is disclosed -a computer program product incfuding a computér

program for confrolling a computer to perform the methed described herein.



culture conditions to which.the cell unit has been
exposed. In one enbodinment, there is disclosed a
nmet hod for determning the cell culture history of a
cell unit labetled with jjore. than one tag (eg. type
of tag} conprising the steps of. (a) measuring one
or nore paraneters of each tag that is used to | abel
In atflwgheg einbodimient; thets)is disciesad Bh pPpajatue e AeteElningthe Rl culture history
celd . it . ) .ol At el denl.t :
of £ 2ol it lipn @ 6 oy BREGE B Ui o P okt bpcessing
opesgiias it pesoance with theypethedslsarbrbhREE?-0 whi ch the cel |
unit has been exposed. In a further enbodi nent, there
nd fﬁrtﬁjér%ﬁ‘lbeéiﬁt@n@th%@]? Hit 86 QBN PBX REASESg d AlodshiBi%ard a charged
- conmputer programfor controlling a conputer to
- (egpenttgenehargsdhies-hod descri bed herein. 3a In a further
enbodi ment, there is disclosed an apparatus for
determining the cell culture history of a cell unit
conprising data processing |ogic operable to perform
data processing operations in accordance with the
nmet hod descri bed herein. In a further enbodi nent,
there is disclosed a conplex conprising a
m crocarrier and a charged (eg. negatively charged)
tag. 4 In a further enbodinent, there is disclosed a
conpl ex conprising a mcrocarrier and a rod- shaped
tag. The qualities of the tags that are descri bed
herei n can advant ageously be utilised in conjunction
with the inprovenents that are disclosed herein. Such
i mprovenents conprise for exanple the inproved
| abel i ng of specific types of tag and specific types
of cell unit, the inproved separation of tags from
cell units and the inproved analysis of tags. In a
further enbodi nent, there is disclosed a nethod for
separating a conplex conprising a mcrocanmer and a
tag, conprising the step of contacting said conpl ex
Wth a protease, wherein said mcrocarrier
conprises, consists or consists essentially of
protein. In a further enbodinent, there is disclosed
a method for separating a conplex conprising a
m crocarrier and atag, conprising the step of
contacting said conplex with acid. Advantageously,
t hese net hods can be used to separate a cell unit and
atag in. such a way-that tha tag can be anal ysed
usi ng the nethods descri bed herein. Mreover, these
net hods do not result in tags that are spoiled
by-such treatnment Still further, these



met hods address the probl em of the tags being
obtai ned in a manner which seriously '
conplicates-their analysis - such as thetagsbecorning
di spersed over a large surface. area and/or floating
on a denser aqueous solution. In a further
enbodi nent, there is disélosed a nmethod for
determining the effect of a plurality of culture
conditions on a cell conprising the use of the
conpl ex described herein. In a further enbodi nent,
In a?{}g‘%pemﬁ)dﬁl‘l‘éﬁ l4Qs ek dsclBENL dorh@IEx EtRARiEIRY B infkgodanger and a rod-
of a plurallty of culture conditions on a
shapeglthg. conprising the steps of., (a) providing a first
' set of groups of cell units each conpri sing one or
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groups to desired culture conditions; (b) pooling

two or nore of said groups to format | east one
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t he comp ﬁ descri b 2 Fgﬁ}ln In a further
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said further groups fo desired culture conditions; (&) optionally, repeating steps (b) — (d)
fteratively as required; and ({f) assessing the effect on a given cell unit of the culture

conditions to which it has been exposed,



conditions to which it-has been exposed,-wherehteach
cell unit conprises one or nore cells adherent to or
bounded- by the conpl ex descri bed herein. In a further

~ enbodi nent, there is disclosed a nethod for
|dent|fy|ng a gene which influences a cellular-
process, conprising the-$&teps of. a) determning the
effect of one or nore culture conditions on a cel
unit, in accordance with the nmethods descri bed

‘whereifi @ath cdll) urtinadmpsises (png en endex gelssastheant i @diognded| hy the

cm*QP $@ £yposed to said culture conditions; and c)

antr ylng genes whi ch are dlfferentlally expressed

Li nder desired-culture-conditions. In a
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°fb§§’§°§e&’i%§§”% %%%?’E}be ceHqu ar process in accordance
w th the nmethod described herein; and (b) nodul ating

In & flogharepbedisieotnthefe is disclosede methm)ioedeggn*@gng the efict ol plurahty of
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su b%v@wg ltﬁt se%onf%M oo di Shtes LLtgérasret & é?&ﬁ§ %f L (AR %)@%B&;ﬁl

escri herein; ém% e&% ?%
said fugherara fo desirest culiurp FRSEIPRR %PPEO&F%Y BReatsp ste
iterSIREI9 s irBquited elnl, () thes ety thdetflectnima giyet bell witaif dheofulttiee

o cellular 0
coritde AL 1o BPa SRR ool BBt e or move
cell agherantiloar bpyndedBthe eFtRlskidersiged 19N st eps of (a)
_determning the effect of one-or nore culture

In £iAAREr eh®bdimen, fiefedl Histitded a rmethodibrioeuidyge: w‘rtehmktictl‘enﬂuences a
net hods descri bed herein; (b) _exposi

ol mosess. ComMABOSI OE ) BT NG B 1 ara TS
con@iibhs(dh)a EsHahtih Bgotdascedami tienstbeds destrived héreint i) @nalysing
geqed%ﬁ%?elssn!gnnﬁlﬁ satad eccral? um% v\%ﬂ %%83&9 13 s%EIt Hﬂ)cgrefc%hditlons and c)

g ah agen I's ca .of 1 nducing a
idextiifinordenes Wrdows §fﬁ5féﬂiﬁiﬁ’iqxt§ieﬁ$dt*!‘?€er§?%ﬁ§ SB‘f“re qoggitions.
determ ning the effect of one or nore agents on a
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determ ning the effect of one or
In a further embodiment, there is disclosed a method for inducing a cellular process, comprising

the steps of: (a) identifying one or more genes which are differentially expressed in



nore agents on a cell unit, in accordance with the
~nmet hods described herein; (b) identifying those
agent (s) which induce the desired cellular process in
the cell units; and <c¢) synthesising or isolating the
agent(s) In a further enbodinent, there is disclosed
a nethod for culturing st®mcells or cells that have
been derived-fromstemcells in vitro conprising the
steps of _ a) incubating a stemcell culture; and-b)
assnpkdiant wilighs adlidlat plopess ik a¢afdenaawgitdpe methed grestiprg grein;
. an§€b§ﬁ8dxﬁﬁhé i st lof dHid @ or S deids@iipe 6di. stem cel |'s
under two or nnre different sets of culture
condi ti ons, %} t he-cel |l s ar cul t%ﬂﬁ ?
In %er“t‘%’ e”l—?ﬁé’ﬁ‘eete hle" RS TRy OB'H%“W" ¥ é‘ai?éﬁ P§e"“'ar
pro%gég%“ aQef Qom&{sanQh@QQQs &Y(a} B&Mﬂ@n@br ﬁ‘ﬁﬁécd’ehmlch are

sclo e
R e b oS PR P Beler rloggtst Efbenet G s
metheil destilat feein; snd (i deteding hetrvsiulsinmpif exprefsion of gridtione OV
mo&eﬁeﬁéﬂn a fell, B ]Y]Eéiém g RO R bPROLaIulbARERsd & said cell,

di'sclosed a od for obtaining differentiated cells
fromstem ceIIs in vitro, conprising.the stegs of ,

In g fytheyepihonirest Bres Pegosedifeneiiied PbingYENGR SR Higxprocess, comprising
thedSSE bi: Pa?ga@l%ﬁrﬁﬁd"thé Bfféi:t &%EJ&?’ rﬁorgﬁﬁhukérﬂemﬁim}:s on a ce!! unit, in -
: transferr % $ %ﬁ%ﬁ? X @}one cul t re m.to
- ACCRHEPGERD %‘?:% ptS g ?fglﬁe PRESEG 25 Bf tgge conditions
whicke foticedick celutegt p{capssobida(crisaiaiing the desiied fadir ent i at ed cel | s
attached to the conplex. In a further ‘enbodi nent,

In 4 8h& e"rfblogil'n%% Ql%feqs @is%&&%@n&f‘uocﬂfoﬁ%ﬂ@yir@ A éd&ﬂfﬁfﬂéh is capable
stemcellTsS 1n"vitro conprising the steps of:. (a)
of isdeil] agelddr groceds| sommisingrEhectapp b fe) detsonintkitie héackofepe -

o a&g Bl orpk BAGAH BEkok bR o Mok BLABENRIki G by

furth reis dlsclosed
o st AT LN P CE PR PRET P G 1 ¢ 1 o
conprising grow ng sai.d cells adhered to the conpl ex
In diagbéridaaddifenethard i dBcIdetd'}ﬁéthadew driermi‘h‘g antelyentevhich is capable of
di scl osed a nethod for jdentify % g obt ai ned or
induFio g FHEROLPD FPEPERe) e FiFRS 086%0 feg H'a {RETSE BpYedy .
mofeaggesispar atdehgntthia aebidancei withailvel reeifeods afgscripy) herein; (b)
lde&mn@ tﬂésggi &ﬁ%} Qﬁmﬂ@ﬁtﬁ;&'tﬁ%ﬁeﬁelﬂlﬁ%mfeﬂ ﬂ‘i‘ﬁ'lle'&ﬁll #hits; and
C

m croscopi u anal ysi ng t he-i mages
©) sypineristng orispiating dlee "i‘ﬂ% ﬁ'ﬁr e features of the tag In a

further enbodi ment, there is disclosed the use of the
fn ao’mlimlr enbasent) hee iheisaosed faonethalisfoesuttunivigrsgent bedis of talle that have

a plurallty of culture conditions-orra cell. In

| bee\“LﬁE’f'Y?é frogtieaicRtER vie PRSI B Eessbda enRtig 3 s ol
culti@garsits [Balﬂhnfg agid-cutate ntaivoar-nareopwbups of slem |callsedndsculturing
saiﬂ;i%ﬁ;f)&as@rﬂx 8%1!'5 uh % Jdy HE :tngr% ﬁFQHP d'ﬂﬁl%lturé E’&'ﬂﬁoﬁsswhere}

osed a s ape - such as a
thegalis G gudured in ce]l unlts each cell unit comprzsmg one or more-cells adhered fo

or bounded by the complex described herein.

In a further embodinﬁent, there is disclosed a method for culturing stem ceils, cbmprising

growing said stem cells adhered to the complex described herein.



for determning the effect of-a plurality of culture
conditions on a cell. In a further enbodi nent, there
is disclosed a nethod, a conplex, a conmputer program
an apparatus or a use substantially as descri bed
herein with reference to_the acconpanying figures.
Enbodi nents I n sone enbddi ments, the nmethod is an
aut omat ed net hod. in sone enbodlnents the cell unit

In aﬁsﬁq%gﬁpﬁﬁ gﬁ%& ?sdcgéc? r?@% %ﬁh%%%r C?b%lﬁil}g\mf%%'ﬁlg{eg %él?s%?om stem

celB1i€ VB8 afoﬁibﬁngltﬁe BeBOsFOWS gvirgy @b bells ndiosred & tHeetomplem
desr%:gtl;re% l%eehein N IR mgtlﬁlgP p@)g %H?sf&gx‘?gr REALLES b el &flred

group consi topore m crocarrjer
mofieg. 0 AT ROIESTEITCFIOR S P) B BB 1o

diffSFeAi=RQaEsI@ched @ the@ahblegpher ni crocaner, a
Cultlspher G nlcrocarrler a Cul tispher-G

m crocarrijer and spher r :
n Qs PRt s BT Rer TR ShER AP S ter it n viro
corfprisial BRSt 6 @F 8&aking Eaid &H[i oh ihd enpRetestsbdddcrein; and (b)
4 298 dlnents the solid

WWWQ#‘ éﬁ?@%wmbggméﬁecte n1the group consi sting of
a Cytodex m crocani er (eg a Cytodex 1, Cytodex 2 or

In Opttioal excbo@mentcthereas disdospd a niitiosi fbrmm!turiﬂgcaeuﬁdawﬂrio@r in viro,

- Bi ogl ass. m ¢ arrier rrier or a

corpyeeils 3 nipd S8R o o gt dbaBbEhaER ' € 0
paraneter(s) are the size of the tags and/or t he

In ORthed a}nbocm{aemrtﬁ@erst disGoset atdsmnc:da‘gsdenﬁrymmg obtained or obtainable

nts tlc m

Fof oo Bl PP REREP 4t HEor” O FampaRy Saryl e e 1
obttihieg fdnaoxemmn@eemf§§¢ 670 Welv® [FemigionteRc @ﬁ@*quaeand ©
 andysHEHESRERE B defiFhiRS bR orinr@RSiutes of BOthN some

enbodi ments, one or nore inmage(s) of each tag in the
"~ cell unit inthe field of . inter i S asure
In afriher embBertimeRtribare ipfieciosed fisruse Oﬁ’gﬁéf’@b’i% eS@%\%ﬁ‘F 5 " foR
detbdifnitgthe afektidf & phiiity Becuftinglctnditfons tba dalil er est i s
measured using mcroscopy. In some embodinents, the
m croscopy nmethod is selgcted fro- th%

In sy emporlneT: IeTFffedigRea f use of & 1od

1abaGhiSS&RRY. -phase contrast-m croscopy, oblique
i1l um nat i on= m croscopy, -dark field mcroscopy,

In a?fllé%gez %&BW%BHF%%&{ g sggs%g ’LhCeOLl;lster a roalgh% gds t%8 pgm:h asa naEnowire

co tag - such as a nanowire to

for determining the effect of-a plurality of culture conditions on a cell.

In a further embodiment, there is disclosed a method, a complex, a computer program, an
apparatus oF a use substantially as described herein with reference to the accompanying

figures.
Embodiments
In some embodiments, the mathod is an automated method.

in some embodimens, the cell unit is bound or adhered o a microcarrier.
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30 m croscopy, varel contrast mcroscopy, polarizing
m croscopy, interference mcroscopy and fluorescence
m croscopy. |In some enbodi nents, outlines are drawn
for the one or nore inmage(s) of each tag in the cel

w2297t he field of interest. 35 WO 2007/ 828/8%2006/003186
PCTI GB2006/ 003186 9 In me enbodi nents, one or nore
fluorescence i mage(s) of each tag in the cell unit in
the field of interest is nmeasured. In sone
enbodi nents, outlines for the one or nore i mge(s)
are | oaded onto the one or 5 nore fluorescence

in sSomage(bedimenis, tsomisroearies @i anrantus or HFRIA BICRRFFE"
fluorescence i mage(s) of each tag in the cell unit in
the field of interest.is a f et

I HRRHBG S HETE TSSTg T S o Fagee parefine o

Cyspore meeThadianérs. , Cyienoly t B¥FICATIRROCR FYIopRP ¢ migrocarrier), a

Culﬁtgpﬁ'@; ltnfc}cﬁgmtg?/j ar(ﬁitﬁigﬁH’éthrm&o@ﬁ%r,Cﬂ Ctﬂﬁ)_ﬁer—manilcanwﬁ@rasd of
-the tag within Qne. or. Ol tyls: ;

CuBHBE HERPETH 8" JRBT ™ o kS her! ficfer. -

Siran @ictdearrien @l @ MigreporogpMOEaeocaT®hsi ty of the tag. 15
In sonme enbodi nents, the one or nore= paraneters of
the t are ipputied. in 3dshRstrous AHEESH

In oML PRS el s F%esoheﬂbc'}ogg rﬁ%r?seseﬁés%fegel ectggm%j v g&] S?Lée > 8

Cypdeupicosardersed.rayCyedey 1. EEGG’@P‘@&’ SpREPed P‘f?&l“‘-*"é‘i% pglozilon

mih&rier A ESHass mgSEmeed FACT fiBhicbestid bumDE s2/8Boérochrier.
sonme enbodi nents, where two or nore fuorophores are

used, the fluorophores do not quench each thgr. %5l
In [spme embodmbsi the PREMeter(s) P bR size of 46 BeT 8y 'BwCR1

prgéﬁaiggoﬁhéig{,g;erent sizes - such as 4, 5, 6 or 7
ifferent sizes. In sone enbodi nents, the sizes are

sel ected fromthe group consisting of about 1-. 9§rn )
In sttt B APUS Rper AT ATE St PO 56 SovP ARSI
lighk rABCENAS, ROH tthe) Aihstend® ehivsion waveTigts) e the, flupfescence

fl uor_qéls re is selected fromthe group consisting of
eniRren fire Red and TRITC.

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

interest is measured.

in some embodiments, one ormore image(s) of each tag in the cell unit in the field of

interest is measured using microscopy.

in some embodiments, the microscopy method is selected-fro The group consisting” of
bright field microscopy, phase-contrast-microscopy; obligue illumination-microscopy, dark
field microscopy, differential interference confrast microscopy, reflection confrast
microscopy, varel confrast micreseopy, polarizing microscopy, interference micrescopy

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.
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In some enbodi nents, the quantity of fluorophore is

selected from5 different quantities. 35 WO

2007/ 023297 PCT/ GB2006/ 003186 10 In sone

enbodi nents, these quantities are indicated by ranges
w@eygroBiges of fluorescence intensity). |KCI&HE006/003186

enbodi nents, each dlfferegt guantity gives about a 5

to 10-fold difference in -5 bri ghtness. In sone

enbodi nents, there are at least 2 different

paranmeters. |In sone enbodi nent 1GRARS
In e PRI FREEG RS Mo Tos Binge eh ol aatty B e ppiaA
thafielt o Sdaresit Bmeaasured.por ous- i crocarrier. In Ssone

enbodi ments, the microcarrier has a net charge. 15 In

In g%ﬁ%%&g%ﬁpg %cg gE)IQ r%g LA I a%%%s? Qrg%ddé@ Bnto the one or

PORRL AP 'y ™0 protein,
mare filordsosee ingroe{Edt hy| ene, pol ystyrol, gl ass, col | agen,
col | agen- gyl cose- am nogl ycan and/ or gel ati n. In

nbod h
In ég@%ﬁ%ﬂﬁ?%‘wg'}’ééﬁéﬁg ﬁlé e%cen%é fn?ag‘égfgfga%cl? taa% ﬁ"t@ ceAMR in

a ne
thefidihafimerest i, masisured iy eaamém%rom@gaémtwsewr’ﬂ%’ the ?95 I'n
sonme enbodi nment s, the charged tag is a sphere. In

some enmbodi ment er I, H€onel &
In S e BN RThe 7 éﬁ tag Weh?ngc ros ;chZc?ngﬁeIW;b? ABout G Mor e
pdrapecters-of-tal tagrwithin the c@er mgie g -enbodi rrent s, the

mcr osphere is a carboxylate nodified (CM)

. !n?glﬁé grg er 5 hﬂ%so‘?lg rf@rremg'g‘ggrglln to?ﬁae?eﬁea g a%%@ﬁﬁlbr&ﬁ)ﬁcgﬂ

s essent Iy of “pol ystyrene
&MHWS®WBEwnbod|nents, the conplex (eg. the

mcrocarrier) is adhered or bound to a cell unit. WO

200710 97 | GB2006 3
GREGTRRATEreatrs kot g And ety T By Py e @
spregdbheghi t .

in some embodiments, the fluorophore is selected from the group consisting of a

fiuorophere that-emits a blue, green, near red-or far red flucrescence.

In some embodiments, where fwo of more flucrophores are used, the fluorophores do

not quench each other.

In some embodiments, the sizes are selected from at least 3 different si;es —such as 4,

5, 6 or 7 different sizes.

In some embodiments, the sizes are selected from tire group consisting of about 1.9um,
about 4.4um, about 5.4um, about 5.8um, about 7.4pm, about 9.7uum and about 9.8

in some embodiments, the flucrophore is selected from the group consisting of UVZ2,
Starfire Red and TRITC.

In some embodiments, the quantity of fluorophore is selected from 5 different quantities.
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I n-sonme enbodi nents, the rod-shaped tagis a nanow re.
5 In sone enbodi nents, the nanowire i s an al um ni um
nanowi re. In sone enbodi nents, the nanowire i s coated
with silver and/or gold. 10 In sonme enbodi nents, the
wonowste-1s about 1M or | ess in di anet er =. PCrGBI®ABO3186
enbodi nents, the nanow re, ‘%S about 10 pMor less in
l ength. I n sone enbodi men the microcarrier is a
porous mcrocarrier. 15 in-sone enbodi nents, the

porous mcrocarrier is char %gﬁ%eytral nm c ocarr{ e
e QU%{'P oo Aty &t PREEy s "HER S
fldotestdree Enbityuni t . 20 I n sone enbodi nents, the

m crocarrier -conprises, consists or consi sts

'”ﬁ%g}%g%é\ti?"sil l gts’l ?CE%%E'%E“] %ﬁﬁ@ QW?%E‘@E?% er. ?Oi%ﬁ'ffére%e i

brggiiyesh. nent s, the microcarrier is selected fromthe
group consisting of a Cultispher-G mcrocarrier, a

Cul ti spher-G. m crocarrjer._an Cultlspher S
Infomp SERPFPRYS. hepe aé%wgeaéjfr%%'ﬁ?r REE™PRe prot ease- is
sel ected fromthe group consisting of-proteinase K,

Int Q6P iePhbodii S MedeSdrd ataiidt S afifasfthtegd. | N sonme
enbodl ments, the proteinase Kis used in an anmount of

about O. 5U/m or Iess_ In sone errbod_l ments, the
Incomg lesbodingert® eautredr g st Rerays Eligeg@ekK f or at | east
20-60 mnutes. 35 WO 2007/ 023297 PCT/ GB2006/ 003186

12 In odi.nents..the IeX|s contacted with
{WWEF?F%?‘%%%@S “é{cma”ifﬁgas?"e B’%) 5 pJ or less. In

some enbodi ments, the mcrocarrier conprises,
Irpgﬂﬂ%’ é’hﬁ)d%enéofﬂ@rﬁlbﬁcéﬁﬁ eRinbdeb,ycoBists or Stﬁ'lsisw @séhtiallynof

t he mcrocarr| r
pis el o&gﬁ'ﬁ’ﬁ%r po y?’ﬁ'y'%'}?rre PO %’t sbg"?ﬁeeqr/n&% g%é Crer
anipogly@y aofiergelatin. m crocarrier. 10

in some-embodiments, the tag has a charge.

in some embodiments, the tag has a net charge.

In some embodiments, the tag has a negafive charge.

In some embodiments, the charged tag is a sphere.

in same embodiments, thie sphere is-a microsphere.

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

In some embodiments, the microsphere is a carboxylate modified (CML) microsphere.

[n some embodiments, the tag comprises, consists or consists essentially of polystyrene.

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

unit.
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In sonme enbodi nents, the tag is.a sphere. In sone
enbodi nents, the acid is selected fromthe group
consi sting of hydrochloric acid, sulphuric acid and
sodi um hypochl orde. 15 In sone enbodi nents, the acid

wo S003adPedrydrochloric acid (-12M. |In some PCT/GB2006/003186
enbodi nents, the acid is concentrated sul phuric acid.
20 I'n sonme enbodi nments, t'he conpl ex i s contacted-
with acid in -a volunme of about 5 pl or Iless. In
some enbodi nents, the conplex is heated-in-the
presence of the acid. 25 In sone enbodi nents, the

in S SnbRbmnctid] dt Wasdné Bntibedylis bount & theesdnitel | uni t
conprising one or nore cells. In sone enbodi nents,
the cell-units are single cells, 30 In sone

In-omisotibedimests: e pdelaret 9 LM Gns are nedia to
which the cell is exposed. In sone enbodi nents, the
nmedi a ooty ewigent s whi ch

n P Rl g i 830 BuTRER| SpeRoc
enbodi nents, the cell culture conditions conprise

In S&Hhd sMboAGneats, 18 Aar@viree ceatedsypiticiilfdr end/engplér at ures. WO
2007/ 023297 PCT/ GB2006/ 003186 13 In sone
enbodi nents, the cell_ culture conditions conprise

In gerhe embosignants. A aaRawirgsRRout WM Of IS g E'BE fates. 5 In
some enbodi nents, the desired culture conditions
i nfluenc c Iular r odi nent s,
ﬁﬂ%?‘g{’]‘?%e"& E‘ﬁ rgwériléragélgﬁgw |ol;]]e§ @%g gﬁo conpri ses
transfection of said one or nore genes into the

InS6the emBirhdhisS BEBni@SI2AEY iR pbeus mbdishreer on of gene
expression conprises the exogenous administration of
a gene product In sone enbodi nents, said one or nore

Ingeme smbortipeits, feparokemicrogaTiens 3 BHiABeRBEIMFRTETS sai d
mar ker nmay be detected by an imunoassay In sone

nbodi
| Ingpxag Fl%‘l%?%&h Qeas‘t: g]}efaHL [sFofrto 'tré oglf"urllt

eren lation. |In sone
enbodi nents, the cell units are single -cells. 20

In some embodiments, the microcarrier comprises, consists or consists essentially of
gelatin.

In some embodiments, the microcarrier is a Cultispher microcarrier.

In some embaodiments, the microcarrier is selected from the group consisting of a
Cultispher-G microcarrier, a Cultispher-GL microcarier and Cultispher-S microcarrier.

in some embodiments, the protease is sefected from the group consisting of profeinase

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

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

minutes.
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In sonme enbodi nents, said stemcells are subjected to
at | east one change of culture conditions. In sone
enbodi ments, said change of culture -conditions
-conprises a change of 25 nedium in sone
wEhbpaswent s, the dierentiated cells are- | BO/aBd6/H#186
enzymatic or chem cal defachnent from the-conpl ex.
30 In some enbodinents, the differentiated cells are
i sol ated by digestion of the conple)t Description of
the Figures Figure 1 shows a sanple of col o(gred fD!El)lélﬁ
In siner epifeditenis; iBasemeiRde PorfACiHA (VRN RELRASE Y @ X8 715
5 Bhagk, Red and Blue tags in two different sizes
5.4pm and 7.6m). WO 2007/ 023297 PCTI GB2006/ 003186
14 Figure 2 shows Cultispher-G microcarriers trapﬁ)ed
In @d@ efiBgimdritd, thes mibrcamier aymehines. ¢apsists OfsoesistmeRsaRialy of
ceﬁoggobeads (size range 4.4pm - 9.8pn), which pass
rough. Figure 3 shows the digestion of Cultispher-G
mcrocarriers wwth 2Um proteinase kK 5 (figures
In Sdh@éritbeimeaiphainioraeenis 2Eyloppes MIETOEETI#H nut e peri od,
as indicated). Figure 4 shows the digestion of
Cytopore 2 mcrocarriers w.th 379 {-12M
In ggeRMdimeRi§yine AEFrCTE gﬁ%{ﬁ%ﬁ@ﬁ%@%”f a 1 hr 30m
period, as indicated) 10 Figure- 5 shows an | nagepro
Inl@%éﬂﬁhﬁ‘r%hﬁ. b 2GdRLheOr M croscope anal ysis to
Identitfy one or nore area and/or optical density
val ues for a mcrobead. |Inmages are taken usi ng )
In\s&ihé embodinpus,Uhe scid firiseacied dios: thegpoup|qopsisting gt fydrochloric
A3andeemmitel Rl TC filter: Ex 540/ 25nm
acﬁ&%%g%dnﬁwsﬂ arflﬁge Red: Ex 620/ 60nm Em 700/ 75nm
15 Figure 6 shows a Tag ID Flowchart in which the
Instthe erolmeBimis| thagel e % hydrochlafic peidfdAM)- si zes, each
with 4 levels of fluorophore A fluorophore B.
FI uorophore A is W2 and .E re Ris-TRITC. F1
In Sofg m%%weﬁgﬁg\g ‘ioﬁ}ceﬁtéaé%dusté'&ﬁ{ér%?ﬂ@br tag - using
UV2- channel; F2 - nean optical density neasurenent
f | i 6s Rathcedarn akid =8 volureafimbout 5 pl or
mosg%'ﬁtgg‘??d@%‘ﬁ%iﬂt%t@&ﬁn%asur ement for tag using TRITC
leggannel ; fl- - lower limt for 20- fluorescence of
tag 1; f2 - upper Iimt for fluorescence of tag 1; f3
Y 3 is hdarkdlibtiel preegeeemeaciof  al |
Intsgégmpoﬁrnéﬁ%r&@%? for fl ugge%scence of tag 2; f5
- upper limt Tor -luorescenceof--tag 2 eta-Area -

- Indofid efibadimesaeng pellatare-culiuserkin cglf enitsy §agh celf tmit_cor@pf@m one

othdSces. 82 - upper area limt for tag of size 1; a3 -
l'ower area linmt for tag of size 2; a4 -

in some embodiments, the cell-units are singie cells.
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.

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

specific temperatures.
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upper-area limt for tag of size -2 etc; Y= yes; N =
no. 25 In further detail, box (a) shows that the
lower limt for a first parameter is less than the
mean neasurenent for a- first paraneter and the upper

wo 100%d23800r a first paraneter is - greater thenGBLlME03186
mean nmeasurenent -for a fjrst paraneter, box (b)
shows that the lower- limt for a second paraneter is
| ess than the nean nmeasurenent for a second paraneter
30 and the upper-limt for a second paraneter is
greater than the nean neasurenent for a second

In QAjAERSRIenBONe el editure Egndifions, cofikise UBYTING (Ff) One(A)MAERd
é% q% show that the nmean neasurenent for a third

Sm% ﬁﬁ%? 7 is greater than the lower linit for the
third paranmeter, box (e) shows that if the result

In dofrREMBENméNR), tHeesitgatiwecdntibons irfieenge p spliuler BREss-and
mean neasurenents for a further integer of a

parameter are measured. In particylar (& :
In shrevesnbotieents. Heedulglipnt of gpReepresTion P 8je 5, W%rﬁﬁéégse‘%“g'?"“é’“
of R e Bbreigbnds@@tsthieltain t he mean neasurenent of the
paranmeter and that the upper area limt for the
integer of the WO 2007/023297 PCT/ GB2 0
In pame resbedimerts.g reddiaiont ¢ 98P nBPIFEER r?%"ggr'%%se%ﬁ'eﬁg Q%er 'Jr%ﬁe
adifisRameh fa gehBip®duc. repeated for further integers of
a paraneter in boxes (h), (j), (n), (p), (s) and (u).
Figure 7 shows_an alternative flowchart in which one
In spmerambedimapiE.Faidong PT BB FPFEEIC 2 BP0PE exani ned
serially, such that the final 'No' decisions from
Fiqure 6 Wl L Bliedidgah enbliRSssal.nt eger s
I 55 & q}oglr \éh%’rsagig?%ﬂaé%%??é E%tuordgghore Ais Starfire
Red and Flurorophore Bis TRITC. For exanmple, FI and
In Eand@ybodmeris At osidiasmoieas isyel mefifdrton gt difereptiatonn g
"No' decisions fromFigure 6 will go on to
interrogate the Starfire Red values for the relevant
In spraerpkpgiments. the RRILINISRIRSTYS “HEasur ement for UV2
channel ; F2 - nean 10 density measurenent for
Starfires 5&% : - suBRABd BefiSdabiyoridshatyeciieaiture
Ing (ee?§%¥v C %%gg ; ??gg? Igﬁgr [imt for
cofiiigfeescence of tag 9; f19 - upper limt for
fluorescence of tag 9; f3 - lower threshold for TRITC
fluorescence; of al Ly : culilre cWilions Bemtises B5cliéingrioe
IHBQEﬁ%§s a ﬁ%%?é%@rgﬁgégiftiSpher-G gel ati ne
medigh.ocarriers (Percell Biolytica AB) seeded with
nouse -ES cells- and stained with a kit show ng
al kal i phosphatd A6 kMisaYe isBlald@ My @mzhatic or chemical
JWﬁ?ﬁ% S yiﬁgfgﬁfgmggihoms aSanplgkof t he 140, 000
detpebmgpidiom ter @MNScessed by Conbi natorial Cel |

In some embodiments, the differentiated cells are isolated by digestion of the complex.

Descrinfion of the Figures

Figure 1 shows a sample of coloured Duke microbeads viewed under light microscopy
with Black, Red and Blue tags in two different sizes {5.4pm and 7.6um).



10

15

20

25

30

35

20 culture through-the matrix shown in Table-1 and
i ncubated-on Dt3 with the macrophage assay reagent
DQ oval bum n (Mol ecul ar Probes). Top | eft panel shows
a phase contrast image of the mcrocarriers. The top
wd J08d23dorage shows the sanme field using a FPTCGBRIVG/BI3186
set, whereby macrophages are easily distinguishable
as large, round cells inﬁérnally | abell ed with green
fluorescence. The bottom |l eft imge shows the sane
field-using a 25 FITC filter set, revEF\Iinﬁ(ﬂ}g hes fo
Figu 2 | shawieEllisales-Gaaisansares drappadont 1 £O4R B SiMe; vEple
rermidvb GHbdRNd, thidrsbeads (6i2s rahbegaien 9 9lsum), fvbich pasdittirushent
field. Figure 11 represents graphs show ng the nunber
and identity of all tags found on

] fhe .3 . .
Figvire Boghioa éhehdigastiony O P elispRgly® imugrecagiers i %ffmw*ea"ﬁae &
(fig5fes SHVRhD 8krSe MRfds@eroivérta timinas peof.sk ndicalsy). and )
denote the conditions which were |ater determned to

result in reproducible macrophage differ iatio
Figtirg r ehang the digesiiopapfpPuorare £ Eﬁ'c %Tg?r‘f"g'r E%}éal_r?(lﬁ n@mz"")
(ﬁdsgs&ﬁo@ eR&he AlcrommasrapEagtr Strapered. as3siogieth

oval bum n (Ml ecul ar Probes). WO 2007/ 023297
PCT/ GB2006/ 003186 16 Fi gur e 13 .is

. a _graphi N
Figurp 5 ebe 2t MagrreT Tagrfalye) ﬁO&F%‘JWéP‘%“‘%S&%”a?V%{S to identity
on OPRb&Sr@nadiof sptital dBsitgailen foratigeliead. (EISHEF ddken Nging
e morQs - o % 840 BRinMERR 435 B05RnamEITC Sitst 7R
Vafjols exXpasur B&ﬁht\%'%t%@vg di ét i n%ts%&]ﬁm{ ntensities
s4pR5hicEm B HET SiReir e £ FEDO0E) =8 ernatively
UW2. 5 Figure 14 is a calibration sanple of Starfire
Fi F\:Jerg 6d %%d 11595 RRVcBart A8 Yik@sheadCEREare @f L aliffetnt
W5e anasflugrescence |nteg§|tﬁ1at acglven exRogys Gnd
sizpe aa0h ¢ith A levelsiof Jrororbigre; A E JUParPoERip (B RS USed 1 o
Fi6teiophdTE REs TRITAMER fer sedrdeptivtleténtily mapaireyerdt & tagresing UV2
cl assifi ' : - i k@l F3 -
ol 19 B afiRiHRSHt foPta SR SHaFel Faidsohari@h
Chﬁ%ezﬁ_fg Rﬂ%géh{gj&% glal | gr contr OlTﬁ%%ﬁ%méﬁ £1" Ol S ARER:
iy eRtispledensity copasyeRRY TR B PRBAL '~ 8BTAT ned Usi n
fidoldstéicaat hen; 1at- upB@imitdmdluares@rcatjtect:ify eloweeihesiqld ke
iQescH {0898 HA8PRAkt foRFB8cohesofAgy A8l Qpper A
T%&%F%rﬁ?cé&' (%%tf ?Ilc, g%gfrra e of a | abell 9?) wiel. H-Piit for tag of
Tosfugrereencaict 9 Aett-ATR +A VPRI STan"Co reveal
sitd ¥i22G up@r bea dimd i3 legwif Bige AsTocloweradea igtt-faragegize 2 ad —
articles: - (i ndicated v { 4. REEWS)  obtai ned using
u@?r%ﬁ%héiﬁﬁ%éﬁﬁ$uninatio% and a 20X obj ecti ve.
In further detail, box (a) shows that the lower limit for a first parameter is less than the
mean measurement for a first parameter and the upper limit for a first parameter is-
greater than the mean measurement for a first parameter; box (b) shews that the jower-
limit for a second parameter is less than the mean measurement for a second parameter
and the upperfimit for a second parameter is greater than the mean measurement fora
second parameter; boxes (¢), (1 (i), (), {0). (@}, (®) and (v) each ‘show that the mean
measurement for a third parameter is greater than the lower fimit for the third parameter;
box () shows that if the resuit from box (b) is negative then the upper, lower and mean
measurements for a further integer of a parameter are measured. In particular, box (&)
shows that the lower area limit for an integer of a parameter is less than the mean

measurement of the parameter and that the upper area limit for the integer of the



10

15

20

25

30

35

Figure 17 is an image- of rod-shaped particles
liberated followi ng proteirrase K digestion 20 of a
| abel l ed cell unit, obtained. using. bright field-
iltum nation-and. a 20X objective. Figure 18 is-an
wd 3»how ng discrimnation of two PCT/GB2006/003186
erent-particles liberated follow ng- proteinaseK
dlgestlon of a labelled d81 unit, obtained using a
CFP filter set (Ex. 436110; Em 465/ 30) vvith a- 11DOx
oi | inmmersion objective. The particle on
parkmBIB0I Yreated thag thetiren mepsuranest ¢ ihe PRERMSLY ht ”i?f‘fkﬁ’ﬁ!g"
furtElidbd o Bafdnair intitxaf(h) () WBNE) 2w ( U)Defl n| tions 30
Culture Cond|t| ons As used herein, the term’ culture
conditions” refers to the environment whi ct} n?eter
Figuree7 phavscan dliemafivegiowchartip vbigh 082 PHMEE iP5 %""r‘}%
aregéﬁmrtéd%%nassjl énfcﬂrtﬁmtthaaﬁnao MNod Hiessting foel Figure Thwid, i{; MHeto
termrefer : agtgvﬁé I dridd
’“t%rﬁ’ﬁ?ffattﬁ“l?ﬁ c{r A f{]%%r g tgﬂa?n%iéﬂ%%g&r?gfrtglﬁ\o !Ss a they
FiurdréqehoretB lsrTRfE(-}c E\fFTfGé@ﬂ'P‘Q é 2% Fﬁm& f Y] 4, 6

thenbl ‘RE’ %&.g.aﬂig fafm Aifurs elwlisgo dvin eteprpate ﬂl&lséﬂrﬁry Re@l Maluasder

veseerelaitos os=R AT SN Yoo pereted (T
demlt'tmaaeurmdmtafotaﬁtﬂfﬁmﬁ%cwe‘r I"d'é‘?%'edc f‘ﬂ& WeRe o

TRAE! /cRbnndt, fff83r apkéralmiofor dicesdchs. of Ggl 9 f&gcempper dimpit for
ﬂué%%é{;eﬁ atﬁ;g Po: E? [ %  thleSholfibl PRSI AorkdtenceBrbik 8841; Y = yes;

it o an organism 5 that is capable of
Ndmdependent functi onl ng, or a si ngI e-cel |l ed organi sm
consi sting of one nore nuclei, cytoplasm and

Flé/lg'rﬁi g i Oraganc?rloglvo% (‘F{Jlt’Sp?é}ré LIRS dmgﬁécﬁe%ﬁ (PeRRE BRAKICL

rane or ce

AB)reekaadywith reouse M??%St%?eda‘y@fﬁégWQﬁ IliaFne ql:nosphatase

a&%@f@ﬁn&keﬂdﬂgluﬁ@ltdncﬁay be a eukaryotic cell. Mammalian
s are preferred, especially human cells. Cells

F:%.ﬁp\gg qta som l@g %{th%”ggggohgﬂgﬂéag% %i?%@’etd%e r&:%h'lb%at%gal Cell
UGS itirBshhRRORErk bitsn iTablenaeighdubstedon BEY widhe MAcTARRES
det liaelal%eé\FBb—OOWalF!?‘Hﬂ gha%cﬁlal; %b&?tﬁﬁ foit puRdl @hdwa el phate @intrast

entce

rIS r
image otihe msresArPi SiF BRI Fpe Shaedth Rt e et Al
sdll M&ét@ﬁhh@&;ﬁﬂg&mam\Hakllyoilsmongﬁha@e @k daroe. d‘ound cells infernally

taﬁ%ﬂe{i G rtﬁ il r gregc%l]ées ghé’\gdﬂ‘éhl IB@Y&'}JQE nsval (1€ Sarhie field using a

term pg hdl fl‘fm%ﬁ% at ed.
FITBite s feweal@w\f%@éeeq tpsAspeBte e 85 have
been created 15- artificially by exp05| ng stemcells

el i rolib e 895 it oot e cel

ere I"at

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

reproducible macrophage differentiation.

Figure 12 is an example of a microcarrier bearing large number of macrophage stained

with DQ-ovalbumin (Molecular Probes).
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Cel l ul ar process A cellular process is any
characteristic, function, process, event, cause or
effect, intracellular or extracellular, which-occurs
or is observed or-which can be 20 attributed to- a

WO SRtasadExanpl es of cellular processes incl wde/Gabut/003186
are not, limted- to; V|ab|I|ty senescence, death,
pl uri pot ency, nnrphology, signal li ng, binding,
recognition,- nolecule production or destruction
(degradation), nmutation, protein foldj

Figuren fi% s @i grarihishl, represesirlipragfthm 50 @%&E"é?‘g?é? g“gg EQHpigngd from

Baﬁé’sal.%ﬁﬂa&ﬁéso(hshargslm U’rr@rmtt:rqusmo mtereosigpsintestweenf LAToM and

i | i\
9. 7%&'?1‘9@? éﬁ([:e, gxfep dﬂthafgrﬁ éjﬁ;ﬁ%sgab?e mte?l 1@45' &f nthe ﬁuo\%p%br@, MStarfi

Re@¥psiesaively,UMar t he control of these processes
Cell-unit A group- of cells, V\,hi ch may be a group of

one. Pools of cell n| \
Figye| 14 Ha Aotalratign; u%?%!ra "Vé’oF“Ef?%‘é%eE?g‘?c-yﬁsn"{“g, he
acERlihg wrthd size sivkimeisvarss inkwelty qfr@aawq"rﬁép%sélﬁ seffipp A similar
callﬁ)?%l@( %%mﬁf@ FasC Q5N Bbterfiflel parafiélere a@bnateal by iomaid)her the
ni

is exposed to the same culture

C‘f’éﬁﬁﬁﬁmﬂ%ﬁ’g?b‘#ﬁp I dBSdi nents, a cell unit may

corrprise a mcrocarrier or bead to which is adhered a
Fl%fr?l‘! !al wnE@ltlﬂnQd%% enfodAhdpet Ipﬁﬁtlemlseddﬂ the expedment,

vvlththe otent.i al [ t Q1 HDY Right
obfaj5e usig “%’@WQ"‘F"CH 4]‘}0 Hﬁgceﬁﬁ Jf;b ung |L%ﬁt eggor ganlysr%
imadIp0@ENwhete 3 = r/’@hnd@HAl!}ray be derived, by 35 sone
neans, froma totipotent cell. WO 2007/ 023297

PCT/ GBZOO6/ 003156, .1 I
Figure éa &qnl Imﬁ?ﬁ %fﬁ\ !ﬁl%ﬁ}ecﬁ ui; IstB e.oe\%:h éu@gll%éd ARt &ﬁﬁ toCrSwliéal

erenlatelnto nor e F}h e)
vt cellctnd adhbying etssogigies sod-shaged parsles HEgieriqd W éa""{"g?
obtéi using'bri Sifl ileriition and=ef0Rrobjetiveany tag that is
to identify a cell unit and/or determ ne a
culture condition, or a sequence of cult

Figaredi7tis mrisiage of rafrBliped pariclesdiberaigs fqllowag, prBE’E'ﬁsee§ fasty

of datRNot AR Lnit SRaR3a ust Sright fidid ifttiraigation ead @2GX dhjectivey t ag
that is added to a cell unit as a neans of

specifically labelling that cell un h'[u?s 1 followi
Fiba 18iid-ant inage-showing diseriningtienehtupdigeren; pel@Fl?S Rrefed Slawing
l%ﬁ:age% cﬁg”ég%dhaif hQdbefdd G2ll Gbi, bbtaieed wstrych clrzjﬁiteggi/@z;%ﬁfw
ence. o ture co loffthel 1881590001 and
q‘i bg"ﬂb%e‘%&fﬁt '*S&Herosse%b]g%ﬁlgfr Qgtpgr,h&tgﬁg tag- exi sts T

ﬂmmmdbemtheflgl’rta ‘@ﬂ@@ but distinct variants which are

easi |y distinguishable, as described in further

detail -herein. T typically forns part of a
%ﬂﬁ;@‘i@ﬁm&%@%ﬁer - such as a Cultispher-G
m crocaner or a Cytopore 2 mcrocarrier. For sone

peRheskdents, the tag is a sphere or a bead - such as
—a mcrosphere or a mcrobead. for some enbodi ments

the tag is a rod-shaped particle .
Culture Conditions As used herein, the ferm «~ulture conditions” refers to the

enviranment which cells are placed in or are exposed fo in order to promote growth or
differentiation of said cells. Thus, the term refers fo the medium, femperafure,
atmospheric conditions, substrate, stitring conditions and the like which may affect the

growth and/ or differentiation of cells. More particularly, the term refers to specific agents
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t5 such as a nanowire. -As referred to herein, the
term"tag" is synonynous with the term "l abel™

. Exposure to culture conditions A cell is exposed to
culture conditions when it is placed in contact with

wok00Bekab  or. grown under conditions whi chpaf/ieeie/oisess
or nore 20 cellular procgss(es). such as-the growth,
-differentiation, or netabolic state ol the cell
Thus, if-the .culture conditions conprise cul turing

t he ceII |narred|um the cell t
whShGEG FF ISP od P LT Ti50F 9 Wich, PEE udrle P growth
anfRY@faentaidnettals.Li kewi se, if the conditions are

tenperature conditions, the cells are cultured at the

d dt t
CalioherlyFou{pER e B IRIER oF HUSTOIERt FRaTEl e oPon RS
thithecapgiiio biisisbendentdatoning, oi wg@—cgﬂeﬁﬂwwsﬂp%ﬁ's‘mu o pne
or?r%'@huée? %e/%ﬁlbém ;H?ll:l t/SicRb offah&les, t!ﬁ%@mrrcSlillﬁ@ad e Kgipannekble

mep@ra@ﬁlor geéltvgdl.of'l‘ hec aslﬁltrﬁqy bep oslfe? 0%(1: 8ukal;y%}&é Wﬁ:l‘%@@actegal

Foi Wxekinpledthel dell rbdyebe ianeukaryotupedl; Matmgfiany ﬁﬁﬁlﬁcﬂﬁ? )pr%?rred

esBQcpaﬂPr ﬁlﬁ%ﬂ%&lé’ Sp6 hmdly %Hﬁau@éleornﬁhbdrﬁdﬂe@&i ‘aesby genetic
ool s

ent 0S
maRAdEN \%8""98%9“1?0&%’ "Bytocd T 46 |%€p}f)£¥? exas’:?mce.“-IS

-deﬁflécﬁn nerietlbelow cand isf f iotipptant, PlFiOieE or retgﬂlqomn%oe capable of

gl\ﬁ ttb RRR: thdd SHel cﬁf@l:e?af:étéﬁe‘c@&ﬂ'de Gre@\tdiis miag be aiffbrentiated in

er at | on
t%bﬁq&vg nﬁsﬁ °t qng%{?cé‘l 8‘% (snfhlc Q%%ggslsye (qﬁlﬁ;%lté?\t tnpmay be
tedmnﬁeﬂ[e ﬂﬁaﬂentwtedo rCeills ﬂlﬁerémtfafeérf@ witro @est qelly Whjehshayp begs created

aer* ?)tstﬂtﬁﬁ Y 4§, orfeher tridiéBagets Ofveich pooneses axell
Vi abI e cell nunmbers. In sonme WO 2007/ 023297
ReTE#M006/ 003186 19 enbodi ments, proliferation is

not acconpani ed by appreci abl e changes i n phenotype
c&fulargﬁ-ﬂ@és)ép% oé@hlfarf Bo&E i@ i Bhdesdidristl], fifnetfoan pioagssoavent
eve

e nbe
GRS pF e gaé:elmi e@ﬁgt?%gllﬂa wll1 clté/oe&? 010 g o@seﬁ)ﬁ{! Ifngo(gt%e?{ﬁa 8r
attribtifep dt- en@ellcékdmnimyofdﬂreﬂhﬂl@fr ErﬁPQS&ESe'HPWe@ é{t Aok fimited: to;.
th?Ig)}' se@sgérﬁg ﬁd%ﬂfbluﬁ";ﬁ:témy rﬁxﬁprawg@rqafxmrmﬁ btm;im? rer:‘,gognmonA
! on
HCIETE e b O
raretptiors ichiplpsis, shnaptip rensoisgioe. \@plcqiar tfﬁg@ggfteorg@]efle ftvﬁt@n cell

C)tcfeo MdatofSs HSikptBRMBRLBH, Ffcledtafed paalolype,y geptype. ggena
neur on

hoc ut does not preclude
e%ﬂf%?ﬁ@&ﬂf%&ﬁ%‘ﬁ'?l%f W]Sgrsgby one mature cell type
10 may convert to anot her mature cell type-e.g. a
cBR YRR nAth,ug of yg]ph,@ﬁ@htrﬁay e & hesp el bt | Ruplssdf atleunfth éiay be

Sl SLERA! AP SLALE vahof Sllankly [ ABoLANS! kool

ong a particula n way
tremsélvese agh that the cell unit behaves as a colony of cells and each ce n the cell

unit is exposed to the same culture conditions. For some embodiments, a cell unit may

comprise a microcarrier or bead to which is adhered a group of cells.

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

some means, from a tofipotent cell.
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15 State of a cellular process The state of a
cellular process refers to whether a cellular
process is occurring or not and in conplex cellular
processes can denote a particular step or stage in

wo Radosak| ul ar process. For exanple, a cel | rtaGB2006/003186
differentiation pathway in a cell may be inactive or
may have been induced and® may conprise a- nunber of
di screte steps or components such as signalling

events -characterised by the presence. of
Pluchatont Pepirppis! s Iy ey R M ap 2 B onRbut
notA48MEpéss @ nucl ei c aci d which encodes a gene
product, bait a pol ypeptide or an RNA gene product.

As used herein, a gene inc]udes | .east .t '
Tl on Gepsh oo S o 0B SOTH BB BT (o0 gt 4o
ideRIBY 12081 dint, aridne | detbemion @ euttunepsosditiery o 2t srapence i Shiwe

25, necessary f . t Lt 11RRn&AsH 8pedt, it ttagdn
o oBE TR 'l s e 80SRELRY | inand apect 1 aiatias
refrs tq gyitegihplis added ¢ a el ‘é’ﬁé‘ﬁ&é‘g"aﬁ/ -Sé’e‘é'e“ﬁ@' N %e
uni€ ARUEEETkNG the dAIRETon-oFa well/e1it, antilethe dptgiminalign of a culture

enconpasses NOMNOl ¥ RERT H6hdmey) 8o WhlcACHE ol usiLItds Been
cmFﬂ882%cPélcS§€$§§, mﬁ@%h ar e_encoded b -
expised.ePeitahiyi e gredt & DRRYr &F @?@ﬁ%&drg "’ﬁ%’ﬁl Y%@afgg%‘:“ 2
caSily MsBRRIsHAk, a8 desobaign funtherptaithereina he ot ey fqms Pty
of %%@iﬂg@%‘dé %&Eécﬁrﬁeﬁy ClcBias aasiitdpsy -l iMedtgridrar a Cytopore 2

: eover, nucleic. acids I d
ibpcpieel CigF caPe FORRTSRET i BB SRy Do et e &l o
mibBEhbeal befcrbiieablattrennalembedipentaihg dad it a gtghgped partice —

cordi ng. L 0., RSreliN@WRerintalhie spiohymads wilbthe term
s BB A B e e e
“abipr essi on Genes which are expressed at different
| evels in response to cell culture conditions can be
i dentifi NRNEXRIGFH ShosHiabysitde contlitnaghenit &
plaged inpanfast Wit # PP M XFRELEFUISPIay a great et or
cIRSSRboegs[as) sutty agthengRNAh. offfageniiatiopr efometebaie, siajeeot g pell

e dr?trh? EiEird &%ip&e!%génmser&ﬁamnﬁg B8l Hadesdied, trercetiisiplesed

cohditions, relative, to_qveral. S$iL ;
il o st Bt S5 )" BUBIE AR HLE Ehillee, 1 e
cR@iibr dhytempyramEogiicng tine eelnars cultprrd of W fesied teTpgigture-

herein to signify conventional transfection, for

exanpl e using cal ci um phosphat &, . Hin s bikfle
Penlingr Theopaolingefese Pb?’“rlergé?@g é’f‘?eﬁl nua't%ﬁ{'ﬂh%lg?%a%:%ﬁlnfnt 0
gl credtan & lsindlengoupl® poplawhidhorompiipasrell units of more than-one

viLal . k@ fpbRth@nshet difterdnt kets—of culture
b;?\?bk%rﬁlﬁgd[‘ﬁll%g Uﬁ:&ﬂ 10 BLACKDORA% h

ation The term lation . . ani 5
condiiersas & RARHIBY tbgesé‘Pé{‘gfg f "??H'émsgr&’%gde'ﬁ‘& RhaHy ¥r féh
randomly; such. groups are not themselves “pools” for the present purposes, but may
themselves be pooled by combination, for example after exposure to different sels of

culture condifions.

Proliferation Cell growth and call proiiferation are used interchangeably herein to
denote multiplication of cell numbers without differentiation into different cell types or
lineages. !n other words, the terms denote increase of viable cell numbers. In some
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par anmet er bei ng nodul at ed. Thus, nodul ati on of gene
expression includes both increasing gene expression
and decreasi ng gene expression. 15 -Integer This term
refers to an individual entity of a paraneter. By
woRY@beexanple, if the paraneter is the sPeEGBE06I003186
Sag, then the integer mﬁl{ be one or nore ofspecific
sizes within the paranmeter. 213 ldentifying-tags
associated with one or nore cell-units |In-one aspect,

therei s provided a method for dete h
ertarene: P HOS o p Spromganied 1y SHispp Bisp f Shenyeo or
gdmblyee.t han one tag (eg. nore than one type of tag)

conprising the steps of (a) neasuring-one or nore

paraneters of ea t hat 68!
Drlﬁﬁ[eptlat?g ?ﬁl)drffeé%ﬁ?tf gz%devglow%nﬁ%r% a c%h é@@ %IFE Bﬁnr:éﬁf olal[
typa) CFof ejampiz; 2 blpatertnpjurtphienti o istieateny ceélfm%*e‘f?rqﬂa%je il Al
cé!ld fB*rréJeb{naﬁén H%? He€ !at%con‘rlﬁﬁrﬁedalﬂﬁ proliferatichp @€ infdyCbec @diépendent

ture conditions 0- e o a
thgr)@afo Thg term diiereniialign. gengh gigyerg{ersq? e elolqwé‘imnl f g%erg\%@ Bt
matureeteiicigbef ibom cieless AevslopgentHiy doBAeR coliygy £ SOUron &

lymgh&hg r Hut QbefnSiShrboibdi thanddHRAInlididn Vwﬁehebty rode onature cell type
pes of

[ obt ai ni ng
”‘Fﬁ%""t’%{b@ ap:i;t%%rqawge 8“34%1’%%% ?gé}lrﬁﬂgﬂ%"rpm SUitabl e for
anal ysi's; (b) neasuring one or nore parameters of

ﬁ%ﬁﬁh%ﬁtﬁ iibat Thé dlﬁ&t@ﬁhaﬁ&l dtabel a aelldekte lenwl to wiiiah)a cell has

tif K t; and (d
PRl AT PRI SERBECH (g Lo the

chronol ogy and identity of the cell culture

szﬁ’é’]gi* 3 LR bbcdbs Cifie 3R of alckliutan biocda Seflrs dm whstive sed|ular

5 WD 2007/ 023297 PCT/ 0 lﬁggg1t riicul
pf?&‘?%ﬁ%?‘é"r”f’%‘? oR a5t 99 ﬁ%clﬁé%z%ﬁmg%%ﬁc@sseg ndl orrthe.
slepbr sage ipthebelitliposoesss. FpreexpmRple, a colyla) ées*.‘“ “Pﬁ%‘“ﬂy na
c%%f@dnﬂl%ﬁﬁéﬁﬁv@ E?elh r@iutaigsd g |°Udmse%“"@ﬁ@f Hitrets

imted to, |i t §
SPPRIGF SOUETEE® ALt STURY il EorEGBid oy WhE presenco of &

chirenterisicshofenaeris$s Ingmedfiesnsi t y. 5 The cell unit(s)

to be anal ysed nmay be separated froma sanpl e that

é‘trer.‘gg | A: ge;htetai:i é]y n’Zc?uy ?cm? wlﬁut“h @{ngt%es %%El\e ;5+8(11Jc§ eﬁ@ﬁ)otyﬁ%dé & =M

er es fromthe

RNA| deng piotiuct.| fs wagthiereinga %@Muﬁ%?ﬂtéeasttth? godfng sﬁ%‘ﬁ[‘%}’gﬁ?”
-AYod8H MEGEhE GrodiuGe B triz@opibskilarindiele ebnb yod mekrey Bigalatofy Tegiens

n%gessary for the transcription andfor translation of the coding sequence.

“Gene Froduct A gene produet is typically a protein encoded by a gene ‘in the
convertional manner. -However, the ferin also encompasses nor-polypepiide -gene
products, such as ribonucleic acids, which are encoded by the gene.

Nucleic acid synthesis Nucleic acids may be synthesised according to any available
technique. In some embodiments, nucleic acid synthesis is automated. Moreover,
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.
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unit. In sone- enbodinents, this is ‘achi eved using
t he nmet hods descri bed herein. Advantageously, in
certain enbodi ments this results in destruction of

the cell unit but the tags are obtained intact. 15
wa 108292 bodi ment of t he-present inventi on, PEHEBYPe/003186

nore different tags are ggasured for a cel
unit--such.-as a cell unit contained in a sanple
conprising a plurality of cell units. In some

le%Fe ﬁglr%:%gs%Pe h L&k %Yé‘h late %refsééarﬁt hreksht BvelsOin @&@bﬁseﬁ@

ent cellu
cellzolree eardiersirants fd@ﬁ‘@yP% bywee %@eﬁngrﬂ“g'B%% £ %SQ’ k%‘l‘?
arré&zobydﬂnéth@fsacﬂbwn RQhd ary pBanes Which agstifseentielly|exprassed display a

[nf e
gregfﬁnf Dl‘d?SF?rq(El “ié él\%ﬁ@ﬁ llodl% th® Rak@stthaliebiGondiiié

ypes g%ﬁger ceff n|} In sone
maan@ﬂﬁl’fﬁéﬁt@@ iqgs.[pipfve fRovelBd AP RFSRES Y 9 Pabout 20

different (types of) tags per cell unit. In sone

T g%)d' e-%n‘izfeb ?ra}‘,\%féétedtiﬁo(&&@% W?opﬁat& meaR0 The fbfin

t ags
MGG M AR KNG <
buiOdiso B hludé biher eBlniduey fre sracdfgning: auglsicrsids dde B oghircluding

tra%sgoalﬂ?ﬁ meod tlgﬁ&;u%ﬁontfg%gr@pd%ﬂoh améiné @M about 10 to

Bo™or “nor e erent (types of) tags per cel
unit. In-sone enbodi nents, there-will be from about
Molufation OrhakrtmdEiatioris neddo digfifyandnrease gy deprpasedy e

pa%r'netep %én% Lm%!ateldn Shie n?dm@ﬁgn”ﬁn béne blpedssion Whduded @oth

bout 50 or nore.different (types
incesfaying gang epguessioBiand HrFasng BSESARSS P e nbodi ment s, t here

wll be-ffomabout 25 to about 50 or nore dlfferent

kntt(eﬂé{'pﬁ\% tgllrrr? ret) ?591? an fofvidu& |eht§tg Bil & pardrifet&rOBRwS0F @Kbnipin f the

rom about about 0
parsetesisdhe sietoy s, UPY o ippopel Be B4 0 gt ec s wihin
thepeparbsrent s, there will be fron1about 35 to about 50
or nore different (types of) tags per cell unit. In

dsone enbodlnents,_there ‘mﬁll_be fromabout 40 to

f of) tags per cel
unit. In sone 35 enbodlnents there will be from

ek
unﬁ,lﬁ Nled it BYgFRINAL 456 RGBS Pre g e g% 0 taiggénn{bﬁgmﬁﬂé ét?%s
of\Ya) ﬂned%ﬂnr@hmafor Bdreqraramstess ofgiabh t@gélpﬁhs&s%@éa fre cgl

bPEEn b in thP oSt &ﬂh@dﬂoﬁaéﬂn‘g ihd B@iE dfviehdh thxeto the
ldegr?]g c?i%g;@iﬂtétf :311%? Qa ;;%«;gp celgftiliure C‘.O[[lﬂsﬂolng Eo-sﬂlﬁéhethg béufd%ﬁ R

beRAg@Eaent s, there will be about 55, 60 65 70, 75
or even 80, 90, 100, 250 500, 750, or 1000 or nore

di fferent pes of ) t per e o f o
Intqqguthgaqsa?ﬁgt gre iz @lsh rqr tg d for %%{ I'mmméz% o} f cultyr

a nu
histbifyfob b @it uriitrdbedest with dne or mtym dﬁgn@mpgsmq the ,sfgpsa?f (a)

ob%wl\gﬁfzig Ealggfrorﬁ thelbel [ini@ it fofrf @B ble Fdt beGRISS (b) Measteadone or
more parameters of each tag that is used to label a cell unit; (c) Identifying each tag in
the cell unit; and (d) correlating the identity of each tag fo the chronology and identity of
the cell culture conditions to which the cell unit has been exposed.
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10 in sonme enbodi ments, there are at |east 10
different integers for each paraneter. In
some- enbodi nents, there .are at |east 15 different
integers for each paranmeter. In sone enbodinents,
wd bet/ezsarre at | east 20 different integers f®CTEHW6/003186
paraneter. |In some enbodiynents, there are at |east
25 different integers for each parameter. In sone
enbodi nents, there are at |east 30 different
|ntegersfor each par ter. s,
e ek B Pt Pk I RGP DR PR ReleD
Expaplestet ¢, oplical pspeiies efrfgdieate Hokde, b AE o5t dmip |t0%{'glet
reffég%\ﬂiz f LRELEMe hitE981s dntissidawiveRagtaTEteYar the fisgessence
0 |rrents there are at |east 45 different-
emis§{oa Jugrsity: .for each paranmeter. In sonme enbodinents,
there are at |least 50 different integers for each -
%&m&gﬁ o be?aﬂaawédm eapasteaRih 8 sample thef may eontaiit many
eas ferent paraneters and nore than 5
difigren %‘?’é’ﬂs | ntegers for each paranmeter. In sone
enbodi ments, there are at least 2 different

Thgq%gﬁﬁ]t glcal amfés)@rlﬁiefe&aﬁaﬁ bansblatdédeten ttieapelloGnit.  In some
e”é}?ﬂ'ﬂ%?‘ﬁsrﬁ%lﬁl n y enzyrﬁﬁ%tﬁ g%gt[ Pmﬁtﬁl&r acid Hyﬂr%@/ﬁ@ of the cell

e al e-

unar larmtrer@nt@dmeﬁﬁ this Feaé%"%?df pendethe W“?‘i‘?og é{e§°”g?ﬁt' hEg,

AR BhEIERLSY, in deRaif BMBodRidROhiFREURS in tisemetion p‘éthat:ell U bt ﬂF
different parameters and 50 or nore different

tagsAre gafpined 'F%?t each paraneter. In- some enbodi nents;
there are at least 2 different paraneters and 40

In@hd ErBodirbkint &@seemsehﬂm@mrs ofiepsr meseeedifigpent tage trgrmeapyred for

od! I AR DA
+ i e T oG bt e
each paraneter. In 30 sone enbodi nents, there ar e at
InlsBAS emBodihéie HRRd wilpBé Rdie bBuus 2 teatahutZ opmotealifisrent (types of).
tag%%gs%ﬁ%ft érr Lo %b%dnfn%ﬁtst%?ﬁ@wﬂ%%ﬁta%ut 2 kalSoRIE) different

are a fere )
(tyras aﬁ)@ge pg celhieit 1 sopne|sbedigrepts g}eéerﬂ“ﬁ Pt By %?pgt Figprte
of) g @Br € luhit. URisbmeembodimdrnds therawﬂlévetfmrﬁb@wi@ to

difétef

&bodidenty\@ere will be f
a%g%ol%l% %%‘Pﬁ?@&%&?@%Sgp&gdg Ad\?gnt%gegaes‘fly > e
alyclot 2 torabpitd B dEerANHPes ANJASREECAYEY t hat nany cel |
units and/or many sanples can be processed. This is

oPae ik, T2 BEROH S0t 56 BodBER b SRADA xR s o
tauhee@wuzreweaoaw@o@mﬁm%eraw&ﬁ?[’%?ﬁm%i?i’? obgt g prmore

FHORE: @pbost 8BNS ooff urith: spmesertbdinenia Hsrownl beflemebpd 18
tongb)éiu{]mr()f 59ﬂ‘l‘erle tf(gfaeesn&f) tlé&gﬁer cell unit. In sorme embodiments, there
will be from about 20 to about 50 or more different (types of) tags per cell unit. In some
embodiments, there will be-from about 25 to about 50 of more different (types of) tags
per cefl unit. In some embodiments, there will be from about 30 {o about 50 or more

different (types of) tags per cell unit In some embodiments, there will be from about 35
to about 50 of more different (types of} tags per cell unit. In some embodiments, there
will be from about 40 to about 50 or more different (types of) tags per cefl unit. In some
embodiments, there will be from about 45 to about 50 or more different ({types of) tags
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By way of exanple, using the CM. hydrophilic

m cr obeads as described herein wll typically result

in this nunber of m crobeads. The CM. hydrophilic

m crobeads nay be wused together with one or nore
Wdﬁg@ﬁ@g;gﬁri ers. In sonme enbodi ments, the CMeCT/GEBEN6/003186

hydr ophi | i ¢ m crobeads aﬁ used together with a

Cytopore Z.mcrocan ier he tags in the, sanple my

all be different or they may all be the same. The

tags ma be of different si S &M
peraml_) uypit. ]jqu_ PN qmboﬂimgpt@rlfalﬁ B3PS éga}at Te %ﬁﬂllg %%tﬁ &ﬁ 4 rTc]mc-,
diféreRUlypde. oagsqeoed ubt. 8m  about 7. 4pm about 9.7m

and/ or about 9.8m The 15 tags may be m crospheres

-such as CML m crospher t : h.
I SaorTpHERRS g VB EE B RO Po 0 pr SORFL T f@&f;%%ﬁt
(ty@b@f;itagé pémaell afib U sonts efnhodiisolgt thae sfﬂhbeébeﬂi z%’h?
or ?Vﬁn % 98 1708 @5@”&)0‘9‘%”& 18P Mord Siffiers@ l(i?pa@m‘)m@s plémzteli; unit.

maxi mum of 1000 different tags. Byway of
exarrpl e 20 usi ng the rod-shaped nanow res stri ped-
Eaam bfithe barsresieanibsgibbdialzse des dayee duiker &f ATREH Inpgety) I

soth erhgl% %ﬂhﬁ%l:e b af I@&%Z 3@ § AlferehEintaydrs 26 eathpatameter.
use oge

th
In SRR BRAR AELE 5P AL AR B a8 (P b n
somieinBodimer iHeresarh et le@t #% differertrinteasys fopeach Haralﬁ@ter i some
et Bgﬂtgqﬁ%re a@? BRfebiiCitl @ifferb Gnibdere fF leattapaastert hinasome
no

wn ce ture c
embafiimenis herp e ghleAst %nbgfffff%'g oo f"ﬁf’g&m g%rg“&ﬁgp f SR
cribBgiments there agle iah leasthi) dBerent JPeses Ry S8t BT TR, l"l 7%
err%%@h.f& Cinkr8 atrQ a't %%&t i anﬁ@éntsaé@eé tdhesen parlametetf Ire Z;niz

conditions a
eripinegp. PHETESt Soa T an Dty 8 BoPRanhet o KA
enaﬁaafnmts,sthaeeara\aa|ldaafb+%dTﬁ¢Fe'ﬁtﬁéte@f% for pagh, RYPHEET oh"

nibgﬁigﬁntg rg LidS:t a8 Bl BffersfitiuRisotsach/patbract@y ber net i cs
Iacy.con), a Ni kon TE2000-S fluorescence
m cr oscope and an Evol uti on VF cool ed nonochrone

InC@merabodiswepisl tred by -WHesh 20PN R EEigR G PR 40 S
drl?’e?erkﬁte@@r@f&@&%éf@ﬁ&erone or nore inmage(s) of each tag

e cel unit in the field of interest is

measured. Typically, this be achi eved usi
Inrsotie @embogiyents dberh a@atﬂq‘:ﬁsbﬁtdlf%ﬂzm%% a8d morentﬁan 5 and

Ie%?t%%@ﬁ}éérg%ég%ﬁs fordach ipBlathett. CIhasae @ynbodiments, there are. at:

L ! n some
Ieﬁs,t %I%%gég’r&g{'%?rﬁn a:?c{ Egll %QQ’ dlff&’grjlt IF%FS fJa«J e#éf@ﬂe;?éﬁ‘émeﬁé? 1

erhintdarehe baearcarieash’ difepi PQ@E‘GW and&P|op E‘Pﬁeceﬂr‘}'teﬁeahf“iﬁg%f‘f
ol bGh QR ERYer. bﬁaéoﬁie &Hobifmants, ks laesaidpgst 2 pidlemni paramgeters
o koo el 0 R SO ae nce
leaste differend rparanteiege @gq 30. or less different- mtegers for each parameter.

some embodiments, there are at least 2 different parameters and 20 or less different
integers for each parameter. In some embodiments, there are at least 2 different

parameters and 10 or less different integers for each parameter.

Each cell unit may contain more than one {(eg. muttiple) tags of each species.
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5 of each tag in the cell unit in the field of

i nterest and/or one or nore fluorescence inmage(s) of

each tag in the cell unit inthe field of interest is

nmeasured. The fluorophore may emt, for exanple, a
wibtoog23preen, near red or far red fluor esceREEFGB2006/003186

Suitably, the fluorophokg is selected fromthe group
consisting of UV2, Starfire Red and TRITC. The
quantity of fluorophore may be selected fromb5

Ad}geiq{afg%éﬁg(\};tyig gnpﬁag-l%ﬁ cgﬁ gca Ia{:t?rggt&? sith (AP nfahy Bs1E#E Bfor many

eac rent, range i s discret
corsppmeccaro RS TIR RESTFUECOVIRPER'T PR S0 SB00T Y
hatePmBnyT (€4 thultiredP bEdilfdtert tagg v hebwebyi genereting 2 irmecimpant &,
the ranges may differ by about 5 to 10-fold or nore
dan pr | ghtness. I n sone enbodi nents, the ranges may
differ by about 2 to 100-fold or nore in brightness.
Fol SdmsQfbodi@EnoshitheEmtent itteetionathgreds amgximin pEF0 dierembisds-
2 to.1000-fol d- e id SHBSds ad HesdGbeT RN will
BY VA i RETR'S, ks g[‘? %Leg’}d%é’&n%ﬁ% er by about 2.5 10,
typkaly result Jihiy-rEPer & midpheads nThe "f“g‘i%"h‘%’%“g‘? migrobpagsmaY
usbd) €ogRthtd Wiie Sonb Odr trioe: etinpocarriersp e spmye gRiihoiments, tt5a &Y
ntq. t he .on 2 et e S GRRCENCIBgR4sS) and one
hygpp %cfn écr?q%a%rag%%%ﬁggge}hﬁg\gg\%@%? each tag in the cell
unit 20 in -the field of interest may  --be neasured
Thb @igs #2168 sdrhpkomayp AiDbeditdratt of Beymeyalt ke therime. t He frggdeay

E tag. in > eH N irstembly bb&al 1/0)m, about
berozgﬁ?rﬁ%%fzﬁse‘ gﬁéep' o nmoelre}g ni)gg?g@nz% lgfﬁ'sﬂr- suﬂéhss ng ar £
4-4yrdl Alpaut B cakbut FeiingT, alout 7.4 ghautOAym anaier AP %ﬁeﬁ%r
mgg%iﬁ‘y S&'@lg}o@ﬁferesthﬂﬁ:h ab\CBicbplerea e, tgse ac‘gtmega:wf [sach

anal yse m Cl 0SCQpy.- Usi n9a. 2B, about
iR o P PO AT e eratl S50 Tl doot «m
5 int, bBgut 5,68, sbout 7vipsyalicur AT liroandsboetiISHT | uor ophor es-

such as TRITC, DAPI (1 V2), GFP-B (all from N kon)

and 5 (Chrona Technal o es
N ik et e h
usirlg"tAg) ford-saaRidyrehewips rdripedmith gbiengnd guides Presiprd &b 6
regrﬁrltqmﬂ% ﬁdn‘rfber gﬁgém trh€ Sdid nABwWiEEmaY bé ERSiogdthes iwith leee o

crospheres are typicall apt ured usi ] GARY;
P TiEia g dn SIS AR R TENR e el (he i e
caiispRerid@icioagiger. The fl uorescence intensities in the

di fferent channels may be used to further specify the

identity of each tag by co rison . t r} ACE naii
i oarti | nidifion.
'"s‘?i‘ﬁrﬂ"‘é’é‘g"é‘éﬁ‘ft A PRATIRYE %pr%%%f* "ﬁ‘g a\ﬂﬁ"%é’g g‘%@z 9‘%’ ,
ARGTIgR 26106 1R0:21 86t ha&Peen labelled with this tag and has been cultured in
the corresponding conditions, it is possible fo fo identify or selectthose culture conditions:

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

Whilst various methods of image analysis are available in the arf, a combination of
Image Pro Plus imaging software by Media Cyberretics (www.mediacy.com), a Nikon
TE2000-S fluorescence microscope and an Evolution VF cooled monochrome camera,

supplied by Media Cybemetics may be used.

In one embodiment one or more image(s) of each tag in the cell unit in the field of
inferest is measured. Typically, this may be achieved using microscopy — such as bright
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Sui tably, the m croscopy nethods is selected fro the
group consisting of bright field m croscopy,
phase-contrast mcroscopy, oblique illumnation
m croscopy, dark field mcroscopy, differential
wo Bogbfsgrence contrast m croscopy, reflecti eQT/CBR06AGIS6
m croscopy, Vvarel contrast m croscopy, polarizing
m croscopy, interference m croscopy and 5
fluorescence m croscopy. In one enbodi nent, the
m croscopy nmethod is bright field mcros
fieldTpiFBsFaPY. Phaseirentasl oY °§I‘%’8t’@f“h”é‘gé"_"n@%gg%py’_da"k field
miroQEY SiRferentl ingriéremcelventrastmisgeoraslecidgeanirasMERFEPH,
ol B ekl 0y anpuoayy anien ioabor ok
flupFRSCoREIRICERITBY cTHitERY: HH "&E?trg?y?}iencgm&.' " fﬂr&v an eageOlsziﬁ.,)%‘;8 ®
of teabis tagrindieseel unityin e Gaid ofrintaset @hderctp AITINTHYEFECS
.mli\%{;%%{ & tiT BF Hpdd it fheliBldlonPietsyis Pleas8&s atke fluorophore

Nt ageously, the process ptildis r
eSO ST TR R, GFRBa f5rbe 1 S RS GucbilE S, e
AuBrapiis & selited itan theigruplvensiginerpidfV2a Staisy Rechang B3> of e
QSRR tor HOUARIAGRO U Yoiedtlf frofibadimersht Denges e t etigésnbd
oo i
rabdsSnagaltifar yciputi2de §-feid b mere ishrightnes- Wﬁw@d@ﬁ@i’ the
m#%g%ayﬁﬁ%{ EP%‘E b ki d-1adr lﬁir? fnafﬁﬁhtn%.e Irpm@?lmdinwﬁtsa
i BB O, oSO i 1800 Shyade o oS A Gome
erfiicalents, hexanpesi roay, diffen By abgyh a to HH9B-Tidspemore i brighingss. o R,
soPrfef Liftfont& i [BRea it difeF byokroai 2)abioe 10myor a060lfyld ongor in
plurality of reference tags of the sane-species. If
brigh®e$ower |imit is | ess than the nean 25 neasurenent
and the upper limt is higher than the nean
SIF}E\%E,%S Eies ibiefe bhS o RloROEhageeRan@ded bréo thepee @mpre
TR RGP 1o B SOP e Blaiaagel) ofech e W o
inttag field bf infemst thawes mpaswrad fopeachiproRtvEoHef ' ﬂ%ﬁ%ﬁ@&’&‘r the
ta%&?. déﬁ%agﬁima oénl%it _ﬁtﬁﬁ B? meltfmm pyeading e o:_idm{)nopaf’ammﬁtﬁtu _
n e up imt o : louliiSes.
SYGTGH & aﬁ?{fﬁ%rhoé’t'% dep=ibead bm%etﬁi@?ﬁ}g[ F@%%?Ep%rogﬁtﬁﬁse r
then the 30 -nethod conpares one or nore further
TR BYBLF gxafn%leaiaby Ela% Be@ﬁll)?w by ﬂnimmppﬁsmgra;\ukon TE2000-S
“correspondi ng, paraneter. . : . hew n
e, PIBTEoot Py s, aipes ol B e, ”E‘éﬁé%%ﬁ"gﬁf the
fidchephopp ersuclnadTRIGAEPAR! (HVE) GFEE:faf{Tra dlirp) andrgp (Chroma

TRATBBE) £ mbd8 Mdy 6 BRithed vengRarslutidnalF weget me&chrome
measurenent rel ati ve

to 0 apge b SioRd i
e ornpe ree gerofiel SR MhgETAGCOG0 TR TIhE s
C2B&Betigs)PCT/ GB20061003186

The ouflines of single microspheres are typically captured using microscopy methods
and the areas within these calculated to size the tags. The fluorescence intensities in fhe
different channels may be used fo further specify the identity of each tag by comparison

to reference samples containing known tags.
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26 I n one aspect, there is provided a nethod for
determ ning the chronol ogy and identity of the cel
culture conditions to which a cell unit has been

exposed conprising the step of. conparing th
W%FF@""P@W& limits of at |east one parameter P%Fﬁ;gg&gg&}%

with the nean 5 neasureméht of the at |east one
paranmeter of the tag. In a further aspect, there is
provi ded a nethod for determ ning the chronol ogy and
Stighdlyt iHeymiofosdoe metiolls Budasted fwothdigrauprrensisingver biight field
?c?(géco | hadl8SnRe hidodeose d)b Epifldrﬁihé'iﬂn rﬁlt:lﬁsc‘éﬁﬁ Flﬁarl@f’e!d

aring er ‘an ower t .| east

L Ty T e
vatl -cbhiteastitmibesspy, o pdarjzingamidrescopyf  infedercang; midsgscopy and
ﬂﬁﬂ&ﬁé&kﬂaﬁ@a&w nmean nmeasurenent for the at | east one
paraneter of the-tag with the-lowest linmit for the
at | east one paraneter of the tag; and (c)
Irosifegibadiimieg, thdicroserpy metied is bgfht fitld microsPeiist one
paraneter of the tag with the identity of the tag

associated with the cell unit. i nent.:
Opforpie oG it s AT T8 Hgarot A e FP e s
heamnid, thhieproyidecior thé icibiteldgy-ahit ifeelity tiheeh ctlives snpdifions to which a

W 285 (43884 BPodald pEl caamaRE eﬁd\lahﬁgétﬂﬂﬁ [thi@ p@cess
ower limts of gﬁsecond ar anet

h
s R Bren TgHng AR e R et iBerbtekibe Do

For exanple, the first -paraneter may be size and the

A?Tesﬁ%@gous %@Bi%&e%é uﬁaég SRwhrB ol Eélﬁ{é?cfhel are®Er df @bl typefof tag
uorescen od| i.f the | ower

apq fhpp ogputs 'ﬁ@ d@é é‘biﬁﬁ%ﬂ‘é F’FWE’EE of e%haﬁt han the mean

measurenent for that paraneter and the upper-limt of

ARG ERESRR] HRAGANHHbel Mplticd Bl a lshraBdshbs BERIGh throughput
neasur enent of that paraneter then the nethod

a8 ¥Far es one or nore -further parameters-relative to
a lower limt of the correspondi ng paraneter. 25 In

Ir%}% R0 GhdBbthod- éf%n%]ﬁﬁ]g' tﬂ%&ta‘lcbrﬁﬂ)rtseé § fii80dtey) & S6mMpiAd) the-
nmen and S
JUCTE PR e A S e
tilecakdaast onei pemetsh obithe faga dn orgnermifadimenbet fh%ﬁ’fé‘{?@*r inygption, the
ubf? aﬁar‘[&ve[?aiﬁﬁ%g%f @hy Qérar‘htaer Eﬁgoﬁtéineﬂﬁﬁsdﬂzﬁiﬁbleaw Maysind a
r r rnte
ol Btrng s Fepocrane: drifs ENg) B g fah e lilan
nfchsiperogrih endsthe rpner Y s bigear thandlirgaeasfm GfaIS%'P@ﬁ &en e method
c%rﬂﬁzﬁébs thte%ﬁppﬁ%n@ rlSlhéﬂ Eith ot B %e&?ﬂ E}ﬁEiT%Eer fopl tagathhefmean
ese 1 n (0]
e EREr Ty Sttt saRtRin o e YRl e b APOOEE B0
perineth :sdms thainfihe inear rogashreltient fer thaf Ha@g@ter Rchthe H‘@eﬁi‘!ﬁ'hf’f
HEERSSHG R etc? RchigHRE thBR e mean measurement of that parameter then the

.method compares one or more further paramelers relative to a lower limit 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 parameter then the method compares that mean
measurement relative to a second range comprising different limits for that same

parameter.
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35 nmeasurenent is less then than the upper limt then

the at | east one further paraneter for WO 2007/ 023297
PCT/ GB2006/ 003186 27 the tag is neasured - such as

the size, type of fluorophore and/or |evel of

wd hobtarenhore of the tag. In one enbodi ment pCT/&EB10DE003186
mean neasurenent for the St | east one paraneter of
the tag is 5 greater th&h the lowest limt for at
| east one paraneter of the tag, then the result is
correlated wwth one or nore tags that possess the one
or nore paraneters. In one enbodinent, if the nea

In GARASHE e isfprvidedh e methodl fa detemriaing e shranqiqoy gnd *E’?flé'tytc'ég

the! &1 cliBte ShARIS o M?\é‘l"a LdnQink a¥esden lekpbséd Eddpritiethe siep of:
raneters

th en [
A L {“B'& o F?E@é% g s‘é‘m ,regf;a;l? W%h}ﬁe)’? i
me@fRereeib oidhengtidast anp pameteodide tBd-mit is not |ess t han

t he nean neasur enent and the mean neasurenent i s not
| ess then than the y

In ffirtes 2sPasta HaRtR % PrOY! a tnﬁzgwa fonf Qéte gwﬁ]ggﬁ-[v\% rc%ﬁ&lo rb‘?ld
ideffity bieias celbtidturbLootditons tcrwt@gea c@il‘ um’trlr@s begfeexpqasd compnsmg

theoﬁéé%'&?t(ﬁ gax%arh Ghd erl hd TERAS BT af IBaspBite |@rdnEttr vBa tay

with ,qteémqnénq?ﬁurfa%@% oi#iuﬁg?’ﬁ%ﬁ? gf 0 r nr’llgt?rot;f tﬁmgxge II) %ﬁa&ﬁ" hig.the
mean atehirerssmb tod ieeh tepst ot Eﬂ!’ﬁl‘é@tﬁfdii theeipo @\?’e’fﬁe é’e?" (EFBEE’( &g
at Iegg’( Bhd drﬁ%&%ﬂf %e@ég, Ertﬁc)%%ﬁaaﬁ?@ R~y Ré=B ure@bntiohibe tidepst @G

n one t h ess than
pafaeteR e ﬁﬁ&gﬁ%r‘%ﬂ@ r&;ek? %gégrrég%é mrtrﬂeﬂéés} ger“eu ﬁ‘g nt is
| ess then than the upper #imt for the at |east one
In EhH %n%dg’f%f R 16&3@{?1& is J&é},ethélﬁaa mEBaSeasBBRht dnd thet dpf:;e
east one paraneter of I
it o e oo gt BOE Bl SRR Ap
lowdn dimits ben seesnd parirmeterof R VBT RAERR aﬁé%%menﬁ%‘ %?egmd

pal étotﬁg;e ig@sq:ggg,ﬁﬁ@, B Gird (pariier plmyaﬂeaﬁzﬁrwd ﬂihmse@nei
i nent t he is less than-the nean
p%%ﬁ% emﬁ%%r ‘?‘rﬁ'\%ﬁu rreasr‘lﬁaerrent is |ess

then-than- the upper Iimt for the at |east

In %ﬂg e&tﬂ&?nggﬁti ?g%gﬂ@%?i;mtaﬂ (ﬂ:e 5%:&6ndt'{$aﬂnétaals UBSE:BH ttféef a;)ﬁan
O T

tharatha mese measifrentidnt of th@j parapyeter thee thedrgihqd ‘iog‘p%rﬁ? P A

futbhdr Earémetbégeléth:etto PRSI R of ihe-ciaispinging parataptenne
enbodi nent, if the neasurenent of the at | east one

par anet er of the tag cannot be correlated with t
fni cohe retribbgimentt, ¥ Fie lowey limd doeat dessdnan the FERR MERTUETSHS ?“
mbERedsNemaEtE RSt less then than the upper limit then the upper and lower limits

of at least one further-integer of the-same parameter of the tag is measured. By way of
example, the further integer may include, but is not limited to a different size, a different
fluorophore or a different range of fluorescence intensity. Accordingly, the parameter for
each of these integers will be size, fype of fluorophore and intensity of fluorescence,

respectively.

In one embodiment, if the lower limit is less than the mean measurement and the mean

measurement is less then than the upper limit then the at least one further parameter for
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35 may conprises the additional steps of, for
exanpl e, exam ning fluorophores serially, WO
2007/ 023297 PCT/ GB2006/ 003186 28 such that the fina
"No' decisions fromwill go on to interrogate the

w bdaotgpdyor es val ues for the rel evant size PCAGHE2006/003186
Suitably, the nethods desgyi bed herein are perforned
usi ng one or nore of the 5 conpl exes descri bed
herein. In a further aspect there is provided a
met hod for identif

thg iagds Mgesyier SCT %ﬁ"x%S' P28 “°fr‘5§ﬁ°ﬁ% t 'egtg’g’[ég‘;"é" hors o8

thekdgai ni ng one or nore images of a tag that is used
to label a cell unit; (b) drawi ng outlines for the

one or nore | es of is
inpe pnbrsimeng if trter{gea&%eaalrlrelﬁ%n QOr'ih%%t legﬁ))Fejz ?:ﬁghéi& of ﬁr@ ta
gibatyr theva dierigwash Bimit far e Yeapldener reqf thg femi Hen fﬁ?ﬂﬁ is
et Wi B4 drinRRsS tagd MaiQfRdSscasibe dha@imtore pAramdiernge may be
a phase image. 15 Determi nation of the identity or
cell- culture history of a cell unit As al reag%
Inchis embdairaens foheameanTedrsivamentifergha ah lege opeABRPeesY thedqg’s
?‘gl'era%r by @\b ﬁode&iqmlt'f&ﬁe B & @bre@alainettd df thedadhtheb the yesult

e chropol o d t he exact nature of a
’Sé’é‘i"?'@%d‘ﬁﬁ‘fhate%{h?woé e@%ﬁﬁl %}éﬁs that any one group- or

unlt may have been exposed to) can becone 20
ré&?b%ﬁimeﬁoﬁ tHeni‘é\Rr&ﬂiGrﬁtl 05 h&eee&nhamt thip o@hn meeﬂgz?ﬁnt gid the
c culture, ne i G NYTFR N
ot BRI TRt A e Er B 4 R, t Gl oéMaftr
phragiBtel ttharatheumpersand[b@\t-f%rhfﬁ'tﬁ chat legeb G%E‘eT“I"merd'ﬂqueu Pt same

pmﬁg@;&t%fta@gn{éggdremm t ina mxture of cell units,
whi ch. have been subjected to nultiple culture
conditions, is sonetines referred to as
Il checaoThudiingiti-the metiibd s be eppated fof pheeer M Rughey integers & lbe
sggé Qemak (g%e,ﬁ@ Iﬁlaﬁcﬂhér h;erbemhfa?tpﬂ:é tngthed hviag Bmwbledﬁp?’ted
e units, 1is to |abe

f‘E@[' I“*EQﬁPFPéth%ﬁa(ﬂnﬁ ‘far'?me ﬁg@éfta fe advant ageous-to | abel

the celV units. As described herein, tags - such as
% G éﬁb%@iﬁl@n@@fﬁei 168 it 1 169sahanttls masrdhessurmenicmg ey aean

d n
nlesglgerpﬁué fsge 5}]?9?1 &anqge ﬁ%p%F ﬂ*i@'@?ﬂl@’@{ 14kt @ﬁ@fuﬁ@ﬂ]pb@ﬁ&i@lda d

-assocl at e

e me@camﬂuweﬂ@@bé‘@cﬂj deqst a@t %%“’E‘F%?f A fee 1od é%?ref’“ie g‘?ﬁ‘ 8%
Megffllnﬂt%& ok Rhstdné pEAMEteOH tdiag, tidrieneboyy camthtaddeh one 97

e S ol Sohb SR R GRDL bk ABEsL O Vi o the cel | unit

CI‘O arriers

 Inone embodiment, if the lower linmit is less than-the mean measurement and the mean

measurementis Tess then than the upper limit fer the at least one-further_parameter and
the mean measurement for the at least one parameter of the tag iz not greater than the
lowest limit for the one or more parameters of the tag, then-the result is correlated with a

tag that possess the parameter.

In one embodiment, if the measurement of the at least one parameter of the tag cannot
be correlated with the identity of the tag associated with the cell unit, then the method

may comprises the additional steps of, for example, examining fluorophores serially,
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35 WD 2007/ 023297 PCT/ GB20061003186 29 A variety of
m crocarriers are avail able, ranging in shape and
size and made of different materials. By way of
exanple, the mcrocarrier may be a porous

woRer@Rsetri er selected fromthe 5 group copsi/eBIME003fs6
Cytopore m crocaner (eg. o8 Cytopore | mcrocarrier or
a Cytopore 2 mcrocarrler) a Cultispher
mcrocarrier, a Cultispher-G nicrocanier, a
Cul ti spher - GL m crocarrier an

e bR o R P e B4 Do S o

thevblevaobgdadsge m crocarrier, a Sl ran m crocarrier, and
a Mcroporous I\/C m crocani er. 10. By way of further
examl e, I GI OC rr-|e ol.j.d

Suiblyy S&F’ﬁh@ ey @ aﬂnﬁéc{{mgg rﬁ% '(':19 o‘%:dgr T rg?r_e( céfg’fhea

corﬁ;;lémeleescaﬂed@yrtemdex 2 or Cytodex 3 microcarrier) a
Biosilon mcrocarrier, a Bi ogI ass mcrocarrier, a

FACT 111 mcrocarrier. or r hr8% and/

In {fEhercaspet aF S %gs ?tﬁmpﬁ T n%r?? gﬁéers roa andrr
dessity valatisrigr 2 thg corspriging ﬂwt@ﬁs EufpX qht%gng ARG !Psreaﬂ“@%es of &
tagazhétt%’\_x'%ea%' Y a?éell%ﬁit,'(@ dr@vuligemﬂmeﬂﬁetde gmn a?ﬁmmkgfs of the

culture co i ons, as- ui r P Radihd 1k
tagg (R logdiay ﬁ@ PE’O';WPr 2R qum %ﬂe egr?ﬂhaﬁgon C%?])dl t %ng.
areﬁrwdlsmehatv@&hlathetméohﬁ@”ﬁ@éﬁi‘qsr ers may be further

nodi fi ed by physical or -chemical treatnments, such-

as adsqrption. or cov I I'i nki ng of nol ecul ar
In %’fﬁ‘?"lqog'g‘gv\t)i tgﬁm'éagegﬁygeeg%eg rﬂ%g%r ge or other desired

characteristic In a broad enbodi nent, therefore, the

Deité?MﬁﬁEiblOBrtﬂé RI¢hEI9 Br deln@iltaechistbarofawkll unit ng cells in

ro, conprising growing said cells adhered to the

m crocarrier conplexes described herein. 25 In one
Asadipeni destibed ebivs, phay hahgihsalawe MymBss-ob A rip.rieiidentity

aanolccgeﬁ %@fu‘:é iﬁ&orﬁ@& eﬁarﬁﬂ@ ﬂﬁQﬂr&&Ggy and the exact nature of a series of

t
oot Gt £Y SOAPPYE R Uk E oty bPec el Yo
coffusdia Fopditbtaheg theesplitfokirgtoedh a‘iiﬂi@?“ﬂfﬁ eeRSpe rgolves (g
ce@urfug arc Q%ﬁ rétmi efﬁa;lqrfghﬁﬂfﬁcdﬂ&o RS indiGeuafuniis C Delemnining the aalt

cugurﬁal‘ltsfq% %F%llr ar%dﬂ Jalrjra uged-af ce\ﬂDun%él’mfh g%%ﬁa héenpéug’ébtgt?%

muilitptt- s iterp echditegs, is sOmetinepiatsretiogsoiosppplificg’ gfdhe cell culture
m&y&t|8pher i s manufactured from pharmaceuti cal grade
porcine gelatin via a process which yields a highly
cross-linked gelatin matrix with high nmechanical and
Onehesthad of determining the cell culture history of a cell unit in a mixture of cell units,

is o label cell units and it is therefore advantageous-io label the cellunits. As described

herein, tags — such as rod-shaped particles, microbeads and/or microspheres may be
used as labels or fags which are conjugated to a microcarrier — such as a cell-associated
microcarrier.  Subsequent detection and identification provides for a record of the
chronology and identity of the cell culture conditions to which the cell unit has been

exposed.

Microcarriers
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WD 2007/ 023297 PCT/ GB2006/ 003186 30 stability. Wen
used in cell cultures, cells can attach to both the
external and the internal surfaces of the matri x.
The increased surface area of the matrix together

wobdotvodske protection fromstress afforded treTtdB2006/003186

cells inthe interior of tdae matrix results in
enhanced cell production capabilities. An additional
advant age of the product is that the 5 matri x can be

AiHsQ L)Mﬁiéro%hé}s are%si%%t .laﬁg;ﬁdxa YRS ah@sid b Wadeds LiftErent

harvesting of cel th “al'most 100% vi ability. In
alnhodi nment , the m crocarrier is a Cultispher-G
m' crocarrier. Cultispher-G has a particle dianeter

air?tg e%kp The ﬁ'ucY&EMQiEng bd 4- p%%umr&fa)her Sel&l @RS dnY the

4 glm wt verage po di aneter of 20
SBHP ST BB S Rl LR | FEBRAREICY 2 Copdio 2
mikireeaoieds ra Culispheefnereeatier, @aafulispham@dmictooarrient erCulimphiesGL
nﬁtﬁr@&aﬁﬁhand?‘é @ﬁlﬁ&he@%ca £Br, at IRt m:eﬁfwhltner \Ja Mtcrosphere
Cancer. E{l) XXM, S 78 'S82 &?96% and
r‘]‘r’ﬁ?ﬁi’frﬁfztalﬁ‘r miGrOpATer, ?@%Mﬁﬁ?ﬁ"ﬁ@? |"PICTEETeY 5 Q/topore
2 mcrocarrier Cytopore mcrocarriers are avail able

Bl v of ERnEle 8t ki@ WdyYbe 1848 hahcarier — such as a

garr-iers.c e is
U BOET e, 7 e . el 2R pik I BEpoRtie] & Bifey
midrpaadiey aBitmlebemictdcarrisr, @BATT liveitrpcapien proeldE; sglpRmicocartier.
N, N; - di et hyl am noet hyl. groups. It has a very precise

artlple S| Zze r utio and net Wor structure
Vit P s SiPiRrE Sy Rodh wloRy I Foria b ol St and
atyo pows lnpits of Bells &0 He expired tresalgoield caturarondificers @sitegliced in order

oSN GE d6ib Srolv® PRIcFIiRISIMIARSRiNsRE Whil e they grow
inside the mcrocarriers. The typical particle

di aneter is 200-280-pm and effective surtacearea is
The sarfaegy gf theymicTisariers|raayi bee fllGerdmpdiiiedybyi Bhysica 3r (phpmical
rbiifeRY SRE8s cadeffsﬁoerorthaﬁém RrRPMKNGSS rhdfecdir BRMEN dith a

t he  vol ume. . In order to prepare and
dﬁ%,gdﬁ@ﬂr%p(glp@e?ﬂeﬂ’%jc%f’% Creference is made to

inter alia Applied Mcrobiology and Bi ot echnol ogy_
I é—bx%gg ém%mﬁt R}Reoré; th@ﬁ\l@ﬁti@ﬁ.ﬁfb@ﬂ% meﬁ&@ﬂ)g):ulﬁﬁ':g cells in

nese J al i ot echnol o 9%,.
g bt omind 5% i b red o 1% RISRANE: Sffudes Sesines
h@815541 5. 30 Cytopore 2 has been optimsed for

anchorage dependent cells requiring a charge density
ar ound ecil % o

In"one aspect, there-is provided a complex comprising a microcarrier and a.charged (eg.

negatively- charged) tag. dn other werds, there s provided a microcarrier conjugated or

abelled with a charged {eg--negatively charged) mierosphere.

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

Cultispher microcarriers

CultiSpher is manufactured from pharmaceutical grade porcine gelafin via a process
which yields a highly cross-linked gelatin matrix with high mechanical and thermal
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In sone enbodi nents, the mcrocarrier is a porcine
gelatin mcrocarrier. 35 In sone enbodi nents, the
m crocarrier is made of 100% cel | ul ose. WO
2007/ 023297 PCT/ GB2006/ 003186 31 Advant ageously,
wooerearriers with a strong positive char geCE&EB2006/003186
optimal with tags carryifg a strong negative charge.
5 Tags As descri bed above, tags may be used as | abels
or tags which are conjugated to a mcrocarner -

<SR e S o Bl oy b

n_ .
suifpeastf dor Detrike £ dctsrsqd Ruriges 8158 HREi ta%eﬂ}ef X §pe
prbtB&ion FnC efrdss Caffbided do dien déllsi iorie tirderiph ot thet Meirig gpdults In
enti@hded ggfpr%%ﬁbn%gﬁﬁﬁgs AYahkiRNS) AR ofthe PFoduct is that the

macronol'ecurar tags nay be used Ln_cggq%natlonfm%QQMh
metrpecan hedisselyad withyREotedvytic spgymgs rasHiE i YeFp SLT2Y!
aihbe 10@geiabifpi cal | y conpri se uni quely shaped or

obj ects nodified with marki ngs and/ or col oured-

~and/or -fluorescent 15 co%gg%ngs“ I n one ng dugﬁqga
intoRe embeimeh e misrasarierdt a <4 PRISE TiEPTETThi PENRAYE” Otve
pedlicleikneeter P 130F380 b1, ¢ vellung obf2-t8iveligaiy, eviangtypli 4104 pimd with
agng%eQQSXm%&Sh&@Bbh.i” size relative to the

m croc

rrier they are | abelling,-and/or smaller
-than the nean pore size--of-a porous mcrocanier; R
In'Kindzy tarepasapabise @ftispier-i rn'groaar@e;mffzfgrgnqﬁ qan bepgade to infer
ol SERGAHRhy SB660) Idsal Riolydl R JDEESeR ISuppll KXOUOSTRIEE2

t he-experi nent and so.unbound t gs can- be separated
(PP ANd Fodn Y iRpIEk S WP B PEE g t he | abel | ed cel |

units; 25 iii. They are separable fromcell units

oW kfatey have formed a conpl ex under
%&#ﬁﬁ%ﬁ%%saﬁhich do not perturb the unique qualities

of the tags iv. They are nade of one or nore inert
Cgiofasd amoesamen che adailablot oy HSE dieeithsarey (Regvicesly Aroqrsham)

L ) éﬁb[lgoliéjﬁinﬁadé r&fi'tn aﬁm ééihld'k:)s!é, 'cltvhiéﬁliﬁ Ron-fofic Rkhe
altTect ead- - e-ce upl £SO elr 1,0 . /

ool Rde gt PP ot e 12 i B s dfimoct

groepsy I ek atved iertisediagiclersize distripptionrind aviRiwerk sifpefurgdile rajio

ointhdongali Shalhe misdiats HoriRas O0Phi ANk heRbiRistittie dnables
st-é-ige caﬁ% érhgl,g otﬁqlzlg ﬂl%:’%?v?g?vpl%r% ggﬁ\%ﬂ&%f t\é\'% Im?clpoclaﬁiers. The typical
particle diameter is 200-280-um and effective surfacearea is 1.1 m2/g dry. The relative
density is 1.03 g/ml, the average diameter of pore openings is 30 pm and the volume: is
40 mifg dry. In order to prepareand use Cylopere microcarriers reference is made fo
inter afia Applied Microbiclegy and Biotechnology. (Y897) 47, 4 p352-T; Cytofechnology
(1999) 30 p143-147; Chinese Journal of Biofechnology {1998) 15, 4 p239-44 and Acta
Ofo-Laryngologica (2002) 122, 5 p541-5.

Cylopore 2 has been opiimised for anchorage-dependent cells requiring a charge
density around 1.8 meqg/g.

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

In some embodiments, the microcarrier is made of 100% cellulose.
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can be automated. 35 In one enbodinent, the tag is a
m cr osphere - such as a fluorescent and/or col oured
m crosphere. WO 2007/ 023297 PCTI GB2006/ 003186 32
More than 2000 different m crospheres made

WoIW/eBDA or suspensi on pol yneri zation, pr@@%ﬁﬁ?ﬁ?ﬁgﬁm
etc. and conprised of pol §6tyrene, other pol yners,
copolynmers, terpolyners and/or silica etc. are
available in a variety of sizes, densities, colours
etc, for exanple from Duke Scientific Corporation

A&\Pﬁ!ag il %ﬁ%car wifi’ 2 BRBYS Féﬁne rc?&@}é'a‘?—é obﬂ'ﬁal wrés tags

FI shers  I'N, A common crosphere
¢ W@Qﬁﬁmﬁgfﬁg%m%c M) and styrene/d|V|nbeenzene
copol ymer (S/DVB) microsphere. O her polyners include
Tas) ynet hyl net hacryl ate (PMVR), pol yvi nyltol uene
(PVT), styrenel butadi ene (Sl B) copolyner 10

styrenel vi nyl t ol uene (SNT) copol ynmer. Nany -of these
AR AP 08 T PSR G P8R WG e DR By
mmcb’dm Yrivepsa gel-assodidied Ghtrogairer. oshibesqesnt dateclign and
id&iieBon éraﬂ@éslf&ral araﬁngF%usnba&@agﬁe amtsﬂeoﬁg? gfkg idenity of the

gﬁgiﬁ’éer‘f?ﬁ EP'%H @H&%W%ﬁ‘hﬁ?%e @Wéﬁ dc ami nes, and

pyridines, which offer alternative coupling

V4rRas niokRart 6 hﬁsm@@%l;rek}eﬁgé ma}SbeSusédap.l Yomtirld€on with the

mGERRR Jo 1418 1 ORI BT ol B Bk i uiausy
shaper @!‘,pm riddified switht a!kﬁriyl,"QSt Iaad_lormcelptersq) hasder | iomscent
free-nodi fied mcrosphere such as a
car boxyl at e-nodi ed (CM.) mi crosphere from Duke
Scientific Corporation (Palo-Alto CA, USA). 20 In
Ingwe epigdiienteihe tagsnwhigr arepuseddvllabel celbunih s ope @r more

(pmm:@nﬁs#tﬂee@@mgaumw one or nore cytopore 2
m crocarders. .CM. mcrospheres have a highly charged

surface-| ayer of-carboxyl-groups derived from 25 a
sopbtyyaiesnalin pla reiptive todhe rimsasigy hewcwre jabelingmsdion smaller
poﬂ@ﬁ&e%‘é@n b@ﬁaizw&l pbﬂh;é%@@dﬁhle'r c but retains
08 a e PR Sl SO il i o S T it
c aP%f@'?{fy Ithrepghei thesergedheny apd so 9@%11@69@ c#fl-ghseparated from
COBRRBhpIA WilBSt affectifd @;@natb@héﬂteetsurﬁt&p to 1M unival ent
[‘? l'I'lt\e)ly are sepaq)l\ellfr%m c% umtsWI h w han cgmeﬂa g’ cgrgp lex under
conditions which do not perturb the unique quahtles of the tags
iv. They are made of one or more Tnert substances which. de not substantially affect
4he biology of the cell unit and which intum-is.not affected by-tbeceli-units-or their
biology;
v. They are obiainable 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 ayfomaled.

In one embodiment, the fag is a microsphere - such as a fluorescent andfor coloured

microsphere.
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bi onol ecul es, but nuch | ess strongly than hydrophobic
m crospheres. 3a I n sone enbodi nents, conjugates of
m crospheres and proteins, e.g. streptavidin are
prepared. For exanple, conjugates with CWML
woucraspher es may be prepared as fol | ows. CRET/GBHO6/003186
m cr ospheres may be actiyated using a water sol uble
carbodii m de reagent that makes the carboxyl groups
reactive with primary am nes on the proteins to be

Mopaég%t fﬂgﬂ dﬁf urfagt nYQo%p%QrZé %@Weﬁ@é@%ﬁ&@ﬁ%&%mﬁﬂoﬂ

. ared odi e
pregipitagior] #ic. amépmqs%%bpe'vﬁﬁﬁ%% BT"E @eﬁc?oaawﬁ%%&@'“%
anddt e bR, Q’éfaﬁrﬁhﬁle inT i earjphyotfesizas, denslies seplopesdels. for expaple
fl‘Ul‘(la;?lg(? %‘Ueg'penslré Pa(PQBnQ@n&AaUSA’)norOfBa%QS MEdfdtoried 1800

m crospheres is prepared in the
(FisheesdlNi W¥Mbuf fer. One vol ume protein solution to ten 5

vol unes mi crosphere suspension is prepared and the

A %ﬁ'ﬁ%ﬁ? 0} %ﬁ@&g Qe il ﬁllé%ly% (PEPQr'iH E@Bﬁ@ﬂlﬁﬁwﬂeﬁzérﬂr

ut ion of 1 dé eth E_b
corplyeeh  (SIB/E) 3icEHSRASThy RN (75 wis etk dniate
(pmmplel qdaalymﬂtomaieer (R/Thr epavreub/laahﬁﬁleu%ed (Sfﬁhméf’wyé]ey
stvfﬁng/ajggl%i?eﬁe S uny, %J%@ﬁ%ﬂ%&@ inficrbdpReres can be

enS|on Is add d t 0
foncioneisesi o b SRIpIEERIPE B 6 e O S Hino
furlﬁlﬂcgéhzea_ e nilrBgemicohtdinieg |cempcnmd$3 dike driroaty, Fevaeans tegary, and

quﬁjﬁwaw %Il\l\ﬁa%g arﬂ‘n%rs ZroRaky §mﬁ‘1&s r RANPyHERERE With loffer altemative

is renoved and stored in st orage
comyﬁg@achop@tpélpﬁ%% 8% CML and ot her microspheres

can be obtained in various formats - such as various

SLi;:t L%j Iy r&'grfge-épshgi U€q hﬁf’%hlhg Frﬁ‘c%‘sphéf@'hh@é’\/smtbﬂﬂyﬂmk)mcm@hereus

orescel.n (are )
a PPU@Y@BQ:@'?TO %ra) NMygpt P’I"f?g el a&‘gﬂ mRﬁ%  Syface-modied
miglo§@iR)e AltH a¥ ar coosylate msirr(aé §CMB), micrepphereiipry Dykp geientiiic
%a_g[sol gﬁm &p@sg 6- gm (4.10 x 109 beads/gram).

ot her n1crospheres may be prepared such that
they are-loaded with one or 20 nore visible dyes

In@Ré babodirheng oopanas CMLMigperheleh 8t cRBpIExed foggther with qog or
‘miécgb%ﬁgg SSiers@l €- Not . coated wi th proteins.
v

ageously, CM.L m crospteres not coated with
proteins- (eg. streptavidin)-are highly

25
CRIE gdrbsphbrys hdvamgiailyahargeceyiagetes of- %ﬂk‘tﬂ?ﬂéﬁﬂ"?s feriypd g
a bSho 9&‘% rm:&:g Oﬁ\@rsﬁr'fsﬁzﬁgfs devaﬁ& ;ﬁ)&iﬂﬁ yindarelativgdly hydrophilic,
o T P ERLE ks ran
béyedporEh 'U?TBE'EPFEF’E%”F% 8 Crarbadib ges.
from about 10-125 A* per carboxyl group, and they are stable to high concentrations-of
electrolytes (up to ANt .univalent salt). The CML latex will adsorb proteins and other

biomolecules, but much less strongly than hydrophobic microspheres.

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

prepared.

For example, conjugates with CML ricrospheres may be prepared as follows. CML
microspheres 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
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 theOtcation tagferd a8 mc@trﬁﬂo@r@fn‘g}) Mo et

required to give bul k compl exes may be as | ow as
about 1:1. In previous.-systens that the present
i nventors have used a ratio of about 1:250-was
equired in order to obtain even a few bo
%H@H"’%"ﬁpl ex after nultiple washes. 3D By v ?]G'iﬁ(%?/odsnss
various paraneters in thesfabrication process,
commercial mcrosphere providers - such as Bangs
Laboratories - can manufacture bead sets which can be
mMjl fe%&f&gu%md apaﬁﬁd 6N ,gll bleparbdng sBaidhsn ( ecefpte berad?-IN-
4m an B Bead 6&45@&5&@&%
moghalBoigTRFRaNT i R Rl A drorsr” 306 Do

rnDre StlngUIS

Prc VY nf‘i?B%FPg}
mll.‘? pH&eé B ;Qé;;d‘r&f ﬁ‘ﬂnché ?éacﬁdﬁ&ﬂrﬁélg et Yohanss pratgineselution to ten

tior escent t
volgpes BICEHIPhLy é%*ypﬁﬁ% B |p?e1p er ent“p h%srgtgtu}é?%ﬁ\n%{%érrﬁugaz jf-
o OMDoRPE A ABR T PGS G SREOB UL (Mol of 1-etiyt 3.
dlmrﬁr}l%raﬁﬂoﬁlrokﬁin&%ﬁdnnm ?@A@ﬁ fh Beoriclandiedist peranel and used

mgpdiaehgiA gairHaRY dgsgghtr I soqutton fo REGREDLAGYous dp-EﬁQon is

tag sl ze an
adiﬂéd.kﬁﬂ(md‘lﬂﬂ ef {he aekchign iiere afdﬁt@@ﬁ tq grﬁ ér@? iy O-4NJJag. The
|)8 rgqg %m& L enbitey b fidngnaiebionr 2| puasttrogu HempersTag
|

versity may pe of fluorophore
U@Wpﬁ%‘?“??‘?’E‘Q’e‘iﬁ'é%ﬂ%re%ﬁﬁ{nbage?%%%ed with either U2 5
or St arf| re Red); size (eg. for each fluorophore

Lo S a varidhs ats — &
a egnhs CY SEU]% BL@IE%ETOQ)%@I’@ SinAR%btaked 4k 8ch

m crons) and uant |
asf va%ﬁﬁ@ise(eehéﬂf‘ec&?dr YEs V%'F"P’f E‘ggﬁ’t M e)rﬁlg?rtg N
Fhﬁﬁé‘s@ezﬁi Yfedth, cFl@waickia lbd)ar FOofvegeinf ¢n§d¥@ﬂﬁb‘ﬂ‘é ged H3Ch a%i’s
bl dnlene-hen ysed s ac’
Vaﬂ%Llseﬁ'i‘est %eeq‘ g¥4 ﬁ%gg%j%@cdi Ff eﬂreg{]‘h't%%@gs on a%gl ven
bdgdsigtam))such as the TRITC filter (ex 540/ 25; dm 565;

be 605/55) for TRITC visualization -from N kon; the

DAP ter 4 0 QR 112 b3 SrediBRed uth obb/2r
Gm?ﬁ%ﬁlh?aﬂcmg&?eré hy prelgit%]e GFP-B filter (ex
md@@ﬁ@@@yewﬂdgmﬁum?@o'@io 560) for FITC visualization

fromN kon and the Cy5 filter set (cat- no 41008
oM A : L 4Bakth profein
In\;)ngﬁrg??u@]&?n? tarP% r%&kfﬁ%):mﬁﬁ?l&fé b lot £t proteins.

crespheres can be dyed internally
or externally, with visible or fluorescent dyes.

A&J&hﬁgaﬁlsry chyMil IR@roepieassssiotdveated withprottine (¢as siraptaxiginkire Fiohly
a%\?e ts h elgrPn% %Fu? ﬁ%@ %ﬁ@?rm%mebmmﬁtqb |CX{to|§Nre miGo&kieRy whick

ution contaipni

e TR s i PR 2y Rl

réAM@edl {8 ghOBLMGBIngBxdsandyite ssUow azdbaof 1:0hie AFvisHe SysiFaISdhat
ﬂﬁ qr?fegtdh\lr% o%ﬁa%e 'EQQ} 5 l’a%@'bf %upf 250 \g\'g—reﬂihzféﬂ @s@abere obtain

|ocyanate -derivative_as
even a few bound tags in each complex afier multiple washes.

By varying various parameters 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 4.4um and 5.5um diameter).
Beads within each size group can be furthermore distinguished from each other based
on differing fluorescence intensity owing o differential loading with a single fluorescent

dye. [t is possible to use many different dyes with different absorption or emission
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descri bed herein. Accordingly, in sone enbodi nents,
the m crosphere may be dyed internally or
externally, with visible-or quorescent dyes. 25
It-is furthernore possible to use 'quantum dots

wooeraizseoa very hi gh nunber of different flﬁ%?’ég%f’éﬂ?“ﬂ“

| abel s which can be read-8&bnveniently. Thus, in a

further enbodi ment-of the present invention, Quantum

dots instead- of fluorophores are used. -in certain
chardoleddtiog Nivlich qesmn tbemattehed do ethpr edcercabibe deseribed  thiein.

Aéo@r%ﬁ'nfglg dg,grrsﬁg%a{ RS f&)nL\% a3y éﬁe%ﬁ)a)ﬂmgﬂmemaﬁgeaé

| NSt ance uor ophore known
flyop, ‘"Eﬁﬁiyband&réﬂ%rﬂp'ﬁ’l'?d'd%wc"ﬁ‘ﬁi”?‘?“t ﬂfeaawaw g divargly may
resuliritoan thé tyge Bi fGraphere ittebg @by (eh aretiechnibe iddded ol kitheald?
oraét&rr@' éefdé %t(eg %@é&%ﬁ Yi&FodhSld tﬁQIe Yre Qmefremegetsae{%r

I_ncor por at Into mcrospheres at the tine
%bliﬁr?eﬁ i 4 9%"’&‘6‘]"&%?%’%&8‘3 Agiive §° fiyorophaes, digy cary ©
diffepardl infegsitids of tadhilye are@uailable)n Qivdr Su@mophoss aishictdserRITC may

/ colours and they can be excited at the same 35

wavel ength so allowi ng visualization of multiple
colours without filters, by using a colour CCD
Fikspsmeanahenfarusbeto deteckite stuerst 4 diffegentatyesom amp gigera bead m such

asqgr!- h‘@ fﬁ&a(laJ( @-m ?5 den%VQ Gi3Ba 1@?%9@ v:suakzatlon from Nikon;
06/.003 Use6, 5

2
*hﬁgéﬁ'd’étfb@i ﬁ%ﬁao 8@64022%3 %%1428 1'5‘5*’6?1'0" fot Niors the
GIUSB filBst 9x486-5UEGIM 5, Bl O—mem U4 ByizatiBP R NBO 0GR
CyafRer38ct fd 4 mdé%n@%rﬁ’@?ecmk&% yYiorstafite RédHsuatidh26.
US6, 426, 513 and US6, 444, 143 Advant ageously, the
tags are protected agai nst degradati on by the
Micespherse iag tef diteldeintegelyl orc eptierpailg, witho visighe agrplluerdssent dyes.

1m‘éh§§iy§'@+ %%Prg%r%fﬁ m}eggg ks 1H1t§§k§1b@ fato%e -mgro@maasawwy by
oo B0 REomTS. i Ao BT B o Lo P, Fternal

metifcationbpcurheshen @ dyegs mjmteuhosl@ $urfern &athg gnicrosphere, for
indtHRO T RS HchRR NG - Cl(ﬁE'rﬁ&@%)ﬂeﬂeNmth SN othi@Dshate derivative as

ulation may be used to standardi se tag dosage
d“fﬁ%ﬁgg‘??'?on to providing 10 --conponents for
tag-anplification and/or detection (for exanpl eby

AdREAMEIAT MO s&RdX dPftolRlchits, B k& pMdrt hn%' BbAgyed Ohternally or
e acconplished by a variety of

t
*}%@tﬁﬁﬁ&é‘%ﬂﬁ%{@%ﬁ%%gf?%ée skilled in the art.

Met hods i nclude mass spectronetry, -nuclear magnetic

A lt% %ﬁﬁ&%ﬁ?@posé‘a&g e ‘Bintumldotoblati S@hy Bgh ket Sfiferent

T
presebio divemion.s Queniume dpheinstagrs of yiplorahdrgs are used. -n certain
embodiments, quantum dots are preferable due to the fact they do not fade (photo-
bleach) when exposed-te light. For instance the fluorophore FITC is known to photo-
bleach and cell units treated with tags containing FiTC are ideally handled in the dark
and are difficult to analyse reliably. Quanium dots may be incorporated into
microspheres at the time of polymerizing the polystyrene resulting in even loading of
tags, . Quantum dois are available in many colours and they can be excited at the same
wavelength so allowing visualization of multipie colours without filers, by using a colour
CCD camera. Further background information on Quantum dots is available from
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contain a colour or a fluorophore then m croscopy,
spectroscopy, imge analysis and/or fluorescence
detection are used. 20- The tags do not necessarily
have -to -be distinguished by their chem cal. or
woRbB&ylear structure in the first instancerPCMiBRiOpDES186
vari ations of the non-chegical tagging strategy can
be devised to determne the identity of a given cel
unit in a mxture or of deducing-the- identity of the

Ugﬁgi% SEANT G % é?ﬁ‘é@’l ts LH%@(S 1664%4' Seu% 4§3>SBW e Ue%%1 303,

ce 0 cal I sua tagg&{% ve
UBeate. ‘é?@scrqaﬁééa ﬁ/ﬁ’er eusﬁﬁ‘ﬁ‘f é‘f%nt U§¥9.9§’884506%J e 935,470,
uss aphialie/251203,a5851 0,d26) hise @& 5 3rand UBS e448M3. col our s
denote the identity of .a sanple (for exan‘pl e see
-1998, Quiles et al, ec(i;;ew Chem | ntl E% If
Agvpntagerpgly, the)ieom are RBipged AgRiRst Hegfa)@aﬂowmhe compbnénts Of tho
celBlific0 961 6%, bivemabiealdorT ethan alodifitation oftynencapsulation.

Erlij’cealﬁgdialf@ \(}ﬁ%{l/ %ﬂltgk @ inh ;ﬁgnmergg n%dﬁhﬁr &%Q‘lpre%l bé£fd as

Accar
alfapdy H@qcnl@glmef’qm t ﬁléﬁhe’élsl o$rffﬁyn &@a;s d_aE ?Fﬁneéxlnc (lglshers IN,
uenmaﬁd éﬂcﬁ;g;ulaamn%wmaséd foestandargise fag desage [paddition to providing

-coth porne%‘t@’foF faggm P}iﬁi@zﬂmﬁ al a%%gtlotn%r exhhBik &R bloViding PER -primers

m-crocarri as a net arge. It may conprise,
fop yepswithia YA 89insi st essential ly of protein,
cel l ul ose, polyethylene, polystyrol, glass- col | agen,

D%%LAO%%ZE%? c%ﬁ b ﬁl‘.&%ﬁsﬁ@@by Q gi\ﬁéw m@ﬁ%&ém@ﬂt@%b% skll]ed in

crocarrier nma e sel ected
S

hybyitiegton e adfigeh Cdet:An, eslectraptOpdssp GrestiBsciy, 200FGRB.2 YTage
atey %s%@ér@g %Ie%gtlmnsétcm 1 1588 ehibSdimenrfs, Gikd 'tﬁeolagé' typically

crocarrer, her-G nicrocarrier, .
canie R Splprs or fuorpRhore T} FEICRH PPECICHOPY: éfﬁ?ﬁf anglysis and/or
filreédcaeardeieaion a@ruskdif ormatri x mcrocarrier, a

M crosphere mcrocanier, a Siran m crocaner, and a

M croporous MC nicrocanijer, 5 Suitabl the r
They fpop Slo ok peressarty hayz P B dﬁ“f}ﬁﬁt??%%%‘@%v( b egfigel o "%%8&?’
stuchl¥é irthd fies Bistanae. mmﬂewmailoﬁﬁwﬂmnemd@pwgkfeggm;ﬁi@emacan

b& %@%% ﬂét&nfﬂé%é Id@ﬁhty( 9\4—&\:&}? &aﬁ Qﬁnpih %rrﬁ'mllerbr%f Eéu‘ut;:h@ khe.
| S a- ﬁartlc

Sy ajhg ditip P H%%é&m{"ésé’ TORRE FB P OPHRgor visual
nMedRENLT Bogiey have nheeh Slescriverh where- differepbsiwiped okiseis rararhicaly -

eﬁéodgéﬁéj%o%eﬂrﬁ colditls de§dﬂ& Iﬂ1ea§entt@|o¥1 HisBin alsﬁl@‘(foﬂ_@ﬁmpie see

nanow coated w th
a5, Gites sl MpogoRem-a0 b Erg or RO BRRR B PaboliE
Ukt -8B Blosgshces) Menabretidectiolibies. Ghentalrlam)10  pM or | ess
in length. The nanow re may be a nanowire as
descri bed in Science vof 137-

1
Suitablyy HiF f9IMAY be R charesy e g9 ;fslyge elYfllpfléqeéA}?@( ?08 firig, é{d;n 2

fusibamdspect, dimngis ipsividgd a aomplex aomprisingsg microcarrier — such as a porous
microcarrier -- and a charged tag.

Typically, the microcarrier has a net charge. It may comprise, consist or consist
essentially of protein, cellulose, polyethylene, polystyrol, glass. collagen, collagen-
gylcose-aminoglycan and/or gelatin. Accordingly, the microcarrier may be selected from
the group consisting of a Cytopore microcarrier, a Cytopore 1 microcarrier, a Cytopore 2
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and a nanowire- Briefly, nanowires are nultinetal
mcrorods intrinsically encoded with subm croneter
stripes. Conplex patterns can be generated by
sequential electrochem cal deposition of netal ions
wonmbpesBmpl ates with uniformy sized pores. PCT/GB2006/003186
Advant ageously, the nanowges are small enough to be
used as tags that-nmay be added 20 after each split.
This is nore convenient as it is necessary to read

mnfrs%?rﬁg,gl%/ galp%ph%r mi é;%%gﬁ-h%ﬂ gecmsgﬁé?@ﬁﬁdrﬁzérﬁer BatafsBhe&GL

) he
micrmcdmied @ndba tCU&lﬁiélehﬁtmquaFﬂef & IW@“@F%@“W&%{'P& ﬁnﬂ'cmsﬁ‘ere

miBbQRRY d Sien ARddRRiclRhdd MaogosisMOmicobareane
enbodi ment, -the 25 optical properties are selected
fromthe group consisting of: |light ref] eCt'Véprl o’
Sy, torscHeraptaa 6 PRI SUEY b7 P RRT gl oo S bt offess

in MBIV, ELE NEHE MicrsBh&H fnay b8 clrbtigRsaeitiee (GMH) siianhere.
wavel engt h(s) and tne fl uorescence em ssion
intensity. In sone enbodi nents, the rod-s

ed .
In paurtiEcébodiments thedag 's & frd-sheprowipiige; SUlaRy. é?%‘&ﬁﬂaf’e‘é o
a @ﬁﬁgwe e nHﬁdi\ﬁr@ Friddy Ebrﬁ;fnsé hahsidt or cimsist eba@gih e vavipushmetde

- %:g:g gg Eﬁ‘%ﬂ{j@ algxﬁtnf cfwwe iy b8 ggﬁé'dswrtﬂaﬁ&ﬁciﬁeﬁélé LEuch$d&lver

ocarrier. m crocarrlt%
ardiny godnPuitably, the oanoivise +s<ab01¢fd HYjasfese §’sdéﬁl'ﬂ‘1‘% [apg/orgs abou

l\%ﬂ%& &tﬁ" | ul ose, polyethylene, polystyrol, glass.
col T'agen, " col | agen- gyl cose- ami nogl ycan and/ or

gel atin. WO 2007/023297 PCT/ (B2006/ 003186 37 The
THE rRhOGiRY thinelie aragnobie seHesctited it Sopoe(yer lopp!87-141 (2001).

Agcgl%ﬁq' @;ﬂp r%gfg?ﬁer @s%? gﬁgg proviiE® ﬁg;gi;ﬂraléi corﬁmm%‘b@rlﬂﬁb@gi;r
|
anfh & PRSERF - %Peﬂva"a"@t'iretsuaé%ﬁ‘é\t @aﬁﬁ“‘é?%%’%ﬁ‘?ﬂ“s’%a'%m@ h
suBblicrorsqare rsiripks. i drcmmfapr ipatteramndean @8l Qﬁ@ﬁﬁ%’r _by sequential
el%%ﬂ%[‘l%ﬁﬁtf?‘ 468 esitiord B hidfaP idmB tdntoX tefipfe@ GANir#brmlyasized pores.
crospheré mcrocarrier i.ren m.Gr
ARG T T B TEI PRV GHe SRR Ly bR
affdr @ECCEHL. | Bhis fshaibrel neepisdt apilde MesesSAt 1p Feaetags only m the

dz shangdiesm crocarrier is a Cultispher mcrocaner -
ptgsg'c% as a Cﬁltlspher G mcrocarrier, a CQultispher-G

mcrocarrier or a Cultispher-S mcrocarri_er. In one
peainoistienthe bishabed parfide ocwel pe ithet ipapwifes- igiwdp but are not

llmﬁe%ai?tﬁgr c&l%r&ﬂéﬁieg QAa/sMAREAcdMpBEIRHAr Ihicde embodiment, the

t
e bR i oD G PR N ety L s
ligho aregectiviyuif a4 pagisrieu svavelenadis acelpey dhe Jlupreseegre (g™
wiRhNGnR BE thE AlordB6e BMistbRntRABE. M Crocarrers.

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

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

microcarrier — such as a charge neutral microcarrier.

The microcarrier may comprise, consist or consist essentially of protein, cellulose,
polyethylene, polystyrol, glass. cofflagen, collagen-gylcose-aminoglycan andfor gelatin.
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15 Wthout wishing to be bound by an particul ar

theory it is believed that smaller tags penetrate the

pores of the mcrocarriers better and becone jamred

(presumably due to size, asynmmetry). Accordingly
wot2e/imdi ng of nanowires is better than, fEﬁ?T@ﬁ%ﬁ'ﬁﬁﬁ‘?ﬂém‘;

the binding of mcrosphgre tags and results in a

hi gh | evel permanent tagging. 20 In another

enbodi ment one or nore poI ystyrene m crobeads -am

| h
Thegmemesti mespesoip refile wRlSafep %‘*’?ﬁﬁﬁé}a .
Cytdpie tlagicraBmien & divtoperabd ATFFBFRICT thu spher; gmooca
cm%gﬁe‘? @l%icl‘o\éalﬂéfreg dutigpher-Ot RixdOairibsarst 2AulthérsS micecarer,

d in detai ep- a Siran microcarrier, and a
an E’EQ"@?H"F f'?’céo‘ﬁfrl?ﬁr %é\}éms%ééut (re Research 30
Miciopsredst MO ndcroBaigar t nent of Heal th and Human Servi ces.
June 2001.

p: [/ wwv. ni_h. gov/ ne: P Gith - Ak Nfod-hped
In E‘Eﬂwte@ﬁ?‘gm%‘?t {1 TP Bor are %ﬁgﬂ% rate "
micfoefrdéereisca . Cultisphas 'Tl@rogﬁtmelfl— é'dﬁ‘?si’%l ér gﬁtf'%’%ﬁ‘p’(gz{? 2B out?
cutpflr-&o Hﬁéré&Hieeer a ShiRphaa injcrdvaviev ein bog embedimezt, the
pur poses, of t SCUS fdietaRet r4 ShitisphersG
iSRS Byot (et D B 30 b s

eren |ate Into a different cell
ickoeprgier. Exanpl es of stemcells are given bel ow. WO

2007/ 023297 PCT/ GB2006/ 003186 38 Various factors
t hat h | Gollish&seietgs and charge-neutral
Adygniagequ, ’t Fﬁ\a hedR %tgju PQhAt 'Ulrrkﬁ s &%

Polroof "stem ce i.ncl udg} ret |]JH ‘ers.
porags chicraspirigesr mrgistigry Haf Hs“PEhéfi"I‘J"F'C 9 i7ge) o0 B8E Yror ph geni ¢
Waﬂérﬁtvﬁémfg to(t%\lﬁ’&;)nd Hyasi wartfoilbr thbbrsdtt isdrebeven ﬂ‘l'aé@fﬂéln‘ef tags

@ Siol
per(efrg% po%:st ¥ tée mcrocgr{ B0SHRF SdcEHhO kel At amably dueio

e grow h fact
sizé asymonstrys oeqcerdhxsbrgfaﬁ bigdi ?gggﬁ#f?m‘”"ieﬁ fsq?ﬂ“%rn‘ga" ?"é g%%$ e
birkiAly 6f thigidlitRrefiagd dndbsult=gn ahigh besipermenetigsiige col ony
stinmulating factor (Gw CSF), erythrop0| et| n vitam n
D3, dexanet hasone, P-nercaptoeth
In hytdhanﬁy@ndi%lp‘%on%mﬁ%{EWWﬁfrﬁ‘? ﬂ%’% Si nsu (?tg ?igecd
witl @hdBRoré Taisphbi-E midraatrials. cal f ser um vascul ar
endot helial growmh factor (VEGF), steel factor,
variations in ox%/a@en 10 concent rati on, ascorbic acid,

Fogsaieyerehodipteotspihatas,'s it & BNARHi de, pl atel et derived
growm h- factor (PDGF), cAWMP, various cell-adhesion

Ingg{lgécu%)gynqudth?f%sg LALEShapa@iders. In addition to

ors, It 1s likely that undefined
extracts, such as condltl oned nedia, human and

s@iidet. tissue honobgenates, or plant extracts can be
~used to direct stemcell differentiation.

Progressive fractionation of these undefined exbracts
Stem\eelsi zpd disscribed in detail in Stem Cells: Scientific Progress and Future

Directions. Department of  Health and Human Services. June 2001
http:llww.nih.gov!newslstemcell!scireport.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
purposes of this discussion a key characteristic is the ability to differentiate into a

different cell type. Examples of stem cells are given below.
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15 active fractions or evenpure conponents wth high
potency. These factors can be added to the growh
medi umused- in a particul ar experinent, either
al one, or in conbination, or in a defined -order
wonTie319s cruci al -to the experi ment aLr esul t PEEERHOH/BF186
of cell units 20 Goupszgf cells (cell: colonies)
can be grown in cell culture under various conditions
and the colony=-can largely nmaintain-its integrity
under various conditions, when di sturbed - -and when
m xed with other colonies. Such % - or colfo |e€s;el
Variue facgdfre thab daveobgrerisp o é@”cet:@felceﬂrﬂ erentigig of Segh °BF

incfd: | rettdict ScidrBapideemdl clibwti eldcioh YEGRY bofe motphiegehist proigins
raw.ng 2o SLRRL pRviiBRbibtbeta-
m@lf‘%’%’f’?’%%%%‘%%%ﬁ“&ﬁ%@@% I fA?ng%?’glg feratian
1 (0BG UFD, hephtoeyte gerwd) f?gt%rﬂe!%egf@ﬁ?‘rf?%‘?rs °"E°h dgafirg H?EF”
mté%gmﬁs W5y, m%hémhs @)t @emmme mi@fophege calony shmglmmgrim
e-sarme  col o ener
(Mo rovanRy. R, D P e Bisonp fieREBiEbr Ghbkea
hydsonyaisol, &-azacytidise BWRO, nswigr yrpidofforpene Eré} |Lie ofP‘?ﬁ’fy’;a'f
so T R R o Ll o s Hi PR LA
coRRE g 256 (ST SeE el i Dapeffert ol
fach (PINYF)| bATEP, NMatidusplett adizesion endiecalee apy] sUbEEPies af"h 8‘¥'9f§a'ﬁ‘e
addit n%? ke d me:pi%@&% i@fs%k@?@llaﬁ@deﬁr@@@xﬁda&r @ickviad borldtionsd
QD transfer of Cel I t ';%l'gns cam%q.lsfe to direct
m@éﬁof“ﬁ%ﬁ“ a“Ar?"I"WbB?SP%H?m%V%ﬁ‘T 3@8 W ormng cell unjts
stefNcam @bfietnBatibis regressivé Fadtheetion hicthesghdeiapdoxirags may o el
‘?faa‘.‘ g SrJVEH? Lﬁéhﬁ%ﬁ&@ﬁhﬂ gtN6tdne TRseBhciRs SMticatiiean
La ? scrihe hﬁ%él&e or i) combination, or
to Q’@@W’@Q’BE‘@‘?“ F‘i‘?ﬁ'@%ﬁ% B PRy R En el S are
in @ BEnned ofersimich isserudzdito theppetrenjalissitbe treated as a
suspension culture. A comon nethod of growi ng cells
Fon smal | carrl ers is referred to as mcrocarrier cell

¥ M crocarrier cell culture, Princi pl es
and Methods', Edition AN available from5 Anmersham

i 0S - Mt \§REMPAFAIseAnditibns bsd
Grgmsoﬁgég?%ey é‘ﬁ S}é%g%')ﬁg%w géeggarurl er dgullt u“rfh%%d%mbem
they s@wyt@ﬁm@k’ gty inteRtity 6‘8%%7 vatiops, copdifions
arﬁrv@ﬂhl &lle@ With Btherf (&:ldmt 8udh wbupsor t@doriES G0 nefegrp«é fo hepajn as

'%n%n ' facGigldsl BY WayPbalusRAtion KEyobwind

%sp %t%ca at e éjgnaunber W ay"‘éi ? E%r%t?on%%&ﬁs
cei'ma%whes@p@mﬂmﬁﬂ %%Sl@éﬁf?f?%%“ ﬁﬁﬁa’%eés AT Pral

fﬁ.LF sdinp bl d'léQ:taﬁlers\I\ﬂhe diughtea nell avillattechr @t the: Wmﬁa@ﬁégnd formy

gﬁﬁeg yen cc){ong i %%Fx&gl R SNBlcht &ls. 6 nét rBiatitgl didBstiaterom

thelr growth substrate, and so the integrty of the cell colony persists despiie any

mechanical manipulation of the carrier, agitation of the culture medium, or transfer into

another tissue culture system. Similarly, if at any time multiple carriers are placed in the
same vessel {e.g. beads are pooled) then there will be no substantial transfer of cells

from one bead to ancther.

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

herein.
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addi tion the nunber of cells used to inoculate a
m crocarrier culture can be worked out and vari ed.
15 Harvesting of cells grown on the mcrocarriers
descri bed herein, or |iberation of [abels from
woBostRsarri ers, can be achieved by enzymati BCT/GB2006/003186
detachnment of cells, and/or by digestion of the
carrier where appli cabl e%as descri bed- her ei n.
Separation of tags fromlabelled cell units 20 In a
further aspect, the present invention provides
i nproved met hods for the separation of tags from
whé&ddis HB8ighdim(oR gmalke bimarmihes caumfeaied ds @isugpension culture. A

m crocaryier {57 QU o WiBFe D Eisrgacaate ool
COmMmMANPETe drdf%r e{% ?éri%gjﬂce with t Y-

e e,
cult@s (WGr Micrecarties soll atae NGRS M‘Slé%jsr n‘%ﬁé%tﬂé ?&tﬁée such
Amérlaié?etm Blagcisnbaie-1per- aayBteesis inofrperaiet in @gsﬂﬁ@&h%@fﬂe“@

sured faifhfull 1AGRMSSY ¥nd INREBroh peoduetips -in
M'CE’F%”'? Parst & -l-lsllélrjl %‘P er {r&g be ana’lL yged by an
fermengars 'efalPiO‘l'PQPHffﬁf such-as by mcroscopy - they are

furthernmore obtained in close proximty to 30 each
HHEY 6REn e éaaﬁ@%dlcmﬂe \teriumhed of
re PRgARl U GEP iR SRR
cargarp eead, in g @)ﬁ?@flmgnt.p TR/ FAFEE gaghgéa %{g eo?sdtgég grog?%gvhgh |
carPE R G4ty O iand subseqrieuiiyaenardddry suRiingn figyl medidm. n-
adt%‘.,,onqtéé rf’dnfb%r Eg&%ﬁﬁs%@ 1Pho&Rf ARfidratgrispiutureaapbexwomed buta

erein said mcrocarrier conprises,
and\snsg.- sts or consists essentially of protein. WO

2_007/ 023297 PCT/ GB_ZOOG/ 00318_6 40 Sui tab! y, the
Hamgé:tfnﬁ%?r 'F?F w%‘-.q{%é SR SocafBRScSEbe® horsiaNs btiation of labels

colla and/ or h
ounToS AT, S PO ARG Bl raioTa Pt or SHE Nardor by
d@&ﬁﬁheﬂﬂéEmﬁﬁmmaeﬁm¢ﬁwhhﬁmakﬁmﬂﬁdhﬂﬁmocarr|er and

Cul tispher-S mcrocarrier). 5 The protease may be

pr ot ei nase K typsin, .thernolysin and/ or caspase. If
Sepayation ofitagst AgveR S iase K then in some

enbodi ments, it is used in an anobunt of about

Ina flfr{’[l{/emasgt&!et D Er%sencP‘M\!&ﬁgll Hrovnﬁélﬁn@@ﬂﬁﬂ thd:dS fordimg septration

nase O 60 m nut es.
OfEGFfT%IBP?" U"tt%‘égtcﬁprﬁ"“@fomge’?gr‘@é& g W th the protease
in a volune 10 of about 5 Id or less. In a further

AdERE rrpq:e‘aush} Qﬁé@mé fagP E:Q\éleﬁiﬁéie@mrae&dﬁMc;ém tepeihadsidegpribed

thel Bf BAIQ
nerei sy 2 e T Aot S SR e ol Eg'grs“té%ﬁ Fpen
can be measured faithiully.

Advantageously, when the tags are separated -in order to be analysed by an opticak
method - such-as by microscopy - they are furthermore obtained in close proxXimity io
each other such that the they can be imaged conveniently {eg. using just one or two

image fields).

In one aspect, there is provided a method for separating a complex comprising a
microcarrier and a tag, comprising the step of contacting said complex with a proteass,

wherein sald micrecarmier comprises, consists or consists essentially of protein.
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contacting said conplex with acid. 15 Suitably, the

m crocarder has a net charge and nmay conpri se,

consi st or consist essentially -of cellulose. Thus,

by way of exanple, the mcrocarrier may be a Cytopore
wodosTi@earrier - such-as is a Cytopore 2 ni cPEHGBRI0EP03186

20 In sonme enbodi nents, the tag-is a sphere - such as

a -mcrosphere - that conprises, consists or

consi sts essentially of polystyrene. In sone

enbodi ments, the ta &b éﬂﬁhmme
SufgoH QB RITRSEoS YR 6y S F B RoRhar s a1 euie

gelhtinbesualt aom Colfisphatywicopasiar fRoea GBIB%PP*PF& mICTEHT Sg’r”’é%p gr'
GLlnﬁ%ocaMéﬁé&Cbahwﬁeﬁs&mdéaﬁaﬁ/ or sul phuric acid) or

I um hypochi orite and/or sodium hydroxide in
addition to other reagents - such as trypsin-F.DTA,
The pibleateasay, beprateinissds BPK. egPYysEGHtRE BPTTI de- (eg. - 5M
sodi um chl ori de}. 30 I n sone enbodi nents, the reagent

i s hyd hl o o
If tlgé p@éa%eg%aﬁélﬁ%ei}% thep i éo%'fe én%%gﬁ%eﬁn{%)s’@&? ﬁ?riﬁd;:iqj £ I:;
abbus 050 eMmbiep GeithlY: regomplgeis pﬁn%qéu@r%?;ﬁp%ﬁ{ G

abé%_&%ﬁﬁn ilufos@ SIS RSomPEX RABTAGRBEIGYthe protease in a volume
/ (B2006/ 003186 41 In sone enbodi nents, the

of phoybRMOr BSS- 2 protei nase K. Suitably, the digestion of
the one or nore microcarriers is carried out on an

in 3P keple, %eﬁqe?%ﬁﬁsnms@“em@ﬂ oo o
sliae. 1S A | theostep of

mIGRFAIRT s SUith/2h fa BB ™ ?C%r%eqna%'{ea??at?& Fos gu °

coftatting bhiy cortpitex wgilivecidce is treated to pr event the
spreading of a liquid containing the mcrocarrier,
for instance usi g 2 si | nj Si St |§¢,r@g) f,.ag@@tgt

Sujtablys, fie AHFrHcaTH D gc%rarq%eé@ {ngy be !N% ested % >

esp@BRINCT coluidbst Tlmhsedy wait efrexBPle: é'i*?owf%ﬁfye AN

il %ﬂéﬂﬁrsﬁ ryfo?oréﬂﬁmﬁ&ﬁtﬂmeed to the surface in a
m ni mal vol unme o iquid Suitably, the surface is
heated to achi eve conpl ete dehydratio

f
InnSome @odpdinents, thedrg is @ sgbRier SUEHE § EbcgﬂngeF? R ré‘“ o peLEes

odnBLS oPlRUEE bidaatiAly sRiySHkne. 15 | n order to-carry-out
mcrocarrier digestion in a mninml volune,

preferably less than 5111 and nore preferably |ess
intshaa eRbddimertsh thedpgis atrpbihiapad NgEke 5 PH@gasi HPR W di fi ed
box.

Various reagents may be used for the liberation of tags from microcarrier — stich as acid
(eg. Hydrocholoric acid and/or sulphuric acid) or sodium hypochlorite -and/or sodium
hydroxide irr addition to other reagents — such as trypsin'EDTA, csliulase, proteinase *,
and sodum-chloride- (8g. 5M sodiom chloride}.

In some embodiments, the reagent is hydrochloric acid, preferably 37% hydrochioric acid
{about 12 M).

_ In some embodiments, the reagent is sodium hypochlorite.

In some embodiments, the reagent is a protease.
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In some enbodi nents, -the digestion is achieved

usi ng- one or nore proteases. The 20 protease

solution is typically dispended directly onto the

dried mcrocarriers and placed in the humdified
wdyr8nee the mcrocarriers have di ssol vede(CTprwend3yse

30-60m ns) the slides ap e renmoved from the

hum di fi ed box to check #or conpl ete digestion. The

prot ease solution is evaporated and conpl ete drying

of the rel eased t%gs onto.the slide- is provided for

In sopme gmperinerite hedgRaeftds HROENETS/Sed. 25 In sone

enbodi nents, the digestion of the one or nore

o LBF S kS GRY &rifSle HithodaflieR is Ehrfitd otrdny arf oieslpr
su {P'%gifeq% %hﬁﬁh as those manyf t;sua[lig\?s%%vgﬁ’&?ﬂ%fn%fn e
clearypugace g suas atqlﬁst"‘ﬁ‘ﬂ%sgo%%}-%e reated to prevént the
whicR @ aidfaneaedad ke no mgtetig islestonce they are |i berated

fromthe mcrocarriers. 30 In sone enbodi nents, the

tubes are placed in a P chi ne. al i ining th

Sl e BBBr i B BRI OF HAosg s i bitnicg e

midrbtarRRr metahteneing pesifiansing dsiteisiedd @9¢11td, al | owi ng for
use of 35 mininmal volunes of |iquid. WO 2007/023297

PCT/ GB2006/ 003186 42 i tabl QNGE.
Sutsbys TRAVEOTIES oI 75 S AL Gapps Sell B Sholbir
tratdaef mbdigrg shd/oreaks 2 anpied o thexgpeigeegh aimipimal ygipde offighic o
obt ai ned (using, for exanple, a mcroscopic

techni que). The i S may t (Yo W d
S PR IR o P BT g et o rers an
to hdhietel e tagesip detsurfedeetins prevealingdlissesdli ded a net hod for

identifying one or nore tags that are obtained or

obtai nable fromone or .nore cell units Y
In gideffs-cafy o BjerocarsnsigRstionyn A TANEE) "Pmﬂ‘ﬁi ?‘%@%BQ ﬁ%’s tﬂﬁré%ﬂle
ank A@eSdrefelahl) 1e8PIhak HiBe Qigestion is perdmedirgesmilicd hex.
tag(s (eg. by using a mcroscopic technique); and

(c) analysing the inmages to deternmine one or 10 nore
infsomib Widedidbnis, ltee digagfion Suiattadyey using €7@ 9B MSFe Aigleases. The

bt A 18 lADehiRY dRE:1Y S/ tieOdried @li@sdairiess and placed
??L%%%gﬁﬁmg%fy%ur é’ ni gt,or% of the dI%SeI’Jed %%Jiiﬁ)sefebrﬁﬂ%) the
in i Rurnidifed bp g 0RSe e MIAREMPEESF TCFh A ity
sl nadoredatons thd hlmidited bmxetoothegefargomplete digestion.  The
protease solution is evaporaied and complete drying of the released tags onto ihe slide-
is provided for tp aifow the tags to-be analysed.

In some embadiments, the digestion of the one or more micrecarriers is carried out i a
microcentrifuge or PCR tube such as those manufaciured by Eppendorf. The interior of
the tubes may-be treated to prevent the tags from adhering to it once they arediberated

from the microcarriers.

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

ternperature control.

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

minimal volumes of Hquid.
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15 Split-pool cell culture Form ng cell units
(particularly mcroscopic cell units) is furthernore
useful for sanpling rmultiple tissue culture
conditions as each cell"unit-constitutes an easily
wdapgheghyunit that 20 can be -exposed to aPUHGBRHYOBESS
cell- culture-conditions.,Jn accordance with the
present invention, cell groupings are typically
produced by growing cells in mcrocarrier culture,

d the terns- LN
s . gy e arePRaR Gy oi sl pet e R AR ranRe
tagi), lvod o gnore dmaeies 19 the ta@fsgenavubﬁoefrtalaqd 6@"9 F?UW?J?F&B a
mi%:%@gipk' th'l‘xﬁlqbe‘? The InRigh€ tha thedeGoaied ad aetemdineCaiel or more
|tU{ﬁ%Or split pool-celt culture and in one
ealEs A e 25 i nvol ves the serial subdividing and
combi ning of groups of cell units in order to sanple
In a'?urltrtelr Bép%cr,ctﬁaje kg idd PPo\Ede@la ighdd fotilidritiying enecli rare s lgﬂan
aspect i nvent i t
orp ARG i, PR o0 St o ol oy B RS ol
septratingthe call unit(pleanyl thsf tag(g); (b) obigining oasf o e ipage of the tag(s)
(e Lﬁmﬁmg /efm.@ésb@vm&&mqa@%dqeﬂnalyﬁmme mabés tpldetemwg;nelor
ps/ cql oni e r
JeRE s B SUEPPEORd ol ot Uy REPBS el
dezteamﬁngrﬂewea culiyregfisieny of thensell wigs) e whigh F@?%%?H"aﬁ fived or
ol2gsded by conmbining and mixing the beads fromthe
different aliquots. This pool can be split again into
X2 nunber of allquots each of which is cultured
b pifsfedalspifure gherlls| ons for a period of tine, and
subsequently al so pooled. This iterative procedure of

S | it |qQMkcuItur|ng and pooling (or pooling,
—%@#¥¥L¥ﬁgﬂaﬂ% cul turing; depending on where one

enters the cycle) cell units 35 allows systematic
F&ﬁi‘ﬁ@l demm@f(pa{mwﬂ;dmfcﬁﬁc@ni cell eiks) Tsdtrthemsore iisefubfdr sampling
mg@glt ltlssue %@Rxge l'):ﬂﬂ)%s a% Qgch & &?ﬁétﬁ%esogn Jagﬁ handled unit that

er wor t he nunbgg g&%ferenH
cafn!pmma%qddﬂg vefrefw@ % G'?‘FG%S%"FQ’PC#P BRI '8 PraY
inG&tilbn, Gl ratigingd @Rdiypit0m prddesddety, grivingegdiaiin rigoteméer culture,

%%d u{éﬁn% it J?aff‘ g%ﬂr%gﬁgt %Io%faf\@ LeRt ar%%gt'j ﬁdt&&%nﬁéaﬂy XA

each round b qgt ste
pﬁflc%%ﬁlqﬁﬁﬁntdﬁ?thqdnf@f sanpling { eege Hmeg; o ‘3“ %5‘5@6‘8‘?&
refdtddtto S8ConkhatRLIiCen a:hlture ar Qﬂiapmlneﬂwﬂmmna inl drgriemdddiment
in@é’l?‘eéet[-n %{ia &lb:!iivi&{jué L o lg?tgpo Qlfbeh AN i Br%eﬁ@r@mple

on t ere ore enbodi es. a

muliplgt ebinaions ¢ oot clve evngitions) ‘wﬂ% &5t /Y H‘ﬁu‘f“ﬁ“ﬂ?‘b the
sl |cﬂ@tbie§ﬁ§iaﬁhg ae linitiat siatterr ailture dovdiifferephstandn epltren) olipadl

um{s Cc? vmedu%t(g SXar l%.ln{nb% h@ da[iqg?t%g%zgclht %&géﬁl% eﬁﬁﬁ.@é bBss
(@omslopPUREaTE™) @H%FTQ@W SRS dt*{?éeﬂg E’&&HP@“"“&
refdwirgl @i tulhecus givenl kit pihe celkt Liits wan be peded heampining and
mixing the beads from the different aliquots. This pool can be split again info Xz number
of aliquots, each of which is cultured under different conditions for a period of time, and
subsequently also pooled. This iterative procedure of splifting, culfuring and pooling (or
pooling, splitting and culturing; depending on where one enters the cycle) cell units
allows systematic sampling of many different combinations of ceil culture conditions. The
complexity of the experiment, or in other words the number of different combinations of



10 single vessel, wherethey are cul tured under
identical conditions, and it-can be carried out
using, only a few culture vessels at any ore- tine
(the nunber of culture vessels in use is equal to

wo he7eamber of split sanples). In many respeCT/&B6/003186
principle of this procegure resenbles that of split
synthesis of large chem cal |ibraries (known as
conbi natorial chem stry), which sanples all possible

ceﬂ@i&%&%}d%%%ﬁ O%lelg'agﬁ? g bet%{"e%% @gfpom%&%‘i’?frgjent%hdﬁihw

(%, Ghem .sXy) yamDed eir hch andté‘ioéq thet the sleg of pasii) @ all thp eeflypits
FW&&%@(A&Q' ShI En be opidriaf = P60 inGdlch aGititédiuenbeashcbleunits

are:jq%olggtﬁm F@Vg\rl{ger E‘%@/ ﬁ%gtsn‘oﬁls mvgnt:o?n%&éf reae[ﬂ‘q)o@igé' a '?iHlWQ&'rof

round
reld@ triethotti b esystemativalyl samlipg rdiple GPBbinlians B’Eéﬁ% ‘i"ﬁ”

LE) of S dhiRakeandbdmnbumr equal to the nunmber
wntdlﬁb%ﬁ%nﬁ%gondltl ons sanpl ed over all-rounds, and

20 assuming that the splitting of cell units- R%?‘%
Regdraiésal dfythe areatisal pannpn Bswhistpa ety gheelt FEpE © ?“Sb'8

san%led @atﬁig nfeafs the b océﬂﬂ}etls tif@ént Basuseanltiptt=f! unitscban share a
according to eac

singl 5P R 41 o et HepiPee “Bﬂm'e{"fbﬁgﬁﬁsbeo&med
outprshg @dlyracfew anlitye vesgele dt ay @&ﬁ'ﬁ?éth@ma of pulture velbin
us@* féq%élel@tth@hhﬁﬂer%?%gﬁtfsbﬁﬁl&)f oF manyyresgcls thy pencinty of fis

fIcClenc 0 r Qn
P“’G?duléef Iyesﬁ %'8?)&%‘? Sr{’gtr gr fog r%ﬁ% %béﬁ&il G‘bgmgg ?mé | 25
coBeinatorb chiefTasty); @@@a@ﬁr@mﬁ% alf peseiRte; ‘i?é‘b'“ﬁft"“g g 1"1!? %FYF%“‘*
chethibd afliidiy besk bﬁﬂpﬁwetgl if6it epamiples Soenbietotial r @henistist Brfelds
Unwpﬂ%rr Pré?%é%ﬁlgb ichag‘SFe ] zé:c{d egp!ﬁl BQ&( Catl diEe Eﬁlﬂﬁét fepdhtad

tiron. The v%ﬁla Iie Y\Ag'a&)
overaamy rermbamys] remctasamarwm@b%efh?ﬂ"afa@% RR P FETREN P
erMpé‘o Io é thd ﬁ@ﬁ’&i’ BiG:ef ﬁhltg(or rblomistideadsdn thisiexerople) is greater

ul ation, r
th%‘uﬁrs?‘?'%’f EP?’E mber of onecﬁt Q4GRS Bmpi Q44 Rt rourds, and

IN ON M Croca
asslumiag tlhdrth@fsplﬁ@ﬂ jof sl |upiksrqscyra iy TAIRp: ! A %gdeﬁ gnat there
wiflbd EEE8AtonE Whll UhiEthaEKHscbebh Raltuseli smgording fie pahtof the various
co gﬁc AN t%to%;c&g&mo%g %gﬁxh% gf {F%)exF&{n%\% Rrhib %ﬁ:ﬁ:@dtﬁa can be

CO-C ri ous é&/c? %F.

uséa fogrampleeaiewth eeifferpntiation GeRATQSE 1951281 £ TRy P fﬁ o
bidH S Sle pﬂsda@cronqaat di6duictionah eryiheapbsitin prritedsrdn) by @y eelt type..
Be(\é%alrésﬁztgezwéée%%rgda Ilt?rggv%gi?g iteall L ﬁﬁ%sﬂn@%ﬁkﬁeﬁ Risk culture

on of anti1sense or ant. - q{’ stem cell

oroivéoicyl s fsage f0R  desgToPRI o) T oS APG" CIEELE

diffdr&htibfdR. $RS Car@ble® WiRA ica e sambled bising 31;2 tephnitye  indide cell
OX St ism). ar

B O pdERoa Ul Faep il iAo, g

“split cell cult
SLpstrqtn)@@ @bropegtif @n ﬁm!@f@cagﬁr), gurﬁt@m of ﬁ?ib%uétgrg daun ht%@g?rlature
dlﬁﬂ?ér{t §uliu% théuiS iriuaing bfferahti cpnexipations of bhretigents). ggowth factors,

ccngi I(PI"&E anqr&Ed <3 unlfen\n% ! ?Fougfoeﬁ; %gé (e'gofb%derm@s) Rl Br plant
exiracts, drugs, other synthetic chemicals, infection with viruses (inch. transgenic
viruses), addition of transgenes, addition of antisense or anti-gene molecules (e.g. RNA|,
triple helix), sensory inputs (in the case of organisms), electrical, light, or red-ox stimuli

and others.
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5 conceive of many different nmeans of achieving this

outcone. In addition to split-pool processes and

variations thereof, it is worthwhile briefly

di scussing split-split processes. A split-split
wnor@s®7i nvol ves subdi viding a group of cePCT/GRMOE005186

| east twice, wthout inggervening pooling of cel

units. If split-split processes are used over a

| arge-nunber of rounds, the nunber of separate

_Etﬁgiggiﬁbgié are generated i ncreases exponentially.
Spljt | ase-it-is inportant to enploy some |evel

of automation, for-exanple the use of a

r obot i 43 oh Gall @iks 878 s&erfteitﬂﬂlk eRgse
The R}"f?"se%f‘?éFﬁFe"t 'g%égaﬁ)}%l Q%Es | it T?.Ql | fson S S{ﬁ&js in tﬁet akn
thegss fn e Pre-ddfineq ﬁ?’t’%‘“%t'P’é °F1 g¢d g'S'FFb 5 e to
cor6igd 60Ra® difonengesnobf dchigving tisi CM@méeI'F aé‘i‘t&-‘t“st" sel&aep!
proceﬁsct‘:ti %dfvaﬁa%tohs ﬁta.leuété R &Hrtﬁ%ﬂfg)é)ﬂem% %Hg 2:“‘?2:% prooassss.
A ?Pafrﬁpi“dHPC&PS E'c‘—:“P’Yesc%Hbf"ﬁ'P’Bg ot ?fo??ul E oS e%)rt15| B apost
inteAving ipbeiing odall uhisse If shB-spi pocessss ﬁﬁd’s‘?(h@{eéﬂ Sree nyEbe §o
muﬂgsd %%%umgr & &leﬁét‘ét@ sghﬁéﬁfté‘t 4 g&'@takedumtréa&es exponentially. In

eterm ned-protocols . The: sp

thipersP ity imprrigr ‘?e'ﬂﬁlf“f ORGVHE ALE o%[:l ?s h ex%q %e g of @
roblofslaftry amt saphipticad shropit Berking |§Y5é€t§'eﬁt eTrhﬁlaH\éa&m@? 8&58%&?‘“
ste fs‘?ﬂa‘? gﬁm‘éie ben4filed §re AbofBihid) @ shhable paRbedate ardgesof the

t
vagioys ﬁej]tunéee t@%@g{ grp tﬁ)g[h%ea gli;l.lregipl%:org d&o gﬁl}entlﬂ.ﬁ)ﬁl s%ﬂ%tegé 9&!\%
us€d Welediica i egtidular nelecutirg epnddion i qemeysﬂelﬁ g{r agy gl%{eé\at?{lmﬁ

priBss a%gkﬂeré#d?éLse‘aﬁtédélﬁmhemmtdrpofoemhsof the
possi 'e conbinations of cell culture conditions, it

i s advantageous to enploy a |arger nunber- of ceII
Prediitdrmiriedanotbémds t ot al nunber of conbi nati on& of cell
culture 25 conditions that are bei ng tested. Under
_certain circunst S anlvand QUS
ot 40 LK o T PSS pa bt
folpwedptdetarinined pitasbo¥bere oeh emtseofefpét fnclos Ppele "By

.se%r@%noﬁ‘ dvegtdd defusit Mtk GRub @Yt pledaentiret onrejpfliced in any
WaYF 1n@:gqré?§o'5§$xf %Hh _Bng;ag)\lﬁs'%a%g |F£55 8'% Lm %@eeﬁ@(ﬂ&geﬂ /o

anned’' 1 n-advanc

cah of thoggebie eombinationseef &S‘Hé'é'tfe 8?“‘15'8??@ tﬁtseﬁd"i‘i?%?‘ﬁmmﬁoy
a MG SRInbA b AR @fan ptﬁ@ |tdutﬁglu3ﬂeto precaitiratissseot el caltire

usi ng aut omat ed pr.o cal, n Labptisc
COEQB%]% Rt 5% t&eérrqo %erﬂ Se%%le]l gi]; ﬁr%%gnéeQH;Pi% ﬁterefore

an
' acﬁamag%w toablitrepeies pod! oell qnﬁg p@q@@g ta §red tl(t)

%@& I;e?'%gﬂhgtga@{enﬁﬁ@d b@ficaBR0di byissiRebot sopabifetiang exse
e 0

e e RSy HASEER) b VBl S ph s
arfil IBggetiesrna rse@amm@roq:ompmw@wé@}? ded sp i'“tﬂé?oa"(i@é gooling
O;B%?B?{Q Q@Elﬁéd @émgcﬁtﬂ&hét&d Moto&:l@ F@Qidtanad rabpiirsobabieling of cell

University ézﬁﬁkﬂi ,b RFID,

i (SRR B O SPGBt A fﬁ'ﬁq’gﬁm ling by e
opinsl yging bsspatial enrodling Robefissleyiess cepeh'e & atﬁiﬁﬂ"@"%tﬂ%ﬂe o
g%{#{%%g%g{e r@%aﬁrﬁ%ﬁb R safplek bhedordiVg 12 APréde28@eSd protocol,
have been desc6r|/b8d {see ‘Combinatonai Chemistry, A practical Approach’, Oxford
University Press {2000), Ed H. Fenniri). Alternatively, standard laboratory fiquid handling
and/or tissue culture robotics {for example such as manufactured by. Beckman Coulter
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45 Inc, Fullerton, CA; The Automation Partnership,
Royston, UK) is capable of spatially encoding the
identity of rmultiple sanples and of addi ng, renoving
or translocating these according to pre-programred
wprot/esss. 5 Anal ysis and/ or separation of PEEGB20HP3L36
Fol | owi ng each round of gell culture, or after a
defi ned nunber of rounds, the cell units can be
studied to observe any given cellular process that

b 0] S atla
Inc, B'H'&FTW gﬁ%%ﬁﬁ_é‘al? ef:onefdarpl¥rsﬁ|EeRon.{o§Sl9@) 6 WhbdblcCof p tially

I'nventi o now be furt these
encodies teiidvetity bimidipleotamples 7Pt BRddRR RACAIOLT A%
accORInGGo bre-pRfdnted@Rfiocok. ordinary skill' in the art in
carrying out the invention and are not intended in
any may tolimt the scope of the invention. 15
(SN} epgratipi) 5% i n- conj ugati on of
Cultlspher G mcrocarriers 20 Fluorescent

m cr ospheres - f rom
FOW“@@%H%?WQ%&P@H aﬂroaﬁg %afﬂrgzﬁ &Jnﬁg?} oft oﬁndsc’fhe cell units
cambecstadicalto bissesre (aﬁmyenme@ﬂqmpacpwpaép@u h?\ﬁ bgerydfected by the

. i dohdidng, Pinding of .the two during the course
tﬁ&¥03 spl |f pool experinent. CSG are supplied dry and
are hydrated in excess sterile PBS overnlgg
Thé arﬁze;&rod iwnOndinobaTRiibdr aesaribed by wan st Pxpstmiesnylichdig meant fo
I ﬁ"tﬁe Ah@narlifs 6d tReienadn dridres notn
servfe o] g%s%i’%%sof o?d?na-lr)h% I g{“?"

|ot|n ation reagent. 30

mtqmd imiagy way P it ig SF@&@’EWF inventio
Bi oti nam dohexanoyl - 6- am no- hexanoi ¢ acid N
h [,gxysuccini m de ester (Sigma 83295 10ng) is used.
"‘%éﬁg“of the reagent is dissolved in 400pl
di net hyl formam de (DMF) and added to 5m settled
Exdmplee of hydrated CSG (5m settled volune in 50nl
tube) and m xed well by gentle pipetting 35 (17.1%

v/iv BSAIPBS is 8 tted /domn into the pipette tips
B@%W@W@ﬁﬁﬂﬂﬁfamﬁgﬁ ficro %? *6king of CSG to the inside

surface of the tips). WO 2007/023297
Ftﬁ%@%&@épﬂ%&%g from Bangs labs are streptavidin-coated and so the
Cultispher-G microcarriers {CSG) are Bietinylated in order fo facilitate binding of the two
during the course of a split-pool experiment. CSG are supplied dry and are hydrated in
excess sterfle PBS overnight (according-to manufacturer's instructions) and autoclaved.

They are then rinsed severa! times in sterile PBS.
Example 2
Biotinylafion reagent:

The biotinylation reagent, Biotinamidohexanoyl-6-amino-hexanoic ~ acid ~ N-
hydroxysuccinimide ester (Sigma B3295 10mg) is used. 10my of the reagent is
dissoived in 400yl dimethylformamide (DMF) and added to 5mi seitled volume of
hydrated CSG (5m! setiled volume in 50m! tube) and mixed well by gentle pipeiting
(0.1% viv BSA/PBS is pipetted up/down into the pipette fips beforehand to prevent
sticking of CSG to the inside surface of the fips).
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46 The biotinylation reagent is allowed to incubate
with the CSG overnight at room tenperature before
several rinses in sterile PBS to renove excess
bi otinylation reagent (rinsing is perfornmed in a
whgntoxetie with the CSG being all owed to sefCTi&B2006/003186
between rinses 5 and capgful aspiration with a
vacuum) . The biotinylated CSG are now ready for use
in an experinment. They are stored under sterile
conditions in a known volunme of PBS and the
concentration in mxed suspension is_cal cul_arggag
Theb hipdinylaginn trérigsntvis| alippeds g IncpRate) wth {ag; &Gy © %o
terr{ turd! BSork Rk hhéés inlder{d HRS ealkngvanscis\biptiaddion G8Bitn

(ringiRg | /_s\fp{e %Xn?ﬁ‘gll E[J%g %{ﬂ?ﬂ%%% ﬁ% aié&éve\ggé ée;tt{eeﬁt&ﬁvee@ﬁ) likaB's

and¢amfuleksmemnwﬂé@9'a§ﬁ%dded to tag each stage in the
split pool matrix. The follow ng method for tagging

The, bl@@y%a!%{djarg)spngﬁéﬁg for R e %b%éh‘t C@l@éyed#e Et@ﬁ& uhder

s are-conduct ed éS wel |
ste(ile fcbugditipn ineGimayn vadyme of fBS a the gqqc?ngatt?ﬂ [l’\l,\gll)(fé suSpension
s dReEeH Vs RAsY KE6mEaia te Agnhass By pEGaldtiar, to drectulgeinitially

(et Bie By GO0 BIFT 25 051 | CprPLoxes,, The

ags- are-added to the well at a
known- concentrati on of tags/CSG The 25 mixture is
Ex@@pielsy pipetted to mx (using 0.1% BSAI PBS-treated
tips to prevent sticking) and then the whole 5-(5

dish is t|_|ted to facilitate dose contact of the CSG
Tagginy meffeds impdls P epY"¥Sp| aced in a 37C i ncubator for

approximately 1 hr and then placed flat-until the
next sta t os i Blgh BR d’i@ta%@ﬂpét@edf
A R e
in e Isplitwp! ohativay he delipggmethed {dB99'% SPI R are
strgahdivcaealad is dseget her and washed through a 70pm
sieve. The CSG are | arger than 70pm and are WO

20071023297 PCT/ GB2006/ 003186 4 ught 1
The sueerimieglg e Rducikd i ﬁ?ﬁw&"\@? z%?"? ﬁ%@f d‘sp fﬁa?“ telf
th&&le hSaswRS Pest x 2cm). Typically, one well will contain -70[10 CSGiE cell

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

and then the whole 5x5 dish is tilted to facilitate close contact of the C5G and tags.

The dish-is-placed in a 37°C incubator for approxirnately 1hr and then placed flatuntil the
next stage of the split-pool experiment.

Example 4
Washing methods and sieving

The contents of the wells which have received the same treatment are genily pooled
together and washed through a 70pm sieve. The CSG are larger than 70pm and are
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t hrough the sieve to renove unbound, fluorescent tags
and the sieve is then inverted and <3m basal nedi um
washed through to collect the GSGtag conpl exes. 5
The contents of all wells containing different
weYITRs®Tcondi ti ons are washed separately BEFEGB006/003186
bei ng pool ed together priger to splitting for the next
round of culture conditions. Exanple 5 10-
-Di gestlon. of CSG and Cytopore 2 The foll ow ng
CalrlT%E 'H‘%ﬁ’es sigfee(sébﬁieigur& 9), di g&fhal lhembdeactss Pypidlly @) is washed
anhal SIS of the attache flug escent, Bangs. .tags o
thrpvegh-the HeYecl9BRPVEINPRUINa O EER iﬁ%m e $G s & '??] on
an@ytripasa madion wasSad tirbugh (agoli@sibe|GiiBa coramexss-
i ndi vi dual CSG beads in 21J/m proteinase K (Sigma
P4850) in wells of _glass-bottoned. 384 wel '
The semeTte oflvels cpRalind SRR IE SLTTY A Vst Ry
befoRbehgadole®@Dgsthed psitr # slifinmigr thi e tupd piguiiie conditions.
fluorescent tags intact Conplete digestion is
typically conplete within 20 mans and the fl uorescent
hen remain in the proteinase k sol ution
indefinitely, without inactivation of proteinase Kk,
AM L [ l, effect to the tags=or their
D’%{%Sh%fdggggﬁ%g sggrééi gure 3). 25 (b) Cytopore 2
| ncubati on-of cytopore 2 microcarriers (made-from
The dbllowing sesfhids aB 06ei@h digest Hi\heade giprtie analysie efdip pitached
p#egc%' bQtysOta | GhOESRhE Dicl Bigh (89 shawLiine Sigwwhi 1) sdn
o eavﬁ%b@ﬁg g%%gghggﬁmcoloured DEEe(tags intact. As
Cxfgrere 2KESESG, the tags remain in the digestion medium
30 indefinitely, wthout ‘inactivation and with no
_@gggéinental effect to the tags (see Figure 4).
anple 6 Flowhart 35 WD 2007/023297
PCT/ GL12006/ 003186 48 A spreadsheet is prepared
Inoubkitn o ralividuelsCE@ dreadsrin ZHf | Arapingsg K (Rigmg Bffep0) in wells of
gl s{é%ﬂ@dﬁé&?ésm_mi%ﬁfﬁ pﬂa}i]é r&ﬁﬁs habEpibte WA ef hy CSG bead
uor escence, .ie. e S ] ;
B 5] PSR T r o T P, ar it i B iy
coRipletnehineidaeng anddin Guowecent tegs tpriemais dlie arolpinasgjpgplution
indeGHRAE FHRRE Bacdiviioh bt FoURESSIE VIR Go detrimentaltdiba (sHis tagsior
t

he final ! No'.. de 53|ons
their fluorescence (see Figure 3).

(b) Cytopore 2

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

-in complete digestion of the mierocamier within 90 minutes whilst leaving the attached

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

Example 6

Flowchart
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5 frompages 2 and 4 will go to a "No Call". This
systemcan result in a tag remaining unidentified, or
given two identities. The latter can occur if the
threshol ds for the lowest intensity tags are se

WO YeEPBEt |y, such that a |ow fluorescing @g&/ql}guomoswﬁ
identified as being both4gv2 and Starfire positive.
Anot her |1 D exanple of a double-call is when two
tightly associ ated tags are identified as one by an

'ﬂéﬂe@ﬁs gr@ﬁ&é@wﬁ*éﬁ‘eﬂaﬁl Kigg &;i{gé frl pata@e for tUVE g niaBedaoine] dre
' is

St?fﬁfﬁ cFEﬁ'd (304 fgraSopb Ackredhey o T ndhichart SN RO FEle N

duplizaiSa In| peralldwithy Bil efarerces/te FFHOWEH repleadviB,FAcraseeeh &

anl EBEScehceP i IGRIdcatch ¥, FoURE sishaithé fral Noniecisiis 15
deci si ons frlf lgag S 2 and 4 wll go on to
ff"f“rﬂ""@?ﬁ%@'ﬁt A& NP il e Red val ues for the rel evant

size tag as- set forts- in Figure 6- This system can
Thit! 5 Gerh %z(a;n'yrleﬁuiﬂf lf‘a@agtrﬁﬁiaﬁﬂgﬁhlﬂédﬂﬂad urymféetwa iHlereites. fﬁ{;e fetfer

size an r ore
caagf:cfuhganer Waléo S fcfr ? owest |ﬁlﬁ|§5ﬁ¥)%a'agtare d% g‘llc&wggkf |3 that a
lowiifludreschgstag lio Wehiified, asthringt btk UV3 20¢- SIpGIey P%‘%@"e ofAnother
exaahae bﬂ&&ﬁdb%ma VW twd fih@NSdsbalatédiggs Zre ld:égmh @b snal:y an
" r VT
OH@‘Pen 368%5? ?Oa??)ﬁ'gfﬁnt @ﬁ@%} tﬁurE gd ‘g\;ﬁg tmgg oﬁgog\g&{ll on of
ANBand CtQiJNTLmeqf@q hawe beangiserbie fagie 2sh PerbisAMINGY i al

Cell Culture, ES cell colonies grown on nicroscopic

Al q%gﬁ?’wa@g‘ﬁ%‘? ts lk? emmln@rtﬁéjlqnu Lad ?ée?ialﬁpf[p:h N {hQ ﬁ§ai o’

oSSl ng ran m spi t %J q|¥
degisionivam paags t%ﬁr@o%wﬂrﬁot%rﬁ) PR Hif tﬂ‘if“’et R ©
relcii@it s 6 8 Sot fGMMYn FGRES Thizaydteng carciléof resudirit awgednammg
r%glgi nﬁ alfe b | cﬁgrt ﬁuo}eg%n?é]goé q‘l%%%ﬁ [0 th@'agf'r_feh%nges There
PH{RS T80 dre ana q u r%-:
wit bt her doubl g@l@rwrth this f@wﬂwﬁl Bt dipis {siat é‘ed‘r%é’gggs" gtitying ow
infRsHG tgb 8chietiBibB @s haenmidepeiet i ¢ di fferentiation of
mouse ES cells as a nodel system The devel opnent al
roadmap to haematopoiesis is relatively well

Exampia €d, and many of the reconbinant growth factors
that influence cell fate are 35 known and readily

E$ % IL?% danf:atB? s fnb {rgf}étomalr@&!t Etuddi Jrﬁeﬁe%&gﬂoﬁbérp& results

ture has used materials and
usirmtiabe g mesiade y oi d bod| es; semisolid culture media; WO
2007/ 023297 PCT/ GB2006/ 003186 49 suppl enent ati on

lnm? nag‘%’lell Eglguﬁkéﬁt&l CHo Lor S RERRRE®pRMads are shuffled
through muttlple combinations of growth conditions using random spiit-pool methiedology
aceempanied by concomitant labsling: At the end of the process, any beads bearing
differentiated progeny are identified and isolated; and the associated tags are analysed

o deduce the cell culiure history.

An exampie of this process is described using haematopoietic differentiation of mouse
ES cells as a model system. The developmental roadmap to haematopoiesis is relatively
well charted, and many of the recombinant growth factors that influence cell fate are
known and readily available, nevertheless directed differentiation reported in the

literature has used materials and methods (embryoid bodies; semisolid culture media;
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we have sought to elimnate using the experinental
power of the new technique. In particular we set out
to differentiate nouse ES cells to the nonocyte -
macr ophage 5 (nononucl ear phagocyte) |ineage (Gordon

WOR00E02F2%7| or P.R., Nature Rev. |munol. 20013ng§. 2006/003186

953-964), because this ham been reported to occur in
vitro and because it is possible to carry out a
sinmple functional screen for these cells based on

subfig HaRbAS R3S ar%a; sfa#u{#@ WBRA SRS cititeisp@B 3N &Meﬁfﬁdear'zcaswclgt;h
and net hods ents  NUL |

we RS A o e B B Pt TP Al 7o0
(R&D Systens, 488-TO human erythropoietin (EPQ

in GRERUSWRE S But 12 Giferditbte MUIBRTES BiIStd B8 kioRodjte(H hadiyphage

% st ens
(mpacau&['e rﬁa%émag? %%Q%ﬁgr& ?’Tbyzf]al?gjg lgld?tgnﬁ?\f ﬁ%@nol 2005
5: 98B} Hmgeise tisday beer] Tendriad; i godupibviie API/PeoBige it is possible
to (égig‘P' onY & ﬁ e TicBodl Bored® ffUthbse cdlls thasdde ok iphagocytosis of
&Fé% &D Systens, 403-M.) hunman bone
ﬂg ic protein 2 (BW2) (R&D Systens, 355BM
hunan fibroblast growh-factor (bFG-) (R&D Systens,

Mataraidn mefeld Noi ¢ acid (Sigma, R2625) bovi ned4nsulin
ns Igma” 10516) 25 insulin/transferrinlsel enium
suppl enent (ITS) (Sigma, 13146) Mroculture
Reggents Spher - G microcarriers (Percell Biolytica AB)
were hydrated and sterilized according 30 to

mwng}gg;ﬁ%g;ﬁg{? §8 F@%gﬁ‘% C)BI otinylation was
m@mﬁhmbnv@@ﬁd%ﬁ‘ﬁﬂﬁl&ﬂﬁyafﬁfﬂﬁo‘{%g%n0| c acid

FppRilf EHPO) (RIESYE e, 2STgna) ,  di ssol ved in
hwﬁ%%g%? B GEL FRRR BB0° O ) g 3105
hmmﬁ@nﬁnﬂ@@@%@@&@u@ gFHd FPGh e (g? room

PBS Tgﬂip%g%m]eﬁ@mm oty riers were Sm;géf?g?ZdOf
"‘F?Peéﬂ}ﬁ‘ 59%%6%%?8‘3%’9‘{?‘%%}/ GB2006/ 003186 50 D3
huESnchon molpRoDFRtia groteird (BMPP) (R&RPYS e ISoit-
h@Sdraibi bR siGRAMERcH! (BEGH)GRED SHDRiVERS-FB)
retinoic acid (Sigma, R2625)
bovinedinsulin (Ins) (Sigma,.10516)
insulin/transferrin/selenium supplement (ITS) (Sigma, 13146}

Microcudture

CultiSpher-G microcarriers (Perceli Biolytica AB) were hydrated and sterilized according
to manufacturer's recommendations. Biotinylation was performed by addition of 10mg
Riotinamidohexanoyl-6-amino-hexanoic  acid  N-hydroxysuccinimide ester {Sigma),
dissolved in 0.4ml N,N-dimethylformamide (Sigma), to 5mi of Ca®/Mg**-free PBS (CMF-
PBS) containing 3x10° microcariers and incubation overnight at room temperature,
followed by 5 washes using an excess of PBS. The biotinylated microcarriers were
stored in CMF-PBS.
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cont ai ni ng 15% knock-out serum repl acenent (KOSR), 1%
non-essential am no acids (NEAA), 1% d utanmax, 0.5%
penicillin/streptonycin, 0.1mM D nercaptoet hanol
(D-ME; Sigma) and 1000U/ ml Leukemia Inhibitor
wEawr/033297L1 F; Chemnicon); all from I nvitrogeRCT&R3H6E86
i ndi cated ot herw se. On tgge day preceding day | of
the experinent, approximately 1.4 x 105 biotinyl ated
m cocarriers equilibrated in nediumA (1 VDM (G bco),

031%%’8%%01@ Eg"?:i zigwéré’ ér%éla%ﬁe-a%téhrﬂidsﬁb IMEKO-DMEM
yce r ol

ot e kRoBH MG M G e

(NBAX), 120 GluEthazeb.5% , peaikillio/siodpduinyeiue !l i Eﬂ-ﬁP@an@W%@b@“ﬁE

s:;i,rﬁ)%r%g @ﬁﬂrﬁp@ukémlg Iﬁﬁﬁé@ﬁ-’a\éﬁ} &S Cﬁb@ﬁgn) ShiBfrdnh Iitrogend

over nl al'i quot of seeded
unigisg ingigated gtaryisg. 100 beads) were fixed in 4%

par af or mal dehyde (Signa) for Tomin at- RT, washed

Or?E]% Ja?ﬁ%ﬁ@ﬁ%ggyd 110R #2BSpedcht Sép@ifoﬁiﬁﬂtewl ‘Ithﬂ)@melaléj
e 'Phosphat T. C

migegpRE SHITEE L BERLP Y %'S"g’ﬂ@g""mﬁ T
penRBEY, 0atMODIE, Toatim achand a15x0EM 1- t@euqugroé(h@@ §@éﬁ8dvere
addbL& {qu@ntﬂroT FE&igm %ﬁtﬁﬁxﬁi@%ﬁﬁ ﬁ@geu*s iquoted QN M3t vaslls-of a-

-Ce strai ner mlL PBS,
100mEYsapFE R SFP?%“PH% 5o g%ﬂ'&!‘é?%ds'“ t\é\%%"%@%?

(Stem i n& Haemat opoi eti ¢ Expansi on- Medi um

An( §1¥ gg@e{ -EORhaHEbaSreks &libb b%M @bre 684 Y5 pla:afoﬂmaid@wdes
o QM eirned nd & lP ndeﬁan algéyan@%te{ GBV
(qm@)giﬂ@?‘inr%rwal‘"’aﬁ]eﬂﬁngﬁ%s *Pg e i ncu i n-
amemum.mf Plaps i SubStraie |Kit s ¢fgeipe L@i@fﬁtqne%h %%0@19@ Ho the
ksl | was | oaded with approx. 5000 beads
n medi um B containing the relevant chemcals
and/ or growth-factors, and 1x106 streptaVidin-coated
ComfnatsheriEuttags. his. procedure was foll owed for
each-split-pool cycle except follow ng the split-on

D10; when _mcro rie I
SBE0Y TRESPIHEY SERTPPEPEBI: ogRabich 148 SniArapyh Bl
wishee with otsmb GBSe then siansfemes n@ AR S*G58 of @&dwme% (ngb""éﬁw
H?ég%at%p%{eﬁé o\ﬁ/salrlﬁ?glﬁt@d!urﬁfﬁléma)lﬁﬁaﬁiﬁzg # BRToTRCMOpH Sy alaps $.ay

" n

e b G o S e
-earh sathplg 0ubss! howllnef & mqmsm%dr@"f%waratpevlé%f@t%% ak Fagh
w&P %é‘ %E@f’ wids Bhpréd %@O(ﬁ BehdsaR l4af eddiomt B cofBiing 'fﬂmerelevant

0 I

cl@ﬁ' n:rafslﬁsnp 9 grgw[?r)%a%g)rﬁ,l %}do@( 19 setrelétg\ﬁdtlggag%q?g’ %d’f‘\\épe(re t%&ég él"a S.
pioCeducansi fbilpwed tor eashrseitere Cb‘é%lP’FCﬁl@} “awg@ thesplifrp DAY "I’ﬁf“ |
miccekBR! ke ARakERE. Woldhirgr ©80, fikudicesasasevere processed

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

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

internally labelled with green fluorescence.
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WO 2007/ 023297 PCT/ GB2006/ 003186 51 Positive
mcrocarriers were transferred by pipette into the
well of a 384 well glass-bottom assay plate (Bibby
Sterilin) containing a solution of proteinase K

w{ 2ofes207Si gma) in PBS  and i ncubated at 37E@CTiGiB2006/003186
30mn, follow ng which tj fluorescent tags could be
seen 5 arrayed on the glass surface. Tags A set of
50 tags (Fig 13), each set conprising a popul ati on of
fluorescent, streptavidin- 10 coated pol ystyrene
n1crospheres was conm ssi oned from Bangs

Poditrb eflcadcanis sveferansiemed byl Higette nkaetheyvlk of Pé‘\%fé wehdpsiaiiem

assgp slaéqalsﬁ; SteNiRP cottintyGl doRffionbf fréteinasi ¢t @BjpiteSigna) in PBS

ancbpc@a’f?g 6%??&58' :r?q%a%t l%wm Cgrrh tu%eﬂl&g‘?sceﬁfr tZ§9058u1d7b335L9rﬁ n

E9eE em ssi on/ bright ness
arrdyely edltheiglabs fufees. i ntensities of either Starfire Red or
UV2). Aliquots of these 50 sets wer e further
conjugated with tetranethyl rhodam ne-'5-(and-6) 15
Tagssot hi ocyanat e (TRITC, I'mA rogen) according to the
manuf acturer's instructions, to produce a-maxi num of

A s]ePQf i ég{‘sf(%asi 288 sdreamrisihg 3 @opiiation bf Biord@erh stybritgvidin-
distin

coaBd poly. aﬁrea% gnllﬁggeresz alaﬁ_col‘lj'l%ﬁgsldnga K& B%ﬁd%q_rabaﬁﬁﬁes((géﬁ&ﬁ

ol e Spiphere diameter
IN): m@dﬂ@emgwmeﬁqh%W\lﬁfkfﬁ Wy BRSO e

(sr%e f} UPRRRC N1 CE @&ﬁppe 3emu| pped7nini)h dnidl flawessencs
en{sg,rgle\’!r;gs ég%s_sl (é?%dla\?lp f?l nﬂu irtl%P 5&&@%%-&@{2} %Eﬁots of
thekec Bmokagy verel rfadies m@a’@d pt“(!ﬂ" edetae Wlﬂ’oﬁﬁ?'{)‘?jﬁﬁnﬁ il
lso}{ll':oc%?lg'ie ol‘ﬁ{?lfr% ﬁéﬂﬁﬁr@ fNthei Magtacanakyssisiclitas.

usi ng e taas
PF@V‘E?B?WE’F"’%E ?Oﬁw%s%%? %ﬁnes op'eéelrg teM? %glrg e SIStéBF: os
weyeused lnammemtﬂbrﬁﬁ'ahlgmn ght-field illumnation and

the areas within these calculated to size the tags.

The areas' fluorescence intensities in the- U2, Cy5
TegReeYSHRI TC channel s were used to further specify the

identity of each tag-by -conparison to reference
T QW&! eénalygé?ﬁhahﬁér&ﬁmﬁnm 4 agon (TE2000-Fiinyerdet) epifBOrescent

esults | ment f .
i e O R it e, o
(UVPN GEPRe@ Gmm Nikomrene CpafFiRms T B%l?ﬂyé IBPOS; Y& PRI
ush:ag a6l dtdh /E 86880 hakdcaBmE Gamera and image analysis was using lmage

- Pro Plus {both from Media Cybemetics). The -outlines of single microspheres were

captured using bright-field illumination and the areas within these calculated fo size the
tags. The areas’ fluorescence intersities in the- UV2, Cy5 and- TRITC channets were
used to further specify the identity of each tag by comparison to reference samples
containing known tags (e.g- Fig 14).

Resulis

An experimental matrix of cell culture conditions is devised which we hypothesised
contained one or more pathways capable of directing ES cell differentiation to
macrophage (Table 1). The matrix was comprised of six alternative culture conditions on
the first day (D1) of the experiment, followed by six alternative conditions on D4, a further



16

156

20

25

30

35

35 macrophage (Table 1). The matri x was conpri sed of
six alternative culture conditions on the first day
(D1) of the experinment, followed by six alternative
conditions on D4, a further WO 20071023297
WE@DIEB2006/ 003156 52 eight on D6, eight nFCEGRHG03136
and finally six alternatikyes on D10. The total nunber

of possi bl e pathways through this matrix, i.e. the

nunber of different conbi nati ons of cell culture

conditions test @%S%%&’ﬁ@ tof Itrhﬁlber of
eightgia ieigehT AP o8 %%‘pﬂ%?%ﬁ t‘ve i ti ons. v

podsitembioayathouatBysehallf. j-e o a.nwab@ffé’f ¥ AP PRATE RS o oo
cul%?ef BnbiifiorS tahwf 135820 Wx&ﬁﬂatﬂmjmpehmmm cogeenity bl

ooqdﬁ%){l%?vé:!e%% dp&rf Y ﬁ:%g Hieft g’iﬁta{ré?lgblemn‘tehlug' i@l ﬁéﬁhﬁ@ﬁr@%rbf

to I nf uence o erm
hurhm mmoteﬁo;aemmlb& yasied iesHBPIBIRRTRN 314G Treh

gé}{gage,whl BenpentKanesbdens kiprmidfion, NlaeIEﬁngOleﬁQ
d 20 BRRPKAN. 20§2).
de‘f*"c’pg@@t %8 rgl%% Fh%%%r?ﬁ %lﬁeégeé&a%gl S \%er e Q
Medew@§5‘bﬁ03§r29t’r$ Gpdiad Cvmem‘ba? tine
m crocarrier beads in the presence of LI F, -where
formed_cell, col gn t d maB@sdbisV Qelhide
P"ﬁﬂpﬂ%"tl AeUs gg s a\gega%%%\?(? {@1 (b %ﬁﬁ!aﬁ% E @P %

|
iRV ENE awals in mﬁerese&w LRewaers oy Sﬁ'ﬁ?‘? &Y {? %\ﬁé'r%]tgs%‘at'l d
omreordfgamhé tﬁlﬁﬁﬁdté%beacw‘(mg@o n—tmsmrm‘ LIE oviifidrawalnthe beads

welrc%) @{sgfr\a@%'ﬂly a!sse%ges tﬁ%ﬁllﬁ%@gtﬁé coRifatiohs b btﬂﬂmaﬁb specified
in & @mme%gﬁam ue%@%@@%“ﬁ%?%"ﬁ m?fﬁ%‘%@% 95‘3“ o

o48Piexi matel y-1 A x-105 seeded m crocarrier beads

were split randomy into six sets, each of which was
cultured separately in one of he §.|x iffe t
Airteaibeginsipe of the eaparBERPPIITARY 1 10X Beﬁe"d"‘m"grﬁ& beads

w&@gan }aaacsaﬂy thioaisefdsaches ehivasrealituradsapewleldn opaf tre six
euer} lé ssgcrﬁleé f{?%' i iri}]e%&'lni g—":éursc%‘ysc' RAER bells Wt @lastwds
pcoicars ey ol D SRIT S5F SRR DG TRng B
m&ﬂ& Qpecﬁ"édm: Dﬂéaﬁﬂ mqwﬂgﬁ poélgpggzdse m@m [ﬁi ggj_ap% Dg‘oh Each
b DL WAL o Fé%%n Rrt¥RE s watd labatied:
t“ﬁ%?’be’@u‘? Of, except on foI t
ol s i w90, g S nd Sl B @%85%‘5"
Iatd}yﬁﬂnu ireRsfdralie hbti ragird lbelling. Mausnibe-eeamentdl agngivegi e
t}%svaﬁ% %Hﬁ.lgef Fn%@g‘é@ut ggiig&%gﬁts}{agﬁj}%y the GéNattdn thtags ,
assge@ieql e e Toigt SV iay of iauely
distrRivy %ﬁeﬁtzﬁﬁﬂﬁi—dﬁ@éd aftuchstay wfcragpherr ¢4gp w'ﬂ:p!g fboyad jtg gthe

tavi fluorescent m crosphere tags
b\ﬂﬁﬂyg bécﬂgaﬁle'g%t bi otinylated m crocarrier

substrate. 30 At the end of the experinent, D13, the
ANt @bl HHRr SxpeahentepBsibe miorogartigrp avere expesed to a hyper-

fluoresceinated (self-quenched) cvalbumin antigen. This reagent is known to be
specifically internalised and digested by phagocytic macrophages, thus dispersing the
fluorophore and giving rise fo a bright, intracellular signal (Fig 9 & 10). On screening the
beads we found that approximately 100 (i.e. 0.07% of the 1.4 X 10° input beads) bore
large, round, internally fluorescent cells. It was assumed that these beads had been
passaged through conditions that were either permissive or instructive for ES cell
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fl uorescei nated (sel f-quenched) oval burnin anti gen.

This reagent is known to be specifically

internalised and di gested by phagocyti c nacrophages,

t hus dispersing the fluorophore and giving rise to a
wamodgizsz97i ntracel lul ar signal (Fig 9 & 10).PCFGB2006/003186

screening the beads we £pund that approxi mately 100
(i.e. 0.07%of the 1.4 x 105 input beads) bore 35
| arge, round, internally fluorescent cells. It was

_assuned that thes a d bBA S FRFphdes Wi
diffr g BngaqeR ?gewgare%-% el PE griaggﬁ{r&nmss' ve or lpt 4 and the
analysert foudechiweluteghelEss celiwre \WSip6 37958 ere isofated and ¢
eiiRT /< GRRQR64REMERS to Beleadi fbend: tigs,atfiidinwere categerisprh Hged

Beads car r%cl) ngollhﬁéa%% irF Ea@siQf macr ophages were
fluoresaence BUFsEPPY ECONV ol ut e t herr cel | cul ture history.

t hese beads were isolated and the gelatine substrate
Sorfd ?{ﬁ@éa_)fﬁ%gwér@_léiﬂﬁ@?fim bagndnbagsof wisi eh owg‘g lcou\::;;e

cat egori s usi, n i€s, Thvehifg GRPYatiwly | b Wede
”"aﬂlp'quﬁ‘és&’ecageﬁgﬁ?gi's? fo g@%ﬁtﬁnﬁ%?lgscar i) e§s y\gﬁr ‘ﬁ oly%‘t;eekal ed
beads ttivougarthreexmerinrnial melix; gy dnstance. bapd G s, OB 1o 2
corM38dHRIng 4PHS béth\l‘?@t £YO E'Lze d.1-nea ah? uﬁ] Wﬁ%fg@ﬁg‘e group of

speci es, rev i NG : 0 ese beads
bea@ﬁ%ﬁ‘ﬂ'éjﬂé'Pthoge@%Bé:Pr%ﬁ%%n?%IB%ﬁgr\%k. For instance, bead

C5 was found to have tags corresponding to the

Sor{ﬁ@toméﬁbhicﬂocgrﬁers 4e.@bead ﬁz:?_-werés iazem at::fsgfai %?b_aﬁf}ﬂ 1596 oFh
] gr ou i : irbd HANGR 1dbBRiky, and a
Wh‘E‘gﬁ_bel T?’S'ﬁy %B"g(} i g&%ﬁ?a%n?ggo&rf;%?tﬁ rl}eg{ L C gcaé?(iﬁggpgm
smelpmipority eaeparsl 1y bp@pwird BET198 ¢ N tI‘? F EPIT RENBE S
mide@GifrierOfFig Mb). Ghmbsh ef imgeolntténycases) theiertas atlge fYsghs of one
ol ) oty ipgCE rREAN okl el e o
histeety dmeifeq Gisss (OB BBV ?F%Sfﬂ?gfq‘é?séﬂ? i, 857 ead E0)
fhekd @é@C@?ﬂirﬂmﬁeré fof ggidf’corb)hzvo Hifferenisipecifs added ﬁeiﬂh' ﬁ”&tﬁ?@f day,

£aSEes, el Shi : 8 QN @mbigiticdSBeroTeasil
oivihg el iR, %mmﬁ?%iéﬁ‘?aﬁﬁg?ﬁf%%f o & drgr%rg i, Y
rortbied AN B tRF FIRSTTREIOB1] VAIGHT (P&l 81 SFT05T B £ e

cases (normally where overall |abelling was

i neff.ici . i nferyVRALdifadaihto LgEnes of
A %#8} %tjdgm‘ﬁ?%%n%v\%ceﬁ f% ?%?g%%] n;ua(%ir 3 a%dt%% EJ‘% =
aligefs, o5 o N ¥R 1P BA SRBLIRIT T ORI o PR B
bytchﬂ?ﬁxatoﬁﬁla}‘eli Cofturashigstiots estmmésﬁzﬁa&aa apd-ESp weigdBiRrbRy

O ULEN R EXRES IRRHIAL UGRy s ehbdlabas ADewdsedeirinbied &5
asaag?gr‘?aﬁeg ebﬁe%govv. r%%at ch of pJudpot ' ocell
haye parsgd difoyah CPREUNT (13 “fas 5d4’\‘/ i%%é“a ?é]‘%’ft éoﬁga@ 'et?’!? é@t%fo d
bedds Eam@h;@mmsmmzmw%ﬂ%5ﬁ est one putative

differentiati on pathway as defined by Conbinatori al

naneroris Gy BOVEOHII TG oA TarBRPRa (T oo
inBarhbh.ah parifSian Grettiests vpDH Guid CHevets ppsistori dn Airee.rRoashlY
rE\tie%ling a requirement for those conditions in the generation of haemalopoietic
progenitors using this systemn. When reproduced, these pathways consistently resulted in
10-25% of all microcarriers being decorated with substantial numbers of macrophages
(Fig 12). Deviations from the optimal pathways were found fo be generally defrimental fo
macrophage differentiation. Similarly, when random pathways through the malrix were
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have passed through conditions 1.2--. 4.2-. 6.4-.

8.2--. 10.3. Simlarly, the-route of bead E6 through

the matrix was 112-. 4.2---. 6:3-. 8.4--.1D. 5~ It is

interesting that these pathways which produced
WhHeTYpHAge had certain conditions 30 in-c8fiGH200pHP3186

particular, treatnments onsl and D4 were consi stent

in all three, possibly revealing a requirenent for

those conditions in the generation of haematopoietic
te@tE@Q@rn keOhiSiinH! 3 rwodubé Snedphesd) n¥h@Rciive Pirodite therd Rese

lﬁ@ éstconsrs ﬂ;lﬁlfeSU|ted in 10-25% of al

iR hrtthese afePitg Y& &orated with substanti al
nunbers of nmacrophages (Fig 12). Deviations fromthe

cORlkiged pathways were found to be generally
“detrinmental to 35 nacrophage differentiation.

Simlarly, when random pat hways through the matrix
AnveranpOo0BS /col gferpntatin ERieThrO 05138 Goms'z;aff"&t el Cutbyre

febiiBnPRk lukd ¥r Se1P Bpﬂg@ rhEREdceNAGCused @0 SdrédCar serimental

t
m {g? 8%(1:;%51%9%?{6{40@@ di erengga% {JIItLEQ B\rtﬁg%ls %op F&%m?ﬁsre(ne:aéhng to
ditferpritiatiinf ip éheefmnoaxﬁfﬁﬁcrpﬁhaéé ﬁaﬁag@éfd Ssgep g %hﬁu I279% BymRer

@ténﬁéﬂé’ah%é@ ari‘de\%tnlg rd ﬂﬁiaﬁldil @bisg sohtedyaibahs ptﬁHSIblte&g sdentify
o was . us [
e RAEESTIT it mLr R0t e A PE pBALR) bodes and
anjmhlt sgrum, mﬂ@p@@@ﬂh@fmmch@@fﬁaﬁ)rmat&héeqw@aJPfr@OFtoavfe"macmphage
aélebbRE@MVIRL | on to the nonocyte-macrophage |ineage.

By screening such a | arge nunber 10 of potenti al

pat hways and using a suitable |labeling strategy it
EyamplpBssible to identify nultiple differentiation
protocols, and to overcone the use of enbryoid bodies

Digegfon aF (Jau rfsgher %!Mg}oci?rgg's @&tﬁde%ffor%y r pBIﬁﬂdﬂo rmal |y

monocyt e- rRcT ophage ment in
vitro. 15 Exanple 8 Digestion of Cukispher--G

REARABGAN EifdngenbN. gl ass slides for tag deconvol ution
Reagents and Equi pnent 20 Proteinase K (Si gma P4850

im) Si gnacote (Sigma SL-2) @ ass mcroscope
sl+i dieteinaed SignaP485¢ 1mi)

s Sigmacote (Sigma SL-2)

s (lass microscope slides

s 68°C oven

« Home-made humidified pox
= Glycerol (or Citifluer)

= [orceps

» 13mm-diameter glass coverslips
Methods
Microcarriers are digested individually o reveal the complement of tags that are

attached. Digestion is carried out on a glass microscope slide (can digest up to &

microcarriers on one slide)
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25 Hone-nmade hum dified box G ycerol (or
Ctifluor) Forceps 13mmdi aneter gl ass coverslips

30 Methods Mcrocarriers are digested individually to
reveal the conplenent of tags that are attached.

wER0gEe232%n i s carried out on a glass m cros&6pEBINpEHE186

(can digest up to 6 mcregarriers on one slide) 35
WO 2007/ 023297 PCT/ GB2006/ 003186 55 Coat gl ass
m croscope slides with Signmacote in fune hood:

hebgi Rgss! Ti&@sco?@réna&n tgth | Slgm@@i@fw | theyie phdaat theidihg Ndlide
0 co nt ot r
) Por&’zB&tgﬁ/ %%!8 é)ﬁ:tette Jﬂ i oltf nggéot 0 t%l—:- o@%f ths g[ﬁilé ér'lgnnfgl?ﬁatl

Ire S SUT
f é@%ﬁﬁ%ﬂ@)@ﬂﬂfegbaﬁﬁmﬁ% r-eg¥® BfAlce §Dr apprpx B0scang| hencsaafily

r ﬁﬂﬂfé%ll&é’bﬁld&rﬂimw Sgrhdco@fibhetheagge with b Ipipattq| THetsighacote
8}a¥ I%% g&rm%g te.o re?umnﬁo){h ebttree ?teoq ﬂ']%%l IT%%&E% r&rﬂm’eﬁ% this way

grnaco

bt doallewl any refginipg ﬁﬁrnﬁm*@ f%ﬁ\@ﬁﬁéf@t@mpﬁfeéfv dp Yee &e aﬂv

C Gﬁ@s@i‘ 8ighhacotd left BR (e sidetor dtiiere hile0e Smedrs, Slifg e airfaces of
+ et HO b Mo s prb 5%@5&@%@ Wheygmar . v be

pr oduce cI ean sur f aces on the slide 10 -Ensure

t hadureriuel afadchirersstothe digestiidgrss ecknhavsulp eeshaninefHiO| ty

?{bggahgtl %‘5@8‘ ﬂ%%lﬂﬂ‘r %Il@n?s:ﬁd' Qﬁgf pl?él‘ieriﬁ d&amllg %095
i ﬁvdiv@p@l @aq:rowr@r%m wpéﬁso rd Fﬁ'"t”i‘?é Vel i %v¥5la1<h ahf gposit
Voh tiyidsd sitik L It it alvagh egasiytio pipsittifteniglataul sbiivde onto

: ¥ el deggﬁs{c %'ip\é?% %ncﬂ:?f\: gcgﬁ%{o&t El‘% rﬂil::rﬂggnlieg oB I}ﬁe ﬁiﬁ@l (@ns]:rezﬂg

pl pette enoug
d@m@ﬁafner%@e ﬁpf@wer@é(rspflf@ﬂ g rplipw daiter| qdgfition @fn’% GP¥PTRIR uitipeyit
- BveRiap C 314 hitbGantdreps Wideicachletdble whaaed to al |l ow | ater
addition of a coverslip wthout overlap - 5-6
m crocarriers per slide is-achievable with care
Carefully plpcy fheclidesia 2585 gewer tp achiers eomRIR dP‘éV%?ﬂﬂ al/tbe
C aitpb@trars-=He Byoing td thastiaé (fitheins shodd-ediue):i er s and
sticking. to the slide (10 m ns shoul d-suffi ce) 20
Make a fresh 5U nml solution of proteinase-k in

( Noke adfigsh SU/mbsding ehprpighagsnk BriH( ﬁfl?t%‘ﬁﬂé%%@%}“&t&% of
V ffotergash @ isvelevdtiat bétesersimtdhbe sol ine ultition sisduti Hedcalculated with

bet & el ook solution 1230U/ml to 50/mI = 51230 = 1/2486. ie. 1 in 246
ditution-of sfock solution in-dH:0)

Prepare a humidified box in which the digestion reaction will be performed (a 10em x
+0cm cell-culiure Petri-works well with disposable plastic pipettes- cut fo size 1o fit
along 2 sides. Place water-wetted fissue inbetween the pipeties)

Carefully but quickly pipette 0.5pl of 5U/ml proteinase-k 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 fo therfl, place the slide in the humidified box and cover with a lid.
Leave at room temperature, protected from light as much as possible, uniil the
microcarriers have dissolved (fypically 30-60mins). [t is necessary to remove the
slides from the humidified box to check for complete digestion and this needs to be
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each new batch (eg. Stock solution 1230UmM to 5U m
= 5/1230 = 1/246. ie. 1 in 246 dilution-of stock
solution in-dl20) 25 Prepare a hum dified box in

whi ch the digestion reaction will be perfoni,grf%'%@om]mm%
W

WORNWAB2H 1cmrel | -cul ture Petri-works wel |

di sposabl e plastic pipettsés- cut to size to fit
along 2 sides-. Place water-wetted tissue inbetween
the pipettes) 30 Carefully but quickly pipette 0.5pl
oriSlellas RliGeidSEbIK Bdrairinediath relertd jheciides to thdox io
ried mcrocarri i\s can be quite fiddly as
@vg@qupgra DQ/%P{/“%%FFE@/@I ume and will evaporate
qui ckly outside the hum dified box). Once all the
NGk QefdiEd @b thBaveotaibrs ivetcemplalsly dissaldutie termage thelifes
DI o b akd 15 b Bit biSonl MG LhGHleRBraiChr @R Rbtoiblk
a' g L ERE at_room tenperature, . rg@ngcted from ..
 solgrthisaul pesecLaite, 9aivbl Blacs fie idek b SEC V) BEAMTLIC
hametotinsse batesleté tiyipy 6tthé nele3geddasion)the dfide)i s necessary
to renove the slides fromthe humdified box to

check for conplete digestion and this needs tq be.
OB ST cRsOORI T Is TeSEe Rt G s S0
Oblib6lss Vif &S bitbRS i prelmf b the-dropalis aften easy de remsive i by
sl i ges t . aRRFAY isWer af qubtiRleeh BaRe
kprggp%f“ﬁ%?cgemasua |gI%)?elé§Pt{¥gscegéﬁ_e rri%}?ocarri el hav bies
chupetet coversigiogtodhs, gyerdl dRpFetaling Sdiemg &are Ay i HEt)
bt ahekt @hdossible & reibveatr bultdem ftoarmderdhengaveralip once in place).
eXI%RrQRQHVQEP;Q fo dehe é@é ?&@énﬂ IMEspread 3binbikt fteSeritke doverslip.
proceed quite quickly). Place the gj%l de ina B8
oReieck glides Fpmolioht 85 THEH &S (RSERIR h Sﬁiﬁﬁ'!sp 2 g, RaTe g
t bRefsR)seasRathtang sprest giyceiobovet theleyfac€ar ef ul |y add a
6pl drop of glycerol directly to the dried tags,
taking care to avoid air 10 bubbles (if air bubbles
af\ealySP &8 HENG AMIRECR T op it is often easy to renove
themby pricking with a small needle). Using
EIa?J‘fee@S' carefully lower a dust-free, 13mm di aneter
coversl i p onto the glycerol droplet, taking extrene
care to avoid air bubbles (it is alnost inpossible
to renpve air_bubbles fromunder the coverslip once
Diggstiglt of LajoPore ZPIFBGITYE coverslip to settle (the
gl ycerol will spread- throughout the entire coverslip
15. Protect slides fromlight as nuch as possibl e but

Remmedtaped Eduipment t o di sturb the coverslips too nmuch

and spread glycerol over the surface. Analyse tags

using -a mcro cope- . 20 Exanmple 9
s Lab coat, safety-glasses, gloves

» “*Hydrochioric acid, 37%

s Petri dish

e Thin-walled PCR tubes

» Sigmacote (Sigma cat # SL-2)

e Citifluor mounting medium (Agar scientific)

Method
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Di gestion of Cytopore 2microcarriers Reagents and
Equi pnrent 25 -Lab coat, safety-gl asses, gl oves
"Hydrochloric acid, 37% Petri dish Thin-walled PCR
tubes 30 Sigmacote (Sigma cat # SL-2) G if)
WoBWAPP Y medi um (Agar scientific) Method
20071023297 PCTI GB2006/ 088186 57 Followi ng a
split-pool experinent, microcarriers are digested
individually to reveal the conplenent of tags that
Folviag &t dpfastexpbArg@s trhiBoapierd B@i didedtadilindividoallydareeel ise

IS carried out n.a,thin.wall.ed. i ol rried out
conATLY iy AL G, Sp e FR R b gty Bar
in 4 thiwalled PSR tulyst i p dreamal cyrles poRester Petk a8 Gys (+cel | s)
into pipette tip in smallest volunme possible,
typlically < | (20pi. pi ' i Smepag
et s Hepst fﬂa%&gﬁ%%&gé%@?'.‘sbn&%ﬁe@ﬁ‘ v
quivoling ppesibie ppicglyess i (20p! pipsiieart P YPEWelh? Hloposit g
M Cf,0G8E §1817%IHUI @ pririighe Moee tiiigklydetext giel. and deposi t
into the 10 very bottom of ai hin-walled PCR tube and
close the lid. 3. Place the tube in a_ thernal %’gl gL
@& Quicklvalravhioibr mi@pcagier o pippteFPpta 1plapd drpostt iy
t heeRAflibr® bf a thidSvalkbSRoR wbelaiycidsagieddt i on t hrough the
tube wall using a mcroscope and increase-tine by
another 2 mss if necessary. Carrier s(%Q Ld_ 15 heck
IfaRBaad thesbs gk thpame) owolgr py hrajer bigck spf gl ngg Jmins (e
M ChQaSHORErmS} nska Wiskdivedi Byrinepdotion Broufh ébe tthelwall peng e
tip wth-si G i LGk 2t A ifinbeddbArRS Carrier should
corﬁpgfogpﬁ,agﬁf%éga?@%ﬁ%jgé@ LSI-ZI ryﬁﬁér gr?ovi ngr?t he HCL in
t heheperiszalsd a5 A% MiRTIng=t he tags. 6: Deposit |id
dropl et onto mcroscope slide. Invert so-drop is
h i dro j. I-.680C dry over until
Bniracs @"‘%F’s&?’féi-‘%oq’“@ﬁ%‘#&%dd drop of Gitifluor
and coverslip. Analyse tags using a m croscope. 25
5. Treat 2l pipeite tip with -sigmacote, ensuring that it dries compietely, before

carefully removing the FCL Ta the PCR tube containing-ihe tags.

G%%EOG/OUS 186

6. DBeposit 1yl drepiet onto microscope slide. Invert so-drop is hanging drop and
incubate in 680C dry over until completely dry (15-30 mins). Add drop of Citiftuor

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

DMEM + 15% KO-SR, 100U/ml penicillin, 50pg/m! streptomyein, 2mM GlutaMAX, 1X
NEAA, 1000U/ml LIF, 100pM BME, and the cell units culiured overnight at 37°C.

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

particles o confirm viability of cells before particle addition.
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Exanpl e 10 Labelling cell units wth.-rod-shaped tags
30 3500 CultispherG mcrocarriers were seeded with D3
nouse ES cells in a single cell suspension at a

density of 50 cells per carrier in 2m gro '
w70 Ko COVEM & 155 KO SR, 10011 | mi PEVCHERGHTs

penicillin, 50pg/m strepBonycin, 2nmM d utaMAX, 1X
NEAA, 1000(3/m LIF, 100M PME, and the cell wunits
cul tured overnight at 37C. 35 Neutrat red vital
staining was perforned on the cell units prior to

addi.tio ; i t B EbaidB alumini
SuSpensions ({f ﬁ%?glg%ﬂ%gk%gfgﬁ?peﬁﬁé BinGibBS1oh® AGAR Eodidl aluminium

ticl : .
wagY O8GHaTPCTICREL A6 00SERE 28 TEitfe pafi e gpained
fromOkopiaa preithpat (Kidingen,cdifipt iasiongenBation of &xi07 Brriclagyenm!-

g WY NARAMDE0RS (k& BWaERAE 0 RPeidweS. uBed i
ngl%.g%cg%giq%%gﬂe&%%o 137-141, §ooi) ﬁe obtained from
labgiimealantieal t hcare (Kidlington, UK) at a

concentration of 1x109 particles per m. 5 Two

| T rillked=in AG%
A%ﬁ{g%goqg}*ﬁe)&%gﬁgzbﬁﬁclé%g%@@gf 490Q0%0ck WhE Bteritsedtin AGY%

‘used to label th [, unj
ctronshgpret Brbefare WS SR SIS ARET I TR 25 A MR i o
nahdbarca i@ pattictatvas taddedlte S87§-ceh w6 s 2reltmrealivel in el gf yg5-wel
ceﬁ)glfﬂ{e&ee d.@é\??f‘b NSio2R O obE SAHERENSdr QI Iufit, STRE CiEcURES. dish was
“mxture of the two LP#? P%q%rarcode particles was
incybriediat3g C @rpmichb an PSR > rediumin a wel | of
-a 25 well cell culture dish at a ratio -of 1-000
LGSR el bbaid b untd & bd Sk oL gk §vemass
FEELEIS i 0 b dilimngit gl oees
unjpgur roshaperd patigies 20dvEgR 3 HERY MR PP e e Ui Ts
Wl Feiindvbd aRd] thercoatintied ivinbility of e Ricelle frpthe prepgnagrb dimipd-
rod- ' lsmpgdied 5 times with 5m PBS.
sh?%eg. p%ﬂ%%g?ssg%{e%l bﬁh&ﬁa@&ﬁvx

VI nits were renoved and the-
continued viability of the D3 cells in the presence
in@fiddahesirnds weleajzedkitpdipn Sgmesotaysaietk glebsyicmengpe alides and

pl%c%&i 'g?%g"&lfoﬁb-a}.th Mhirksd bdufH@Impfed dehdibiich. WREE SURD pdidrase

gmacot e-treated gl ass m croscope slide -
 IFBGetPs rame AP SHiee i AL e APyl el sk
waie nraksdriiénpiacel resundiifedichanizer et the gektinennateria kg gligested
aLe O, 1vaP elieg 4l gaes tidcibat fohaliow complete
“’@%ﬁ@q?ﬁﬁ% t_aerréi {A‘F'ﬁ%ﬁ%es re ilrgrredi at el ;\pul aced
eveppraticn ofihg Prefsigse h spifian (Rl ylfrﬁ@s)gel atine materi al
had digested (typically 30-60 mns) and then renoved
AEQ ForBd Qb6 RA LAl By BME@ERIspit8nd BYBRATaInH 0veadip
ap%pllf(?e%: FE)\\rlliecrglsé/clzwr;;ﬂ%Si.r-reég;iie?rcf))l‘ Tlilwglrgga'sgé ¥Jél~s%géﬁedypa%t9:|emmgrsé)eaptaéd' using

brightfield-illumination with a'Nikon TE2000S inverted epifluerescent microscope.
Discrimination of the rod-shaped particies in the sample was achieved using a

Deltavision RT microscope equipped with a Hg lamp and a Chroma CFP filier set {Ex.
436/10; Em. 465/30) with a 100x oil immersion objective.

Further Aspects

Further aspects and embodiments are presented in the foliowing numbered paragraphs.
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A 5pl1 drop of glycerol was applied-directly to the
dried spot-and a' 13nm round-coverslip applied:
M croscopi c i mages-of The rel eased rod-shaped
particles were captured-using

WHRQ0gHIY7e| d-f 1 | umi nation with a-Ni kon TE2086FGB2006/003186
inverted epifluorescent gacroscope: 30 D scrimnation
of the rod-shaped particles in the sanple was
achi eved using a Deltavision RT mcroscope equi pped
with a Hg | anp and a Chroma CFP filter set (Ex.
436/ 10; Em 465/30) wth a 100x oil

1. AlopraRleX sAEPrisig 3 w@fwﬂg%ée?@m“é%spﬁﬂ?{’ h"é'rrgllgggsgect s and
enbodi nents are presented in the foll ow ng nunbered

2. THY %gr(enm rb%cory}% ?00944&%3%29 [ @%@@W £86 Cufisbhdr-G A

conp conprising m crocarder and a microsphere or
mquﬁféﬁ'éb%é’&l’t@meﬂi@cremrex accordi ng to paragraph 1,

wherein the microcarrier is a Cuitispher-G 5

3. %8 rc?rﬁ@é){ éc.e'ugrdgp t@pﬁér&’d‘ﬁof & p%rd'é}eﬁ)h Qgﬁﬁérélﬁ the Bicrodghere or
s Ao e shaisRBLAeT 2PN 2.
m'W‘éISﬁ‘ TprEsse eF ob 'S a
fl uorescent and/or coloured mcr osphere or m crobead.
4. Be éOm%QﬁaoE&\%ﬁé anf of@E HicB&HirgPartiabaphl, whbeinfifeniedbager

par agr erein-the mcrocarrier is
lsqﬂt’ﬁl"ﬁtﬁ% ated. 5. The conpl ex according to paragraph
4, wherein the fluorescent mcrosphere is a

5. wg rcg,gaéi g&o;ar@rteqmgfash 41 hbrein e fig@eRebmicrosphediing
g wherein the hydr Ophl lic mcrosphere
hY‘i’rgF’rﬂ“’”E%{?%’ R at e _nodified (CM.) microsphere. 7. The

conpl ex accordi ng-to paragraph 6, wherein the conpl ex

8. %ﬂwﬂng? a@co@i’rtgolﬁq{a?ag?aph 2) WibehoBa hydrephiia maicraspBide is 2
Cros e

ex according to paragraph -7,
GaWﬁ@i‘%‘?‘i‘?W@%”PMH'B”B?%%L m cr ospher e: Cyt opore 2
mcrocarrier is about 1:1. 25 9. The conpl ex

7. #& élgacwam@@baﬁafgrapﬁe AcrdHe tofplevdtaipasas at Gyppore 2
mcro IS a %styrene m crobead. 1-0. The
m’@@?ﬁﬁ’[“"‘é)@"ﬂ@t%{“dp'ﬁ'gs‘? “any of - paragraphs 1-4 and 9,

wherein the_mcrobead is streptavidi n-coated.
8. The complex according to paragraph -7, wherein- the Tafio of CML

microsphere:Cytopore 2 microcarrier is about 1:1.

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

polystyrene microbead.

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

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

Cultispher-G microcarrier and a polystyrene microbead.

12. The complex according to any of paragraphs 3-11, wherein the fluorophore is
TRITC.
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30 11. The conpl ex according to paragraph 10, wherein
the conplex conprises a Cultispher-G mcrocarrier
and a pol ystyrene m crobead. 12. The conpl ex
according to any of paragraphs 3-11, wherein the

WO RWEPEHHore is 35 TRITC. WD 2007/ 023297  PCT/GB2006/005186
PCT/ GB2006/ 003186 60 13.s0A net hod for separating a
conpl ex conprising a Cultispher-G mcrocarrier and a
m crosphere, conprising the step of contacting said

13§ome%d mrtsﬁpaiét%ed EHAPRx l&grﬁ&{gingﬁwcgm@héml nmidndm_@ a
t o paragrap. , erei e_qr . ed in
miseiteres foiHere e P onpeins Tl CAbFRIAR Brdbitede K71
par agr aph 13 or paragraph 14, wherein the conplex is
1£ ORI 2GRS Yichiding 18l RlagAER 1K Wikeit e rot@fasei 10 st w@sd inlarD
16. A _nethod for separating a conplex conprising a
¥ GHE2 and a ni crobead, conprising the step of
contacting said conplex with HCl. 17. The net hod
1RCRY bt 1 RoBRE a8 paRbadif13 vher@idph3iAYmwhiskin (thel iplexds
used.wég 18, I&ﬁ netthﬂgﬁ&ggdlng to paragraph 16 or
cqplaptad W OF et BF YR THR™E8Hpl ex is contacted with
HC for about 90 minutes 19. A nethod for

161 €L §hdthddl 188 sephR@n® b @@bleR coBiprRing raalitbporop =@aldt wicebead,
con

ditions o cell ..co j Shhgthe user of a

CC?E'EPFTJF@Z‘* %8%8r%ﬁﬁ&“’%a‘%ﬁ?}“%g‘%’ép‘@ﬂ?aﬁg;ﬁ'aphs 1-12. 20 20. A

met hod for determning the effect of a plurality of
1£ Uitk Wefho8 aRidiigQ Bar@fragh B¢Wherein GDAPICI G 2M) it el eps

of: (a) providing-a first set of groups oT cel

-units each conprising one or nore cells, and 25 |
1% x Presineihods ageardipodo peragignh 48 pr edtagaaty 17, hesRIMG paRRex is
cdnbkteg UBKHEI f6H peui®teniAliesTOr € of sai d-groups to create

a further set of groups of cel Luanits;- (c) exposing

said further groups to further desired culture

1% dheehpdinsdetanining theprfiertoha piusality playiae Fongitiersana ) -
cdnfptisihd @& add ofRlcmpiSx begding slanyanpkrggphassessi ng t he

effect on a given cell unit of the culture conditions

to which it has been exposed, .
“20. A method for determining the effect of a p‘furailt_y of culture conditions on a cell,

cemprising the.sieps 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) subdividing one or more of said groups to create a further set of groups of callunits;-
(c) exposing said further groups to further desired culiure conditions;

(d) optionally, repeating steps (b} —(c) iterafively as required; and

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

exposed,
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35 WD 20071023297 PCT/ GB2006/ 003186 61 wherei n each
cell unit conprises one or nore cells adherent to or
bounded by a conpl ex according to any of paragraphs
1-12. 21. A nethod for determning the effect of a
WrTeBI¥y of culture conditions on a cel |, PCEGB2006/003186
conprising the steps of. a) providing a first set of
groups of cell units each conprising one or nore
cells, and exposing said groups to desired culture

wSSREH bhdhRBPunitE8mprikks BRdrinitge MO adNerafDIb @r Bfundai 1 a(iosipRs
m _at Ieast-oqg2§econd pool ; (c) subdividing the

to'fo
AR P WS PAEPPRATE a further set of groups of cell
units; (d) exposing said further groups to desired
2€ Ut HétRodCramEHidrin®ihg ; thel Bifdce bt a @REAgA e conditions on a cell,
re eat'ng{st§ps (b) - (d) iteratively as required;
- &QF?§9 gga%sing the effect on a given cell unit of
the culture conditions to which it has been exposed,
a)2 gﬁ)‘(}ﬁﬁﬁ Qififst BACIA gﬁ‘o@b% ofUddl tunROEaRA ic|5rﬁ|5rismg &né b:j nofeecetis [ahd
adherent .to _or un ex according to any
OFKEQP ﬁ?d%ﬁ§§f2%ﬁ?aggﬁgﬁcﬁgﬁﬁgg-for exposi ng a cel
to-a variety of cell culture-conditions, -conprising
(b} P&bling? o oF 1868 oP<aid ddupe tdisird kiigastorkisecnd pedl; of groups
of cell units each conprising one or nore cells, and
exposi ng said rouPs t o-desired. cul ture-conditions;
(cBebgiviing Beispepgd Pomd losreatpp BIrtBer setf arogrscll pl WESif or a at
| east one second pool; (c) subdividing the second
00l to ¢ I ps of cell units;
wﬁg?mg%%%§ﬁﬁgk§%?g£#%??ﬁé?§g@§ﬁ%gﬁ#§gdesired cul ture
conditions; and 35 (e) optionally, repeating steps
(ef. Bptionallf Ay peiatir@istips ) HY(d)aiBratiedasreghired\Bh@007/ 023297
PCT/ GB2006/ 003186 62 wherein each cell unit
conpri ses one or nore cells adherent to or bounded bX
(ﬁhasg%qﬁgg@';@ effect on a given cell urit of the culture conditions to which it has bee

exposed,

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

according to any of paragraphs-1-12.

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

steps of:

a) providing a first set of groups of cell units each cemprising one or more cells, and

exposing said groups to-desired culture-conditions;

(b) pooling fwo 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

(e) optionally, repeating steps (b} — (d) iteratively as required,



10

15

20

25

30

35

according to any of paragraphs 1-12. 5 23. A nethod
for determning the effect of a plurality of culture
conditions on a cell, conprising the steps of, (a)
roviding a first set of groups of cell units each
W‘ﬁ%i%??%‘-‘ﬁng one or nmore cells, and exposi ng CdHgl0e/003186

groups to desired culturgzconditions; 10 (b) pooling
two or nore of said groups to format |east-one

second pool; (c) subdividing the second pool to

create a further set of groups of cell units; 15 (d)

exposi ng said further grou t LI I
wherghane! Gh et EEPSBETLIATT olr SRETT 5 Er e TEoms)
acdofd@igad hvedf paragraptedtiizr ed; - and (f) assessing the
effect on a given cell unit-of the culture conditions
to-whi ch-it has been _20 expos I DndBRE N orf 8 lcky,
23, L SRR ot o PR, o R B diBf,
corhydiding &b digpsaf: conpl ex according to any of paragraphs
1-12. 25 24. A method according to any of paragraphs
20-23, wherein the cell re cu ad | GSdrd AR 4nds
(@yesiinge s of FBHS g?“ﬁué‘&_&?o ﬁ%&o‘#‘)‘“ﬁé%éﬁ@g ol grghrs, oA
expoeinl sald goops id desjred outpracorftiop® 24, wherein the cel
units are single cells. 30 26. A nethod according to
any of paragragphs 20-25. wh ' LI e
(d)earlng f"f"b‘?fémg‘? % sa ﬁ’f’%szt? Bm%a?%ﬁétgﬁi%;gl “T% exposed.
27. A nethod according to paragraph 26, wherein the
InAdifPE 8dcBndB1 18 EreBiR heurthe P&t bff greupa gt snitshi ch
(@gﬁ “ﬁg%@g a c%llular process. 35 WD 2007/ 023297
PCT/ GB2006/ 003186 63 28. A nethod according to any
(d)akpeEnyagiddpther @612 o degirsicaiiyie CoMEiieRs | cul ture
conditions conprise culturing at one or nore
specific tenperatpyres, . 2 . ording to any
(e)&p“‘ﬂﬁp%&pﬁﬁ%'s% 2 g’g_ ?d\)\ht%fgﬂé’ieﬁ a?ﬁéeqnﬁg%’ ?ﬁfc ulture
conditions 5 conprise culturing on one or nore
(ﬂ%%%i%ﬁle%ﬁ&ﬂaﬁ algRsn col Qnit éF the tifack dooditicne emwtidhyil Irag been
gene i ch influences a cellular process, conprising
exppigdst eps of : 10 a} determining the effect of one or
nore culture-conditions on a cell unit, in accordance
wherein each cell unitcomprises one or more-cells_adherent to or bounded by a complex

according to any of paragraphs 1-12.

24. A method according o any of paragraphs 20-23, wherein the cells are cgltured in

cell units, each cell unit comprising one or more celfs.

25. A method according to-paragraph 24, wherein the cell units are single cells.

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

media to which the cell is exposed.

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

specific agents which influence a ceflular process.
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wi th any one of paragraphs 20-29; b) anal ysing gene

expression in said cell units when exposed to said

culture conditions; and 15 c) identifying genes

which are differentially expressed under desired
weyTAB®Icondi ti ons. 31. A method accor di n§CH§B2006/003186

par agraph 30,. wherein tlag desired culture conditions
i nfluence a cellular process. 20 32_ A nethod for
produci ng a nucleic acid which encodes a gene product
whi ch influences | X , MR tufd Bditions
28; &éﬁ'ﬁﬂi‘qdﬁcﬁoéé{"gat%gagﬁgf pl%ﬁaglgg l&%?%lg{i g@%ﬁtﬂ%&@g}gr agraph 30
coraprisp anlagnagsiend o more Arece EREEREFSat | east -t he codi ng
region of said gene by nucleit acid- synthesis or

bi ol ogi cal replicatjon, 2 38 -wh Rke conditi
28] rﬁ\dﬁﬁé‘?‘}ﬁig%@%{d'@g}ol /Y g%rpafﬁg gsé &0 E%orrpr @%géﬁtc e ste ps‘ons
co@prise Caljuringlemdriefoy imogs sperdficsubatrgied genes which are

differentially expressed in association with the

cellular process in accordance wt o

par i " ati ng e expréssion“gf
0 ar A G T IS0 SOR0T D BT Pl SoaRE iy
thes@iépd obne or nore genes in the cell. 34. A nethod

according to paragraph 33, wherein nodul ati on of gene

expression in he cell c ris I ;
o) GaP IR TS P ok 67 RGE PRy P4 Sl A Bedloance
witRQRy 623 BaégrBGhE/ BB2006/ 003186 64 35. A net hod
according to paragraph 33, wherein nodul ati on of gene
expression conprises the exogenous adm ni [ f
) angleie 5o BETo0e n Akl B B CRer rotisa  ferafer,
ard@f a cellular process of a cell, conprising the 5
steps of: (a) identifying one or nore genes which are

differentially expressed in associatia .ﬁiﬁ] %ﬁa

o) iniyinegenes wedL e DFoRREY SR T SeaPa e colgfore.
par agraph 31; and 10 (b) detesting the nodul ati on of -
CXR %ﬁl’o& cQer' kgl p8 fH 30DWBerdf RS dbdwed cOldrd conditions

?%hgﬁgby ghtEH ni hg ?ﬁe state-of-the cellul ar

infyepescseeigar eES-cal | .

32_ A method for producing a nuclsic acid which encodes a gene product. which

influences a cellular process, comprising identifying- a gene in accordance with

paragraph 30 or paragraph 31, and producing at least the coding region of said gene by

nucleic acid synthesis or biological replication.
33. A method for inducing a cellular pracess, comprising the steps of:

{a) identifying one or more genes which are differentially expressed in association with

the cellular process in accordance with paragraph 30 or paragraph 31; and -
(b) modulating the expression of said one or more genes irt the cell.

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

the cell comprises transfection of said one or more genes into the cell.
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37. A nethod according to paragraph 36, wherein said
one or nore genes encode a nmarker. 15. 38. A nethod
according to paragraph 37, wherein said nmarker may be

-an i nmunoassay. 39. A nethod
W?ﬁ'&d&?sﬁgd a ceI | ul ar process, conprising theCs{GBﬁg%g)Ps.l%

20 (a) determ ning the eﬁﬂect of one or nore culture

conditions on a cell unit, in accordance wth-any

one of paragraphs 20 to 29; (b)-exposing a cellLto
35C Ul A YhBnoR O elirkihg RS pabidrair 33) Guher@int edutatibr ol geme prpressins);

d [1. 40. A
COWBT%Bé'efﬁégep%‘gﬁgmws rat%ﬂg%‘&eng??ddﬁ i gﬁ i s capabl e of

i nduci ng a ceIIuIar process, conprising the steps
3607 : A3LtHoR ror dIneH il BieNBaté bea ediliae brocdss ohe celk opprising the
g ts on a cell unit, in accordance with any one of
stepaPhgr aphs 20 to 29; and (b) identifying those
agent (s) which induce the cellular process in the
(aFi@érlt iohé or mfsr% g\é&szmaf 41 aﬂ%nﬁ%ﬂrsrfﬁif@ﬁm@m@nb?@
or [ hehzhe capable
“ﬁﬁdWﬁﬂh%?ﬁﬂngmmraﬁﬁ ar 6%%E%H3@a%%gﬁpr|5|ﬁg the steps
of, (a) determning the effect of one or nore- agents

P&b‘ta%hﬁgi%b ieBiihtionioR extaseibel anesd vretdn nengy/gends prrecalf thereby
r yyi ng those agent(s)
de&)ﬁ’ﬁm@ﬂ’ a%&%’éegtq? Ceégypéegg sog%ﬁ%r process in the cell

units; and 10 c) synthesising or isolating the
3A0e A h&Nod seordify BRkaRGEpACE,areratrgsaidoonemy mofe gehes encode a
gecedlng clains, wherein the cellular process is
m prollferatlon or differentiation. 15 43. A
met hod for culturing stemcells or cells that--have
seen gdarddvadoring o pdragtaphed7, sherein said marker may be detected by

-an immunoassay.
3g. A method for inducing a cellular process; comprising the sieps of:

(&) delermining the effect of one or more cufture conditions on a cell unit, in accordance

withany.one of paragraphs 20 to 29;
(b)-exposing a cell o culture conditions which-induce the cellmiar process; and
(c) iselating the desired cell.

40. A method for identifying-an- agent which is capable of inducing a cellular process,
comprising the steps of:

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

one of paragraphs 20 to 29; and

(b) identifying those ageni(s) which induce the cellular process in the cell units.
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in vitro conprising the steps of: a) incubating a
stemcell-culture; and b) splitting said culture,
into two or nore groups of stemcells, and culturing
said group of stem cells under two or nore
WRROTEBEt sets of culture conditions 26 whEFEGF2ELASe
cell unit conprises one-obf5nore cell s-adherent.to or
bounded by a conpl ex according to any of paragraphs
1-1112 43. A method according to paragraph 43,
4nher/einsthbdver repdrisg am agentivhichr e dapahle®g Induaingi a jlularZfocess,
- I 4 conprising one or nore cells. 44. A
Ccsarrr@?%g%mgé’% %‘J{;L ng to paragraph 42 or paragraph 43,
wherein the cell units are single cells. 30 45. A
(aretiaadnifipihe efidct off dna@r stoenageets| ap, a @ ik, iirs agegrdgroewithgny
' I .adhered to a conplex according to
o'zeﬂéjg%%&%@s%rté\p s 1-12. 46. A nethod according to
par agr aph 45, wherein said stemcells are subjected
(bh edffyind BoiagoRtQ) whianpau®fthe Bdsired e=liclamntibdesonshe G uvils;
40P07/ 023297 PCT/ GB2006/ 003186 66 47. A nmethod
according to paragraph 46, wherein said change of
culture conditions conprises a change of nmedium 48.
c)Ayhmédtng of Belatml i saeme).di f ferentiated cells from stem
cells in vitro, conprising the 5 steps of, (a)
row ng stemcells adherent to the conpl ex according
42%90 dnyrethed apaprdigg ATy of the precgding claigp.rwieesinieed PelHier pragess
is icelapslif&ation BEdifdientisinpl ex from one cul ture nediumto
another; 1TY (c) optionally repeating step (b)-as
requi red; and (d) obtaining the differentiated cells
43t t LeRehed for quering Siap s oueplls athars brpn Jetisr frmgtanycells
inpaaginhapihgdid stapher:ei n the differentiated cells are

i sol Lc..or.chem cal detachnent from
t he a?k%a@?.?%%gé%%hg&%ﬁﬂod- according to -paragraph
49, RAREER FalE FtuEsZp MO PSMBTEETRHPR ST oolis, and cultiring Said

group of stenr cells under two or more different sets of culiure conditions

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

according fo any of paragraphs 1-12.

43. A method according fo paragraph 43, wharein the cells are.cultured in cell units,

each cell unit comprising one or more cells.

44, A methed accoerding to paragraph 42 or paragraph 43, whersin the cell units are

singte cells..

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

a complex according to any of paragraphs 1-12.

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

least one change of culfure conditions.
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51. A nethod according to paragraph 49, wherein the
chemcal is t1d. 20 52. A nethod according -to any
of paragraphs 48f0 51, wherein the differentiated
[ | re isolated by digestion of the co
Wég@gﬁﬁ?ﬁg to any of paragraphs 1-12-. 53. E%@‘h”%“é"‘%?“
growi ng pluripotent stem&ells in vitro conprising
the steps of. 25 (a) seeding said cells on the
conpl ex according to any of paragraphs 1-12; and (b)
47p" OpagAiidddgciriieg @elatgraph b ewterdina sdid dhange ofraliure ppridians
A . 1 dentifying one or nore area and/or
mg'éﬁsselstagﬁ%/@lggé@%%"b' a tag obtained 3(1 froma cell
unit conprising the steps of: (a) obtaining one or
480101 @ mgiRgds: obfairiryeliflergtiatddoelsiranstag celst it vite Somprising lfee
Steg)g%f,or nore i mages; (c) loading the outlines for the
ne or nore i mges; and 35 (d) reading the area
and/ or brightness within the one or nore outlines. WO
(aPEOVNG 23R LAIFUIRERZON6 LAHE&8H:corbifg Bbany Af pastarepds 1-02 in a
identifying one or nore area and/or density val ues
146 UQFT%& obtained froma cell unit conprising the
(bstranserriyy the(epnplse em ae Gyliure Aediu@nip apgfie: and the tag; 5
mﬂaﬁo&ﬂyﬁb&mm@s@ﬁ@»@ﬁmﬂmﬂﬂ;mmmges_of theltag u?ing ﬁ
r.ascopi.c te | ; outlines for the
wgﬁ%m%?gﬁgF§k$?%g%§%%%ﬂ?d%§g)|ng%% e outlines for the
one or nore images onto further correspondi ng i mages
40 RtrrdttiRthcbistiing todpathighable 18 ntherdrcthe sitfepitiatet eclisrarajiseated by
a)_readin i ghtness within the one
“%P%%%PECSM |%%§£%S?8aﬂgkg%ﬁ@%hbd- according to
par agr aph 55, wherein step (e) conprises counting
58 RCHh&thod_ca@Bi foyiangraphn 40, sherbrine ehzfheserteiraagk. i n one
or nore cell units. 57. A nethod according-to
paragraph- 54 or 55, wherein the netho onpri ses
5% émﬁgﬁqq@w%ngafﬁ @rigeragh A Wherginily %‘Fmicgéssd'?&di fferent
types of tags in one or nore cell units. 58. A
Sfﬁ{lﬂ&géuag&ggdﬂé Pa épof ﬁ%@gﬁlﬁoﬂ%‘@% Ofvhérain tHANBFRinfhatéd&:lls
et hod conpri Ses counting andJor cIaSS|fy|n€%up to
arg fselated by digpefign PighaeRREx SEPORTING B ARAS PEPHBR S ™ ags i n
one or nore cell units. 20
53. A method of growing pluripotent stem cells in vifro comprising the steps of:

(a) seeding said cells on the complex according to any of paragraphs 1-12; and
(b) propagating the cells while aftached to the complex.

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

from a cell unit comprising the steps of:

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

(b) drawing outlines for the cne or more images;

{c) loading the outlines for the one or more Images; and

(d) reading the area andfor brightness within the one or more outiines.
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59. A nethod according to any of paragraphs 54-58,
wherein the area and/or density values are inputted
into a spreadsheet 601 A nethod a”*-cording to any of
(gara raphs 54-59, wherein.-the image is selected from
BoUF %roup consi sting of a phase inmge, &CH{GFaI06/003186
image, a green image, a nédr red image and a far red
i mge. 61. A conputer program product including .a
conmputer programfor controlling a conputer to
Spet frsthad &or frebiifdidg ase olredrereataiand/amndensityevatibs foa b dgr aogeiresd

2 a0QH uniQofdrisiy theBalat us for identifying one or
nore area and/ or denS|ty val ues for a tag, said

apparatus conprising data processing- |ogic operable
(a)oseparefingie af bl ddloessi ng  operations in accordance

(®iobBing BRI &%r@ﬁna@b@&ﬂﬁ%d Rird iSSPt tRANARN aphs
d for determ ning the chronol ogy

gﬁffwf"ggl’\ "GF;? 5¢ T"ﬁé’r 8rel'm?,qﬁ’F't ure conditions to which
(& leading ﬁberntltlmbm@r lfecome ox porcitiagesngntd ity comespertdiag Smadfes
o%@dl%mﬁ%%f%%n?@uc?os%@t@gﬂ&@lalg)cp31?6 ?8 t(al) .

mts of at |east one
SRR b g P BB I s i slirBrent o e

at | east one paraneter of the tag; 5 (b) conparing

56.he rﬁa%raﬁ JOBAREi ﬁﬂ&mégrépﬂ r55t meraﬁ sles Q@)tmﬁlﬁﬁsea ;’é&&ﬂﬁg zt%for
e a | eas

Bt Wl G ot BT e e 88 ¢ el ot g ¢ he
measur enent of the at |east one paraneter of the tag
5M A Phethb@ adc8Ritgith Yaragthpt 92 b8 GvIRASPRE MbEd WinkdtisdshBunting

= by st e oo R o R LR rE el Rt ne mear

measurenent and the nmean neasurenent is |ess then
58. rmmemb@add;a:ﬂe-b tb bﬂhéra;ihhﬁrbr 65 vhetaRS mBihed b&mgesl coifth§

e co th
el Th AT Pl Blon o R G AP BRL b e
C‘?Ha‘f"ﬁrreter of the tag 15 65. A nethod accord| ng to
paragraph 63, -wherein if the | ower Iim't is - not

e asur ement
55 ﬁi\'ﬁ@ﬁ%c%olpg@ {TE z%ng s) garaqrﬁp thﬁ eH'em ﬁb paer?a ?rfd(ﬁrtdensﬁy
V%'%ﬁfetwﬁ%ﬂpbféras@mdﬁif@%r limts of at |east one
further integer of-the sanme paraneter of -the tag is

Gm&‘ag&j&mﬂir}g to-any of paragraphs 54-59, wherein-the image is selected from
the group consisting of a phase image, a blue image, a green image, a near red image

and a far red image.

61. A computer program preduct incliding -a computer psogram for confrefling a
computer to perform a method as claimed in amy one of paragraphs 54-60.

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

63. A method for determining the chronology and identity of the cell culture conditions to
which a cell unit has been exposed comprising the steps of:
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20 66. A nethod according to paragraph 65, wherein if
the lower Iimt is less than the nean neasurenent
and t he nean-neasurenment is | ess then#han the upper
limt then the -at |east one further para

WRHAR:HY7i s neasured. 25 67. A nethod accor g’gﬁi’g&‘%‘g’%{“ﬁ_\}“
of paragraphs 63-66, wheesin if the nean neasurenent
for the at | east one paraneter of-the tag is greater
than the-lowest limt for at |east one paraneter
of-the tag, then the result is correlated with one or
nore tags that posses

e gamarale H TR TRY: Yo ead o AEERLEREL BERAELE podd

meah&@mnhoﬂtlfeatthestrmanafﬁ@a@mf&?é‘?ﬁ for the at |east one

pararreter of the tag is not greater than the | owest
r the one or Obr &% @ Qith th
(b)tcﬁ'@F\a"f‘%g‘ e MR MearL e | eﬁhgle %% Q%%Sérﬁm " That %ossegs
lovtekigimit fa Hherableast onggarggeternf fetdhendaccor di n g to

par agraph 63, wherein if the lower [imt is not |ess

(c)lcgrr%n%%gh %8 g'gg?aLﬁn%’Her? ﬁ%ee: ?ﬁgstist er;bdpa‘ 1 BfHe [H%QﬁtH I VB Mty

e upper limt for
of (6 Gip/2628aed witohecBbo®6/ 003186 69 t he at Ieast one

further paranmeter then the upper and lower limts of

‘64016\ nilaﬁ'@st opdig’lgft(l#régl’ggl%%l‘l déﬂq’fyg&%ﬁ :f%e IW Ilﬁﬁﬁﬁesg HAMR Fdan

accor n
mq@amragmpm 88, megemeasyreNeat iSO @8‘? Eﬁelﬁlé’%’d“"ﬂto\&'e'b fe
an@ IdWRF BnisUsftahRifthdrjatgets oofhettkgaarsmp@ratﬂ avitle thermesgh

h 69,
m%ﬁlg?rg?rﬁf(){ ﬁt]reas rﬂ%udﬂi pﬁ&rﬁ&ér‘%f paragrap

S repeate or all integers of
the same paraneter of the tag. 10 72. A-nethod

esa@crﬁétﬁamo&&n@&r G@sghain 838whankie if dierlovrdr it és hadiess tHan et

is less th {?ﬁ :
MR AP ERETL 91 e'ggéar{]hen %ﬁ%ﬁﬁ?ﬁg lﬁﬁngEﬂ [ rr]nm:%a{%g?: hmth
thext the Iuemflﬂﬂfbhé'eff limiisiob At Ipagt apRLEeT BfRg f‘%@‘ TEgYg Paramest

thdBasUfaeeed. for the at |east one parameter of the
tag is greater than the lowest |imt for at |east one
paraneter of the tag, then the result S, q&re{kg&g‘%
66,/ hetind@cesydingp darag e Pﬁd%hewé%%%@w?'ﬂ‘g‘%ﬁq BSSoPT
m&%ﬁr@ﬂ&rﬁt%ﬁ& thé Pnekd: meastretnaaids iks< hiedihag theoupper il thgrhthe 2t

le%g urenegatrénjﬁcff%ﬁ@étﬁysmléasmédl ess than the nean

an nmeasurenent is |less then
than -the upper limt for the -at |east one further
gA rﬂ&ﬁ&c&{cccﬁﬂiﬁg tohehy e panagrets B EApwiterdingf the Inean mepagespent

for %3 eas one pearrargéter of-the tag is greater than the Jowest fimit for at least one
parameter of the tag, then the result is correlated with one or more tags that possess thie-

one ormore parameiers.

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

parameter.

69. A method according to paragraph 63, wherein if the lower limit is not less than the
mean measurement and the mean measurement is not less then than the upper limit for
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thatag is not greater than the-lowest limt for the
one or nore paraneters of the tag, then 29- the
result is correlated with-a-tag that-possess the
arameter. 74. A nethod accordi ng to-any
‘ﬁ?"“"'ﬁﬁ?z%r aphs 62-72, wherein the paranet er [§}/CPTPOARES
tag are selected fron1thm group consisting of size
of the tags, the type of fluorophore that they
carry; and the quantity of fuorophore that they
tné?éméaxt ond Rurthér pafaridédtRgthe apedarrdow:n ipiy ofgtt Bpst oni further
n the siz I from5 different
‘"tg‘qeigfghesfg'epﬂm%feﬁoﬁk Q%rﬁ %‘ggl%o par agr aph 73 or
par agr aph 74, wherein the sizes are 30 selected from
7ot tﬁm@tﬁ&ﬂﬁéb?ﬁﬂﬁ@ igts phiagrapi sab@utéemlﬂws thagaé@eage%mmgpne or
m Qut wapout m
@ﬁ%ﬁ“&?coﬁﬁ%ﬁég 3 %ﬁﬁégkﬁgﬁrggraphs 73-75, wherein
the fluorophore is either UWV2 or Starfire Red. 35 WD
712R Q%fh@@é’z%%m&%r HArRR ACIIDRLA0 the THi:t108 is rdpenbidforchll integers
; corgln g to any .o clainms 73-75, wherein the
°8ﬁ3ﬁ? OF 11 uorophore is selected from5 different
quant|t| es. 7-9. A nethod according to paragraph 77,
72\R SHeBlbl a@dfingdd béragrapt 6aq wassih tjhegowee $miisBegsghan(he Bean
e ohrgngr'ltfa]{u? 'iheer‘r‘ﬁgarl Hﬁ?J&GegﬂI%{‘ﬁés #R8: thah ﬂétubaéhﬂﬁiq@rr 1 Bg

arag wher ej n re are
least fPffeéW@ﬁ't Paffﬁ'éﬁ*%’r?@f’ Hednea MeBireRa; f@f*@ﬁfﬁ?ﬁ P “‘e?ef of
th® @gUd Qﬂébt@rnﬁxan 2 18dest fiAi foe toh dst coapherete obihditag they the

resurp(s corretgtgcr[ A ARG nfife 1hgs tﬁt%&%@é tRe SRLd nfofd pardifbidrs.

I'ses one or nore cells adherent to or bounded by
a -conpl ex conprising a mcrocarrierand a
7P Hsthodr=eeRding ©rpakeeagh 78 Aherkiniighdioderdiodidy Bsertgart the mean

mgasurergler?tpa?d & mu4e Fn%égﬂlr%ﬁéﬁt @I%Qﬁ@ﬁﬂan the upper fimit for the -at

avi din-. coate m@ﬁge P] taccoara Nd
leq%mpsféwﬁ@f AT %5@“1%?%@%?1‘“%‘19 PaH Y RE R ex
the BERY riob@8atar thal thé Bphs limGionthe rog anmdee parAdetars of the tag, then
tﬁ% ?e'cs)%'u? %éﬁe%[lﬁ% v@.%&&&ﬁ%oss%&s hOpGAABYE er  program

a comput er pr ogram for controlling
a- 20 -cornputer_to performa nmethod as clainmed in
T7RMYmERSRicc@aih@igrap hspabRrPhs 62-72, wherein the parameter(s) of the tag.

are selected from the group consisting of size of the tags, the type of fluorophore that

they carry; and the quantity of fluorophore that they carry.

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

sizes.

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

77. A method according to any of paragraphs 73-75, wherein the fluorophore is either
UV2 or Starfire Red.
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-85. An apparatus for determ ning. the chronol ogy and
identity of the cell culture conditions to which a
cell unit has been exposed, said apparatus conprising
Wg%o%m%pces& ng | ogic operable to perfor m%%%mmss
rocessing-operations -in.accordance with
met hod as claimed in any éRe of paragraphs 62782. WO
2007/ 023297 PCT/ GB2006/ 003186 71 TABLE | Tag O Fl uor
[Fluor] #TRITC Additions to Basal Medium 1.1 4.4 W
78 A nia@roN eRgording2todany ofspaims 7375, 1wivgeiny fhe auaNisf figorgphgre i/
sected kR0 it bddrtkSFP1 +5 ng/nmi BMP2 14 74 SR 5- +
10000/m LIF + 10 ng/m DbPG-F 1.5 7.4 W4 + 1004 U m
LIF+ 20 ng/m TPO 16 74 U/ 2 + 1000 UmM LIF 4.1 4.4
7SR method-acP@dingiorparag@pIPT7, wherzingzagh diffajert quantity gjvieg)p fito 10-
fold \Sfeflende RbBgMeést 2. 5ng/ M TGFP1 + 5 ng/ml BMP2 4.4
4.4 SR 4 - 40 ng/m SCF 4.5 7.4 SR A +- 20 ng/m TPO
4.6 98 W I + 10g/m 1TS 6.1 F4-- SR- 1 - 30 ng/m
80.| 8 methp aegrding t Bay @ ParRgBPIRE2479, wisgein tere are 3p fo Dejfferent
patenBibrslah® s@4#drint Eters o pol@laibnsM CSF 6.3 9.8 UV 3 +
1,0 g(m ITS+ 3 Un EPOG6-4 7.4 W I + 10 g/m ITS
+ 10 ng/ml' MCSF 6:5 4A W5 - 20 ng/ml TPO + 3 U ni_
Sﬁpam@hadecompmxsaoosdxnmtomy@pﬁmgw@«ﬂgzﬁ%thfn IFeesrellgini
cotnptists oned or mdk: Bgﬁrﬂuhéﬂ;& th #Obdigdadl by kbeompix WorrpriditdOa
20ng/rr1 IL6 + 10ng/m M CSF

mé“fTaTeiPUgﬂpﬁg”%ﬁege 'ﬁ”'{" %3+20ng/m IL6 8:2 7:4 SR - 5 -
30 ng/m 1t3 + 20 ng/mM 1L6 + 3 Um EPO + 1A ng/m

st ASEtho®accoing 1d-Dardgraph Bk tikein. thSmkdibahd iIERE ptavidin-coated:

83. A method according to paragraph 80 or paragraph 81, wherein the complex

comprises a Cultispher-G microcarrier and a polysiyrene microbead.

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

-85. An apparatus for determining the chronelogy and identity of the cell culiure
conditiens to which a cell unit has been exposed, said apparatus comprising data
processing logic operable o perform data -processing-operations -in. accordance with a

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



.4 W 2 10 g/m 1 TS+10 ngfml MCSF - 8.5 7.4 SR
glm TPO +3'UmM EPORS5 - 20 ng/m TPO + 1V
MCSF 8.6 4.4 S 8.7 as W 3 - 30ng/n
[ L n IL6+3UmM EPO 8.8 44 W 4 + 3
W‘ff‘% %8”%/ IL6+10 nglm MCSF 10 1 30 n8 @B?qf 003186
20 ng/mM 1L6 10.2 30 ng/ @&l I1L3 + 20 ng/m 1L6 + 3
Wm EPO + 10 ng/m M CSF 10.3 20 ng/m TPO+3 U n
EPO 10.4 20 ng/m TPO + 10 ng/m MCSF 10.5 30 ng/ m
IL3 + 20 ng/m 1L6 + 3TABUE1EPO 10.6 30 ng/m L3 +
20 ng/mM 1L6 + 1 0 ng/mM M CSF WD 20071023297

CT/ G32006/ 003186, 72, Lsgend Lo Tablee dbistyatthe
Teandi t9 ohBuardires| HEECHe exper i RSRERPS \REF g

thefcorresponding tags [used to | abel mcrocarriers

exposgd ot ffosg TPNdi T1j0NS. Tag nonencdmdtRar e denot es

phe - Satayspfitheexpertment —and the oeX pejoMsent al
A4

Py —gonRt-ti-om)——Col U TiP: Tors + Jndf BF2

e ' _ :

c'3f1ar acteristilcs of !t he correspondi-pgtag,i—e--size
- ) I HBP+ 10 0o/

t4li anéfel )R f|l udr ophote | dentjty Py DI om0y “?ﬁr o

Red)[; 77 yovogdhore | ntensity (1 1o 'P’m‘“%”ﬁ'?gﬁl‘ﬂf?n

aed whret hewov fjhezta) was| TRI TC nodi f i 60 VPB4 each

—gondrtizon g the TRtT+X, fThe Tinal cosegntmeetl ons of

e EH-eReRt—groY h_faul or-s—andf oT n{gw,ﬂeﬂgens
esient _in thHe bas ned-um-are—n

| |. ||U
#nal %ol ulh.| Wo 20077 028297 PCT/AEY] RE‘%XBQ'%%R&"”’%

e

Al puidl [ cEtijond mentiongd in the abov"%“gg?ﬁg%l fication

ace hewel nsi-ncomponat €d by ref er ence 20 N&#TIBus

pgdi iggaa'igms and far +at f ons of the dewmegmiyed net hods

aﬁd SYSit em “F - L1nc yentiom w1 @@ng&npﬁrﬁﬁgﬂmﬂlﬁ
t.hnq Qk' H-the-artwd fE” L3+§§:E;f?rm + 3 m'EPcb'Ho'ﬁamaM-CSF
§2opk “and”Splirit ¢f fheliiVention ouah p

BAvent%fon HAas| beéen idesdcribed in coﬂ?f’@ﬁ"f‘fr%h%v{n 7l d

spec| Ta4c |prefler red [enbod| ment s, |ﬂ°@ﬁb‘ﬁﬂ‘°6€‘“‘“‘$‘:

ggUersdoodw i@t s he 1 Aventi on as che/meto +§ ot not

he—uhegy—Ei -t egd—to sucir SpecT T & gRibed i+ Rogkns-CSF

Ié.g de 2d4f.4 AGPHS3 - 30 ng/ml 13 + 20 ng/mi 1L6 + 3 U/mi EPO

6.8 g8 uv 5 - 30 ngymiiL3.+ 20 ng/ml L6 + 10ngml M-CSF

8.1 4.4 : SR 3 - 30 ng/ml IL3 + 2@ ngfml L6

8.2 4 SR 5 - 30 ngfml 1£3 + 20 ngfml IL6 + 3 U/ml EPO + 10 ng/mi M-ESF
8.3 2.8 uv 1 - 10 pg/ml ¥T'5 + 3 UImtEPO

84 7.4 U 2 - 10 pg/mil ITS + 10 ng/ml M-CSF

8.5 T4 SR 3 - 20 ng/mt TPO + 3°U/ml EPO

86 44 SR 5 - 20 ngml TPO + 10 ng/ml M-CSF

87 4 98 uv 3 - 30 ng/mi I£3 + 20 ng/ml 118 + 3 U/mi EPO

8.8 44 w 4 + 30 ng/mi L3+ 20 ng/ml IL6 + 10 ng/mi M-CSF

10.1 30 ngfmi 1.3 + 20 ng/mi ILG

10.2 30 ngftmi 1L3 + 20 ng/m] IL6 + 3 U/mi EPO + 10 ng/mt M-GSF
10.3 20 ng/rl TPO + 3 Wil EPO

10.4 20 ng/ml TPO + 10 ng/ml M-CSF

10.5 30 ng/ml 1L3 + 20 ng/mi IL6 + 3 Ufml EPO

10.6 30 ng/ml 1L3 + 20 nghm! ILG + 10 ng/mi M-CSF




10

nodi fications of the described nodes for carrying out
the invention which are obvious to those skilled in
nol ecul ar biology or related fields are intended to
be within the scope of the follow ng claigg
W(ﬁﬂmwfgwﬁN M5 1. A conputer program product |lr(1%9mg(| né%
a conputer programfor c@&trolling a conputer
performa method for determning the cell culture
history of a cell unit |abelled with nore than one
Leden8 i1 Sing the steps of: (a) neasuring one or
nmore paraneters of each tag that is used to label the

cell unit; (b) identif ch ta the c
Listyeff the camrlifiopg JoraRspipG Fhsteﬁ?ﬁ "?ﬁ?ga?ms‘ﬁt ﬁ(’}‘}dﬁ%f”“g%%“"%‘%éa%s
uséahte IAbdERiciocaias etdosedae Itﬁosel noriditiamd Teg nanteacisiyescdenptes the
dagbo the e#rl}:ngléreang %%(Eérﬂ%taﬁ Qor}&ﬁibﬁ; tﬂa? B&\dﬁﬁ@ﬂl)' Chlithis PB%st
¢ er 8 identi
thea@t@acggnpﬁg:s tah they earRePPNdih E8ei- % "'?‘T‘e W@g“? ﬁ'°§°p§°re Identity
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thd vl gdlueinocarrier is a porous or a soli d
m crocarrier. 5. The conputer program product
according to claim4, wherein the porous mcrocarrier
is selected fromthe group consisting of Cytopore
-mcrocarrier (eg. a Cytopore 1 mcrocarrier or a
Cytopore 2 mcrocarrier), a Cultispher mcrocarrier
a Cultispher-G mcrocarrier, a Cultispher-G
m crocarrier and a Cultispher-S mcrocarrier, an
Informatrix mcrocarrier, a Mcrosphere
mcrocarrier, a Siran mcrocarrier, and a M croporous
MC microcarrier. 6. The conputer program product
according to claim4, wherein the solid mcrocarrier
is a Cytodex mcrocarrier (eg. a Cytodex 1, Cytodex
2 or Cytodex 3 mcrocarrier) a Biosilon
m crocarrier, a Bioglass mcrocarrier, a FACT II
m crocarrier or a DE 52/53 microcarrier. 7. The
conmput er program product according to any of the
precedi ng clains, wherein the
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paraneter(s) are the size of the tags and/or the
optical properties of the tags. 8. The conputer
progran1product according to claim7, wherein the

0 properties are selected fromthe
W()C%)h 23% 97 Q{fﬁigkﬁzooﬁmﬂslsﬁ

ng of: light reflectivity, colour,
fluorescence em ssion wagel ength(s) and the
fluorescence em ssion intensity. 75 9. The conputer
program product according to any of the preceding
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wher el n Crosc
shadd oot e tndyly dified rt‘bLﬁHG'?: oﬁﬁ%‘l‘@t |eﬁ‘g %]Ferﬁ?l gﬁ'ﬁg‘?dr efgeus
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m&b&ﬂ@@ﬁﬁ@w contrast m croscopy, varel contrast
m croscopy, polarizing mnicroscopy, interference
m croscopy and fl uorescence m croscopy. 12. The
comput er program product according to any of clains
9-11, wherein outlines are 15 drawn for the one or
nore i mage(s) of each tag in the cell unit in the
field of interest. 13. The conputer program product
according to any of the preceding clains, wherein
one or nore fluorescence i mage(s) of each tag in the
cell unit in the field of interest is neasured. 20
14. The conputer program product according to claim
13, wherein the outlines for the one or nore
i mge(s) (eg. phase inmage(s)) are | oaded onto the one
or nore fluorescence imge(s). 25 15. The conputer
program product according to claim 13 or claim 14,
wherein one or nore fluorescence i mage(s) of each
tag in the cell unit in the field of interest is
measured for each fluorophore that is used to |abe
the tags. 16. The conputer program product accordi ng
to any of clainms 12-15, wherein each tag 30 in the
cell unit is identified by reading the one or nore
paranmeters of the tag wwthin the one or nore
outlines. 17. The conputer program product according
to claim 16, wherein the one or nore paraneters of
the tag are the area and/or optical density of the
t ag.



35 76 18. The conputer nggram product according to
any of the preceding clai wherein the one or nore
“paraneters of the tag are inputted into a
spreadsheet. 19. The conputer program product
cLAImecording to any of clains 8-18, wherein the 5
T TTuorophore is selected fromthe group consisting of
a fluorophore that emts a blue, green, near red or
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The conputer program product to any of clains 8-22,

2. THBeoR rpOteﬁ' hodt@n biddictohccofding to pleimet i whereire thee thetthvaghis -an
S different quantities. 20 24. The conputer. program
aUtO"Tﬁt%’EPE °dccording to claim23, wherein each different
quantity gives about a 5 to 10-fold difference in

3. Thé Eérgpﬁc}gﬁ&%ra?rﬁproahﬁ a‘E:Egﬂa &b c%ﬂrﬁgr&re}é?ﬁﬁoﬁ WHerain the ce2115un[t is

acco e preceding clainms, wherein
boundheicéwewdéoatm!bmstrlez di fferent paraneters. 26. The
conmput er program product .according to any of the

precedi ng cl ai ns, vvherel ._each. par ter has -
4. Thpg@g}pu@rcﬂr?grg%ﬁp Pt %%épfcgng 51511 ﬁng\ea (WTEh g}lcrocam eris a
porou|ropgrsgm Rlcasideteraccording to any of clains 1-25,

wherein each paranmeter has |ess than or equal to 20

different integers for each parameter. 28. The
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€ %"ﬂﬁ t@ 02&% hfSscahan (85, §A8@bpore 1
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microcarrier or a Cytopore 2 microcarrier), a Cultispher microcarrier, a Cultispher-G
microcarrier, a Cultispher-GL mic;roc_:arrier and a Cultispher-S microcarrier, an Informatrix
microcarrier, a Microsphere microcarrier,_a Siran microcarrier, and a Microporous MC

microcarrier.

6. The computer program product according to claim 4, wherein the solid microcarrier is
a Cytodex microcarrier (eg. a Cyifodex 1, Cytodex 2 or Cytodex 3 microcarrier) a Bicsilon

microcarrier, a Bioglass microcarrier, a FACT 1ll microcarrier or a DE 52/53 microcarrier.

7. The computer program product according to any of the preceding claims, wherein the

parameter(s) are the size of the tags and/or the opiical propertieé of the tags.

8. The computer program product according to claim 7, wherein the optical properties
are selected from the group consisting of: light reflectivity, colour, the fluorescence

emission wavelength(s) and the filuorescence emission intensity.
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8. The computer program product according to any of the preceding claims, wherein one
or more image(s) of each tag in the cell unit in the field of interest is measured.

10. The computer program product according to claim 9, wherein one or more image(s)

of each tag in the cell unit in the field of interest is measured using microscopy.

11. The computer program product according to claim 10, wherein the microscopy is

- selected from the group consisting of bright field microscopy, phase-contrast microscopy,

oblique iliumination microscopy, dark field microscopy, differential interference contrast
microscopy, reflection contrast microscopy, - varel contrast microscopy, polarizing

microscopy, interference microscopy and fluorescence microscopy.

12. The computer program product according to any of claims 9-11, wherein outiines are

drawn for the one or more image(s) of each tag in the cell unit in the field of interest.

13. The computer program product according to any of the preceding claims, wherein
one or more fluorescence image(s) of each tag in the cell unit in the field of interest is

measured.

14. The computer program product according to claim 13, wherein the outlines for the
ohe or more image(s) (eg. phase image(s)) are loaded onto the one or more

fluorescence image(s).

15. The computer program product according to claim 13 or claim 14, wherein one or
more fluorescence image(s) of each tag in the cell unit in the field of interest is measured .

for each fluorophore that is used to label the tags.

16. The computer program product according to any .of claims 12-15, wherein each tag
in the cell unit is identified by reading the one or more parameters of the tag within the

one or more outlines.

17. The computer program product according to ciaim 16, wherein the one or more

parameters of the tag are the area and/or optical density of the tag.
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18. The computer program product according to any of the preceding claims, wherein

the one or more parameters of the tag are inputted into a spreadshest.

19. The computer program product according to any of claims 8-18, wherein the
fluorophore is selected from the group consisting of a fluorophore that emits a biue,

green, near red or far red fiuorescence.

20. The computer program product according to any of claims 7-19, wherein the sizes
are selected from at least 3 different sizes (eg. 5, 6 or 7 different sizes).

21. The computer program product according to claim 20, wherein the sizes are
selected from the group consisting of about 1.9um, about 4.4um, about 5.4um, about

5.8um, about 7.4pm, about 9.7um and about 9.8um.

22. The computer program product according to any of claims 8-21, wherein the
fluorophore is selected from the group consisting of UV2, Starfire Red and TRITC.

23. The computer program product to any of claims 8-22, wherein the quantity of

fluorophore is selected from 5 different quantities.

24, The computer program product according to claim 23, wherein each different

quantity gives about a 5 to 10-fold difference in brightness.

25. The computer program product according to any of the preceding claims, wherein

there are at least 2 different parameters.

26. The computer program product according to any of the preceding claims, wherein

each parameter has at least 5 different integers.

27. The computer program produci according to any of claims 1-25, wherein each
parameter has less than or equal to 20 different integers for each parameter.

28. The computer program product according to any of claims 1-25, wherein each
parameter has less than or equal to 50 different integers for each parameter.



