
Method Field of the Invention 5 The invention broadly relates to cell culture - such as the culture of
primary cells, cell tines, pluripotent cells, totipotent cells and stem cells. Backaround to the Invention
30 Over recent years cell culture has become a core technology in the life sciences. Cell culture is
described in 'Basic Cell Culture' Oxford-University Press (2002) Ed. J.M. Davis; and 'Animal Cell
Culture' Oxford University Press (2000) Ed. John R. W. Masters; both of which are incorporated herein
in their entirety by reference. Cell culture provides the basis for studying cellular processes such as the
viability, phenotype, genotype, 15 proliferation and -differentiation of cells, and the formation of
biological molecules, intermediates and products. it has also provided the means to study the
regulation of these _processes, from. the genetic level - whether in isolation or in whole transgenic
animals - down to the level- of individual protein molecules. Notwithstanding its enormous contribution-
to the current state of biology, in many respects cell culture 20 remains a developing discipline, albeit
an unusually exciting science ultimately offering the possibility of genetic therapy and tissue
engineering. An important goal of cell culture is to be able to grow a wide variety of cells in vitro. The
list of differentrell-types that can be grown in culture is-extensive (see American-Type 25 Culture
collection, htto://www.atmorq; European Collection of Cell Cultures, -htted/www_ecacc.orchut
Deutsche Sammlung von Ivlikroorganismen. und Zellkulturen- GmbH; titipliwww.dsmz.de), includes
representatives of most cell types and is continually-increasing ar more. and more culture- conditions
are discovered. -Despite the -steady progress in the field, the method of determining suitable culture
conditions for 30 new cell types remains totally empiricah growth conditions are almost always
discovered by trial and error. The choice of starling point will often be based on what was previously
used by others for similar cells, or even what is currently being used in the laboratory for different cells.
Many times these will simply be completely inadequate, and a process of trial and error must begin
anew. Even when new culture conditions are successful, it Is 35 worthwhile remembering that
adaptations of previous protocols will have introduced a 



historical bias to the experiment. For instance, much of the early tissue culture  2 experiments made
extensive use of fibroblasts, and to this date most standard cell culture conditions favour growth of
cells derived from the mesoderm (fibroblasts, endothelium, myoblasts). The development of selective
growth media for epithelial and other cell types based on these conditions was a challenge. For some
of these cell types 5 it Is now known that serum - a normal component of many culture media for
mesodermal cells - actually inhibits growth. One aspect of the invention described herein is a method
for developing suitable culture conditions which allow for the viability, proliferation or growth, and
retention of the phenotype of particular cell types. 10Some common problems which are stilt
encountered in cell culture are the limited lifespan of primary cell lines, the-change of characteristics of
cell lines with passage, and their transformation accompanied by loss of interesting cellular
characteristics. These affects severely limit the utility of cultured cells for use in experiments or assays,
for instance cell-based assays described below:- Primary cells, Le, cells freshly isolated from 15
tissues, offer by far the most accurate cell culture-models, as they behave in a way that broadly
resembles their tissue of origin. Remarkably, a reliable method of culturing primary cells has still not
been developed and consequently-these cells exhibit a limited Iffespan in vitro. This presents
a-serious technicalTimirtation, for instance when attempting to amplify the primary culture, or when
attempting to perform a longer-term experiment. 20 A further problem associated-with the use of
primary cultures is that since they require constant fresh isolation, it can be bard to source primary
material, particularly from humans and it is also difficult to obtain lines that behave consistently. A third
aspect of the invention is therefore a method of culturing primary cells to obtain viable cultures with a
prolonged irrespan. 25 If primary cultures are maintained in vitro for an extended period, they normally
undergo a ',Isis:in which the majority of cells perish-, however the surviving cell t are longer-lived and
can be cultured indefinitely: Abet of-these-continuous cell lines-are almost invariably: poor
representations of the cell as It is found in intact animal tissues. One reason for this 30 lies in the fact
that the process that allows the cells to become immortal also has an impact on the characteristics of
the cell. For example, most established cell cultures have stopped expressing tissue-specific genes
and instead only-express housekeeping genes required for continuous growth in cell culture - as a
result most such cell lines are more like each other than like the tissue from which they were originally
sourced. For 35instance, most liver cell lines have stopped expressing the drug-metabolizing enzymes
that would non-nally make them interesting tools for testing drug toxicity. A further aspect  3 of the
invention described herein is a method of culturing cells so that they provide more accurate models of
tissues. This in turn would improve the reliability and predictive power of cell-based experiments and
assays. 5Improved techniques for culturing cells and methods for discovering and implementing such
techniques for regulation of cellular processes such as growth, differentiation, metabolic activity, and
phenotypic expression are presented in our co-pending international application WO 2004/031369.
When handling large numbers of cell units, their identity and/or cell culture history (for example, the
chronology and the exact nature 10 of a series of culture conditions that any one group or unit may
have been exposed to) can become confused. W02004/031369 describes improved methods for
determining the identity and/or cell culture history of cell units. In one aspect there is described the use
of cell units which can be handled conveniently in cell biology experiments, enabling for example the
splitting and pooling of said units. 



15 The present invention seeks to provide further improvements which overcome some of the
limitations of the prior art. Summary 20 In a first embodiment, there is provided a method for
determining the cell culture history of a cell unit labelled with more than one tag (eg. type of tag)
comprising the steps of: (a) measuring one or more parameters of each tag that is used to label the
cell unit; (b) identifying each tag in the cell unit; and (c) correlating the identity of each tag to the
25identity of the cell unit and/or the specific cell culture conditions to which the cell unit has been
exposed. In a further embodiment, there is provided a computer program product including a computer
program for controlling a computer to perform the method described herein. 30 In a further
embodiment, there is provided an apparatus for determining the cell culture history of a cell unit
comprising data processing logic operable to perform data processing operations in accordance with
the method described herein.  3a In an aspect, there is provided a complex composition comprising a
microcarrier having a net charge, conjugated to a charged particulate tag having optically detectable
properties, wherein the microcarrier comprises a material selected from the group consisting of
protein, cellulose, polyethylene, polystyrol, glass, collagen, 5 collagen-glucose-aminoglycan and/or
gelatin, and wherein the microcarrier having the charged particulate tag conjugated thereto is
configured for adherence by a cell unit in a culture system.  4 In a further embodiment, there is
provided a complex comprising a microcarrier and a rod-shaped tag. The qualities of the tags that are
described herein can advantageously be utilised in 



5 conjunction with the improvements that are disclosed herein. Such improvements comprise for
example the improved labelling of specific types of tag and specific types of cell unit, the improved
separation of tags from cell units and the improved analysis of tags. 10In a further embodiment, there
is provided a method for separating a complex comprising a microcarrier and a tag, comprising the
step of contacting said complex with a protease, wherein said microcarrier comprises, consists or
consists essentially of protein.      In a further embodiment, there is provided a method for separating a
complex comprising a 15microcarrier and a tag, comprising the step of contacting said complex with
acid. Advantageously, these methods can be used to separate a cell unit and a tag in such a way that
the tag can be analysed using the methods described herein. Moreover, these methods do not result
in tags that are spoiled by such treatment. Still further, these 20 methods address the problem of the
tags being obtained in a manner which seriously complicates their analysis - such as the tags
becoming dispersed over a large surface area and/or floating on a denser aqueous solution.      In a
further embodiment, there is provided a method for determining the effect of a plurality of 25culture
conditions on a cell comprising the use of the complex described herein. In a further embodiment,
there is provided a method for determining the effect of a plurality of culture conditions on a cell,
comprising the steps of: (a) providing a first set of groups of cell units each comprising one or more
cells, and exposing said groups to desired culture 30 conditions; (b) pooling two or more of said
groups to form at least one second pool; (c) subdividing the second pool to create a further set of
groups of cell units; (d) exposing said further groups to desired culture conditions; (e) optionally,
repeating steps (b) - (d) iteratively as required; and (f) assessing the effect on a given cell unit of the
culture conditions to which it has been exposed,  5 wherein each cell unit comprises one or more cells
adherent to or bounded by the complex described herein. In a further aspect, there is provided a
method for determining the effect of a plurality of 5 culture conditions on a cell, comprising the steps
of: (a) providing a first set of groups of cell units each comprising one or more cells, and exposing said
groups to specific predefined culture conditions; (b) pooling two or more of said groups to form at least
one second pool; (c) subdividing the second pool to create a further set of groups of cell units; (d)
exposing said further groups in step c) to further specific predefined culture 10 conditions; (e)
optionally, repeating steps (b)-(d) iteratively as required; and (f) assessing the effect on a given cell
unit of the different specific predefined culture conditions to which it has been exposed, wherein each
cell unit comprises one or more cells adherent to or bounded by a complex composition described
herein. 15In a further embodiment, there is provided a method for exposing a cell to a variety of cell
culture conditions, comprising the steps of: (a) providing a first set of groups of cell units each
comprising one or more cells, and exposing said groups to desired culture conditions; (b) pooling two
or more of said groups to form at least one second pool; (c) subdividing the second pool to create a
further set of groups of cell units; (d) exposing 



20 said further groups to desired culture conditions; and (e) optionally, repeating steps (b) - (d)
iteratively as required, wherein each cell unit comprises one or more cells adherent to or bounded by
the complex described herein. In a further embodiment, there is provided a method for determining the
effect of a plurality of 25 culture conditions on a cell, comprising the steps of: (a) providing a first set of
groups of cell units each comprising one or more cells, and exposing said groups to desired culture
conditions; (b) pooling two or more of said groups to form at least one second pool; (c) subdividing the
second pool to create a further set of groups of cell units; (d) exposing said further groups to desired
culture conditions; (e) optionally, repeating steps (b) - (d) 30 iteratively as required; and (f) assessing
the effect on a given cell unit of the culture conditions to which it has been exposed, wherein each cell
unit comprises one or more cells adherent to or bounded by the complex described herein.  5a In a
further embodiment, there is provided a method for identifying a gene which influences a cellular
process, comprising the steps of: a) determining the effect of one or more culture conditions on a cell
unit, in accordance with the methods described herein; b) analysing gene expression in said cell units
when exposed to said culture conditions; and c) 5identifying genes which are differentially expressed
under desired culture conditions. In a further embodiment, there is provided a method for producing a
nucleic acid which encodes a gene product which influences a cellular process, comprising identifying
a gene in accordance with the method described herein, and producing at least the coding 10region of
said gene by nucleic acid synthesis or biological replication. In a further embodiment, there is provided
a method for inducing a cellular process, comprising the steps of: (a) identifying one or more genes
which are differentially expressed in  6 association with the cellular process in accordance with the
method described herein; and (b) modulating the expression of said one or more genes in the cell. In a
farther embodiment, there is provided a method for identifying the state of a cellular 5 process of a cell,
comprising the steps of: (a) identifying one or more genes which are differentially expressed in
association with the cellular process in accordance with the method described herein; and (b)
detecting the modulation of expression of said one or more genes in a cell, thereby determining the
state of the cellular process of said cell. 10In a further embodiment, there is provided a method for
inducing a cellular process, comprising 



the steps of: (a) determining the effect of one or more culture conditions on a cell unit, in accordance
with the methods described herein; (b) exposing a cell to culture conditions which induce the cellular
process; and (c) isolating the desired cell. 15In a further embodiment, there is provided a method for
identifying an agent which is capable of inducing a cellular process, comprising the steps of: (a)
determining the effect of one or more agents on a cell unit, in accordance with the methods described
herein; and (b) identifying those agent(s) which induce the cellular process in the cell units. 20In a
further embodiment, there is provided a method for preparing an agent which is capable of inducing a
cellular process, comprising the steps of: (a) determining the effect of one or more agents on a cell
unit, in accordance with the methods described herein; (b) identifying those agent(s) which induce the
desired cellular process in the cell units; and c) synthesising or isolating the agent(s). 25 In a further
embodiment, there is provided a method for culturing stem cells or cells that have been derived from
stem cells in vitro comprising the steps of: a) incubating a stem cell culture; and b) splitting said culture
into two or more groups of stem cells, and culturing said group of stem cells under two or more
different sets of culture conditions, wherein 30the cells are cultured in cell units, each cell unit
comprising one or more cells adhered to or bounded by the complex described herein.  6a In a further
aspect, there is provided a method for culturing stem cells or cells that have been derived from stem
cells in vitro comprising the steps of: a) incubating a stem cell culture; and b) splitting said culture into
two or more groups of stem cells, and culturing said two or more groups of stem cells under two or
more different sets of specific 5 predefined culture conditions; wherein the cells are cultured in cell
units, each cell unit comprising one or more cells adhered to or bounded by the complex composition
described herein.       In a further embodiment, there is provided a method for culturing stem cells,
comprising 10growing said stem cells adhered to the complex described herein.  7 In a further aspect,
there is provided a method for obtaining differentiated cells from stem cells in vitro, comprising the
steps of: (a) growing stem cells adherent to the complex composition described herein in a culture
medium; (b) transferring the complex composition from one culture medium to another; (c) optionally
repeating step (b) as 5required; and (d) obtaining the differentiated cells attached to the complex
composition. In a further embodiment, there is provided a method of growing pluripotent stem cells in
vitro comprising the steps of: (a) seeding said cells on the complex described herein; and (b)
propagating the cells while attached to the complex. 



10 In a further embodiment, there is provided a method for culturing cells in vitro or in vitro, comprising
growing said cells adhered to the complex described herein In a further embodiment, there is provided
a method for identifying a tag obtained or obtainable 15 from a cell unit comprising the steps of: (a)
separating the cell unit and the tag; (b) obtaining one or more images of the tag using a microscopic
technique; and (c) analysing the images to determine one or more features of the tag.       In a further
embodiment, there is provided the use of the complex described herein for 20determining the effect of
a plurality of culture conditions on a cell. In a further embodiment, there is provided the use of a
rod-shaped tag - such as a nanowire to label a microcarrier. 25In a further embodiment, there is
provided the use of a rod-shaped tag - such as a nanowire for determining the effect of a plurality of
culture conditions on a cell.    In a further embodiment, there is provided a method, a complex, a
computer program, an apparatus or a use substantially as described herein with reference to the
accompanying 30figures. Embodiments  In some embodiments, the method is an automated method.
35 In some embodiments, the cell unit is bound or adhered to a microcarrier.  In some embodiments,
the microcarrier is a porous or a solid microcarrier. In some embodiments, the porous microcarrier is
selected from the group consisting of 5 Cytopore microcarrier (e.g. a Cybpore I microcarrier or a
Cytopore 2 microcanier), a Outtispher microcarrier, a Cultispher-G microcarier, a Cultispher-GL
microcarrier and a Cultispher-S microcarrier, an Informatrix microcarrier, a Microsphere microcarrier, a
Shan microcarrier, and a Microporous MC mic,rocarrier. 10 In some embodiments, the solid
microcarrier Is selected from the group consisting of a Cytodex microcarrier (eg. a Cytodex I, Cytodex
2 or Cytodex S microcarrier) a Biosibn microcarrier, a Biogiass microcanier, a FACT III microcarrier or
a DE 52153 microcarrier.      In some embodiments, the parameter(s) are the size of the tags and/or
the optical 15properties of the tags, In some embodiments, the optical properties are selected from the
group consisting of: light reflectivity, colour, the fluorescence emission- wavelength(sy and the
fluorescence emission intensity. 



20 In some embodiments, one or moreimage(s) of each tag in the cell unit in the field of interest is
measured. In some embodirne, sna or-more image(s) of each tag in the cell. unit in the field of 25
interest is measured using microscopy. In some embodiments, the microscopy method is selected to
The group consisting- of bright field microsoopy,-phase-contrast-microscom oblique
illumination:microscopy, dark field microscopy, differential interference contrast microscopy, reflection
contrast 30microscopy, varel contrast microscopy, polarizing microscopy, interference microscopy and
fluorescence microscopy. In some embodiments, outlines are drawn for the one or more image(s) of
each tag in the cell unit in the field of interest. 35  9 In some embodiments, one or more fluorescence
image(s) of each tag in the cell unit in the field of interest is measured.      In some embodiments,
outlines for the one or more image(s) are loaded onto the one or 5 more fluorescence image(s). In
some embodiments, 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. 10In some embodiments, each
tag in-the cell-unit is Identified by reading the one or more parameters-of the tag within the one or
more. outlines, In some embodiments, the one or more parameters of the tag are the area and/or
optical density of the tag. 15 



In some embodiments, the one or more,parameters of the tag are inputted into a spreadsheet      in
some- embodiments, the fluorophore is selected ITOITI the group consisting of a 20fluorophore
that-emits a blue, green., near red-or far red fluorescence. In some embodiments, where two- or rora
tluor-opflothe flucitophores do not quench each other. 25 In some embodiments, the sizes are selected
from at least 3 different sizes - such as 4, 5, 6 or 7 different sizes. In some embodiments, the sizes are
selected from the group consisting of about 1-.9pm, about 4.4pm, about 5.4}un, about 5.8prn, about
7.4pm, about 9.7prn and about 9.8prn- In some embodiments, the fiuorophore is selected from the
group consisting of UV2, Starflre Red and TRITC. in some embodiments, the quantity of fluorophore is
selected from 5 different quantifies,  10 In some embodiments, these quantities are indicated by
ranges (eg. ranges of fluorescence intensity).     In some embodiments, each different quantity gives
about a 5 to 0-fold difference in 5brightness. In some embodiments, there are at least 2 different
parameters. In some embodiments, there are at least 5 different integers. 10 In some embodiments,
the microcarrier is a porous micracarrier. In some embodiments, the microcarrier has a net charge. 15
In some embodiments, the microcarrier comprises, consists or consists essentially of protein,
cellulose, polyethylene, polystyrol, glass, collagen, collagen-gylcoseaminog4rcan ancitor gelatin. In
some-embodiments, the tag has a charge. 20  



lb some embodiments, the tag has a net charae.    In some embodiments, the tag has a negative
charge. 25 In some embodiments, the charged tag is a sphere. In some embodiments, the sphere is-a
microsphere. In some embodiments, the microsphere is about 9 {AA or Less in diameter. 30- In some
embodiments, the microsphere is a carboxylate modified (ClviL) microsphere. In some embodiments,
the tag comprises, consists or consists essentially of polystyrene. 35 In some embodiments, the
complex (eg. the microcarrier) is adhered or bound to a cell unit.  11 In some embodiments, at least
one antibody is bound to the cell unit. In-some embodiments the rod-shaped tag-is a nanowire, 5 In
some embodiments, the nanowire is an aluminium nanowire. In some embodiments the nanowire is
coated with silver and/or gold. 10 In some embodaments, the nanowire-is about VIVI or less in
diameter.. In some embodiments, the nanowire is about 10 Idyl or less in length. In some
embodiments, the microcarrier is a porous microcarrier. 15 -In-some embodiments, the porous
miciocanter is a charge neutral rnicrocarrier. In some embodiments, at least one antibody is bound to
the cell unit. 20 in some embodiments, the micromrrier comprises, consists or consists essentially of In
some embodiments, the mic,rocarrier is a Cultispher microcarrier. 25 In some embodiments, the
microcarrier is selected from the group consisting of a Cultispher-G microcarrier, a Cultispher-GE
microcarfier and Cultispher-S microcarrier. 



In some embodiments, the protease is selected from the group consisting of proteinase K, typsin,
thermolysin and caspase. In some embodiments, the proteinase K is used in an amount of about
0.6U/m1 or less. In some embodiments, the complex is contacted with proteinase K for at least 20-60
minutes.  12 In some embodiments, the complex is contacted with the protease in a volume of about 5
pi or less.     In some embodiments, the microcarder comprises, consists or consists essentially of
5cellulose. In some embodiments, the microcarrier is a Cytopore microcanier. In some embodiments,
the microcarrier is a Cyto.pore 2 microcarrier. In some embodiments, the tag is-a sphere. In some
embodiments, the acid is selected from the group consisting of hydrochloric acid, sulphuric acid and
sodiumhypochlorite. 15 In some embodiments, the add is 37% hydrochloric acid (-12M), In some
embodiments, the acid is concentrated sulphuric acid. 20 In some embodiments, the complex is
contacted with add in -a volume of about 5 pi or less, In some embodiments, the complex is
heatecLinthe presence of the acid. 25In some rtbodiments, the cells are cultured in cell units, each cell
unit comprising one or more-cells. In some embodiments, the cell-units are single cells. 30 In some
embodiments, the culture conditions are media to which the cell is exposed. In some embodiments,
the media contain one or more specific agents which influence a cellular process. 35 in some
embodiments, the cell culture conditions comprise culturing at one or more specific temperatures. 



13 In some embodiments, the cell culture conditions comprise culturing on one or more specific
substrates. 5 In some embodiments, the desired culture conditions influence a cellular process. In
some embodiments, modulation of gene expression in the cell comprises transfection of said one or
more genes into the cell. In some embodiments, modulation of gene expression comprises the
exogenous administration of a gene product. In some embodiments, said one or more genes encode a
marker. 1$ in some embodiments, said marker may be detected by an immunoassay_ In some
embodiments, the cellular process is cell proliferation (tit differentiation. In some embodiments, the cell
units are single-cells. 20 In some embodiments, said stem cellis are subjected to af least one change
of culture conditions.      In some embodiments, said change of- culture -conditions comprises a
change of 25 medium. in some embodiments, the differentiated cells are- isolated by enzymatic or
chemical detachment from the-complex. 30In some embodiments, the differentiated cells are isolated
by digestion of the complex. Description of the Figures      Figure 1 shows a sample of coloured Duke
microbeads viewed under light microscopy 35 with Black, Red and Blue tags in two different sizes
(5.4pm and 7.6pm).  14 Figure 2 shows Cultispher-G microcarriers trapped on a 70pm filter during
washes to remove unbound, microbeads (size range 4.4pm -9.8pm), which pass through. 



Figure 3 shows the digestion of Cultispher-G mtrocarriers with 2U/m1 proteinase k 5(figures show the
same microcanler over a 15 minute period, as indicated). Figure 4 shows the digestion of Cytopore 2
microcarriers with 37% NCI (-12IVI) (figures show the same microcanier over a 1 hr 30m period, as
indicated) 10Figure_ 5 shows an Imagepro Tag Analysis -Flowchart for microscope analysis to identify
one or more area and/or optical density values for a microbead. Images are taken using various
exposures and filters: UV2 fitter. Ex 340-360nrn; Em 435-485nm; TRITC filter Ex 540/25nm; Ern
605/55 rim; Starfire Red: Ex 620/60nm; Em 700/75nm. 15 Figure 6 shows a Tag ID Flowchart in which
the microbeads (tags) are of 2 different sizes, each with 4 levels of fluorophore A  fiuorophore B.
Fluorophore A is UV2 and Fiturorophore B- is-TRIT.C. Fl - mean optical density measurement for tag
using UV2 channel; F2 - mean optical density measurement for tag using Staff:re Red channel; F3 -
mean optical- density measurement for tag using TRITC channel; ft - lower limit for 20 fluorescence of
tag 1; f2 - upper limit for fluorescence- of tag 1; f3 - lower threshold for TRITC fluorescence of all tags;
f4 - lower limit for fluorescence of tag 2; f5 - upper limit for fluorescence of-tag 2 etc.;_Area - area
measurement; al - lower area limit for-tag of size 1; a2 - upper area limit for tag of size 1; a3 - lower
area limit for tag of size 2; a4 - upper-area limit for tag of size 2 etc; Y= yes; N = no. 25 in further detail,
box .(a) shows that the lower limit for a first parameter is less than the mean measurement for a- first
parameter and the upper limit for a first parameter is greater than. the mean measurement-for a first
parameter; box (b) shows- that the lower-limit for a second parameter is less than the mean
measurement for a second parameter 30 and the upper-limit for a second parameter is greater than
the mean measurement for a second parameter, boxes (c), (f) (i), (k), (o), (q), (t) and (v) each show
that the mean measurement for a third parameter is greater than the lower limit for the third parameter;
box (e) shows that if the result from box (b) is negative then the upper, lower and mean measurements
for a further integer of a parameter are measured. In particular, box (e) 35shows 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  15 parameter is greater than the mean measurement of the
parameter. This is repeated for further integers of a parameter in boxes (la), (j), (n), (p), (s) and (u).
Figure 7 shows an alternative flowchart in which one or more integers of a parameter 5 are examined
serially, such that the final 'No' decisions from Figure 6 will go on to interrogate those integers for a
further parameter. Fluorophore A is Starfire Red and Flurorophore B is TRITC. For example, Fl and F2
may be examined serially, such that the final 'No' decisions from Figure 6 will go on to Interrogate the
Starfire Red values for the relevant size tag. Fl - mean density measurement for UV2 channel; F2 -
mean 10 density -measurement for Starfire Red channel; F3. - mean density measurement for TRIG
channel; f18 - lower limit for fluorescence of tag 9; f19 - upper limit for fluorescence of tag 9; f3 - lower
threshold for TRITC fluorescence of all tags1; Y = yes; N= no. 15Figure it shows a macroporous
CultiSpher-G gelatine microcarriers (Percell Biolytica AB) seeded with mouse -ES cells- and stained
with a kit showing alkaline phosphatase activity, a marker of pluripotency_ 



Figure 9 shows a sample of the 140,000 microcaniers processed by Combinatorial Cell 20 culture
through:the matrix shown in Table 1 and incubated-on 013 with the macrophage assay reagent
DQ-ovalbumin (Molecular Probes). Top left panel shows a phase contrast image of the microcarriats
The top right image shows the same field using a RIC filter set, whereby macrophages are easily
distinguishable as large, round cells internally labelled with green fluorescence. The bottom left image
shows: the same field-using a 25FITC filter set, revealing UV2-4oaded tags associated with the
microcarriers. figurelD is as for Figure 9 button a different field. Figure 11 represents graphs showing
the number and identity of all tags found on the 30 microphage-bearing microcarriers a) C5, b) A22
and c) E6. The bars marked with an asterisk in b) and c) denote the conditions which were later
determined to result in reproducible macrophage differentiation.      Figure 12 is an example of a
microcarrier bearing large number of macrophage stained 35 with DQ-ovalbumin (Molecular Probes).
16 Figure 13 is a graphical representation of the 50 microsphere tags commissioned from Bangs
Laboratories (Fishers, IN). The microspheres were sized between 1.87gm and 9.T,Tturi and were dyed
with five distinguishable intensities of the fiuorophore Sterfire Red or alternatively LIV2. 5 Figure 14 is
a calibration sample of Starfire Red dyed microsphere tags analysed according to tag size and
fluorescence intensity at a given exposure setting. A similar calibration sample was used to determine
parameters (denoted by ovals) for the classification of tags bound to microcarriers. Figure 15 shows
quality control images of rod-shaped particles used in the experiment, obtained using illumination at
430nm and a 63X objective. Left image 101010; Right image 100001 (where 1 = Ag and 0 = Au)
15Figure 16 is an image of a labelled cell unit stained with neutral red vital stain to reveal living cells
and showing associated rod-shaped particles -(indicated with arrows), obtained using bright field
illumination and a 20X objective.      Figure 17 is an image of rod-shaped particles liberated
following_proteirrase K digestion 20of a labelled cell unit, obtained.using, bright field illumination and a
20X objective. Figure 18 is-an image-showing discrimination of two different-particles liberated
followingproteinaseK digestion of a labelled cell unit, obtained using a CFP filter set (Ex. 436/10; Em.
465/30) with a-1-00x oil' immersion objective. The particle on-the, leftis 100001 and 25the particle on
the light is 101010. Detailed Description of-the invention  Definitions  



30  Culture Conditions As used herein, the term "culture conditions" refers to the environment which
cells are placed in or are exposed to in order to promote growth or differentiation of said cells. Thus,
the term refers to the medium, temperature, atmospheric conditions, substrate, stirring conditions and
the like which may affect the 35growth and/ or differentiation of cells. More particularly, the term refers
to specific agents  17 which may be incorporated into culture media and which may influence the
growth and/or differentiation of cells. Cell A cell, as referred to herein, is defined as the smallest
structural unit of an organism 5 that is capable of independent functioning, or a single-celled organism,
consisting of one or more nuclei, cytoplasm, and various organelles, all surrounded by a
semipermeable cell membrane or cell wall. The cell may be prokaryotic, eukaryotic or archaebacterial.
For example, the cell may be a eukaryotic cell. Mammalian cells are preferred, especially human cells.
Cells may be natural or modified, such as by genetic 10 manipulation or passaging in culture, to
achieve desired -properties. A stem cell- is  defined in more detail-below, and is a totipote,nt,
pluripotent or multipotentcell capable of giving rise to more than one differentiated cell type. Stem cells
may be differentiated in vitro to give rise to differentiated cells, which may themselves be multipotent,
or may be terminally differentiated. Cells differentiated in vitro are cells which have been created 15.
artificially by exposing stem cells to one or more agents which promote cell differentiation. Cellular
process A cellular process is -any characteristic, function, process-, event, cause or effect intracellular
or extracellular, which-occurs or is observed or which can be 20 attributed to- a. -cell. Examples of
cellular processes include, but are not limited- to; viability, senescence, death, pluripotency,
morphology, signalling, binding, recognition,. molecule production or destruction (degradation),
mutation, protein folding, transcription, translation, catalysis, synaptic transmission, vesicular transport,
organelle function, cell cycle, metabolism, proliferation, division, differentiation, phenotype, genotype,
gene 25expression, or the control of these processes. Cell- unit A group of cells, which may be a
group at one. Pools of cell units may be sorted, subdivided and: handled without substantially
-dissociating the cell units themselves, such that the cell unit behaves as a colony of cells and each
cell in the cell 00unit is exposed to the same culture conditions. For some embodiments, a cell unit
may comprise a microcarrier or bead to which is adhered a group of cells.    Totipotent A totipotent cell
is a cell with the potential to differentiate into any type of somatic or germ cell found in the organism.
Thus, any desired cell may be derived, by 35some means, from a totipotent cell. 



18 Pluripotent A pluripotent cell is a cell which may differentiate into more than one, but not all, cell
types. Tag In one aspect, the term lag", as used herein, meters to any tag that is used to 5 identify a
cell unit and/or determine a culture condition, or a sequence of culture conditions, to which the cell unit
has been exposed. In another aspect, the term lag" refers to any tag that is added to a cell unit as a
means of specifically Labelling that cell unit, thus facilitating the identification of a cell unit and/or the
determination of a culture condition and/or a sequence of culture conditions, to which the cell unit has
been 10 exposed: Suitably, the tag-exists in a number df related but distinct variants which are easily
distinguishable, as described in further detail-herein. The tag typically-forms part of a complex with a
microc-arrier - such as a Cultispher-G microcarrier or a Cytopore 2 microcanier. For some
embodiments, the tag is a sphere or a bead - such as a microsphere or a microbead. For some
embodiments the tag is a rod-shaped particle - 15 such as a nanowire. As referred to herein, the term
"tag" is synonymous with the term "label". Exposure to culture conditions A cell is exposed to culture
conditions when it is placed in -contort with a medium, or grown under conditions which affect one or
more 20- cellular process('es) such as-the growth, -differentiation, or metabolic state-ti the cell. Thus,
iflhe _culture conditions comprise culturing the cell in a medium, the cell is placed in the-medium for a
sufficient period of time for it to have an effect. Likewise, if the conditions are temperature conditions,
the cells are cultured at the desired temperature. 25Pooling The pooling of one or more groups of cell
units involves the admixture of the groups-A create a single group or pool which comprises cell units of
more than- one backgroundilhat is, that have been exposed to more than-one different sets-of culture
conditions. A pool may be subdivided further into groups, either randomly or non- randomly; such
groups are not themselves "pools" for the present purposes, but may 30 themselves be pooled by
combination, for example after exposure to different sets of culture conditions.    Proliferation Cell
growth and cell proliferation are used interchangeably herein to denote multiplication of cell numbers
without differentiation into different cell types or 35lineages. In other words, the terms denote increase
of viable cell numbers. In some  19 



embodiments, proliferation is not accompanied by appreciable changes in phenotype or genotype.
Differentiation Cell differentiation is the development, from a cell type, of a different cell 5 type. For
example, a bipotent, pluripotent or totipotent cell may differentiate into a neural cell. Differentiation may
be accompanied by proliferation, or may be independent Thereof. The terra 'differentiation' generally
refers to the acquisition of a phenotype of a mature cell type from a less developmentally defined cell
type, e.g. a neuron, or a lymphocyte, but does not preclude transdifferentiation, whereby one mature
cell type 10 may convert to another mature cell typeeg. a neuron tot lymphocyte. Differentiation state
The differentiation state of a cell is the level to which a cell has differentiated along a particular
pathway or lineage. 15 Slate of a cellular process The state of a cellular process refers to whether a
cellular process is occurring or not and in complex cellular processes can denote a- particular step or
stage in that cellular process. For example, a cellular differentiation pathway in a cell may be inactive
or may have been induced and may comprise- a number of discrete steps or components such as
signalling events -characterised by the presence of a 20 characteristic set of enzymes or
intermediates. Gene A gene is a nucleic acid which encodes a gene product, be-it a polypeptide or an
RNA gene product. As used herein, a gene includes at least the coding sequence which -encodes the
gene product; it mayr optionally, include-one or more regulatory -regions 25 necessary for the
transcription and/or translation of the coding sequence. -Gene Froduct A -gene product is typically a
protein encoded by a gene -in the conventional manner. -However, the term also encompasses
nompolypeptide -gene products, such as ribonucleic acids, which are encoded by the gene. 30 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 eukaryolic cells, according to
procedures known in the art 35  20 Differential Expression Genes which are expressed at different
levels in response to cell culture conditions can be Identified by gene expression analysis, such as on
a gene away, by methods known in the art Genes which are differentially expressed display a greater
or lesser quantity of mRNA or gene product in the cell under the test conditions 5than under alternative
conditions, relative to overall gene expression levels. Transfection Genes may be transfected into cells
by any appropriate means. The term 



is used herein to signify conventional transfection, for example using calcium phosphate, but also to
include other techniques for transferring nucleic acids into a cell, including 10transformation, viral
transduction, slectroporation and'the like. Modulation The term modulation is used to signify an
increase and/or decrease in the parameter being modulated. Thus, modulation of gene expression
includes both increasing gene expression and decreasing gene expression. 15 integer This term refers
to an individual entity of a parameter. By way-of example, if the parameter is the size of a lag, then the
integer will- be one or more of spectfic sizes within the parameter. 2II Identifvinqtaqs associated with
one or more celtunits in.one aspect, there is provided a method for determining the cell--culture
history-of a cell unit labelled with more than one tag (eq. more than one type of tag) comprising the
steps of: (a) measuring_one or more parameters of each tag that-is used to labeLthe cell unit; 25 (b)
identifying each tag in the cell unit; and (c) correlating the identity of each tag to the identity of the cell
unit and/ the specific cell culture conditions to-which the cell unit has-been exposed. In a further
aspect, there is also provided a method for determining the cell culture 30 -history of a cell unit labelled
with one or more- types of tag comprising the steps of: (a) obtaining the tags from the cell units in a
form suitable for analysis: (b) measuring one or more 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 to the
chronology and identity of the cell culture conditions to which the cell unit has been exposed. 35  21
The parameter(s) may be the size of the tags and/or the optical properties of the tags. Examples of the
optical properties of the tags include, but are not limited to, light reflectivity, colour, the fluutem..ence
emission wavelength(s) and/or the fluorescence emission intensity. 5 The cell unit(s) to be analysed
may be separated from a sample that may contain many different cell units. The tags in a cell unit(s) of
interest may be isolated from the cell unit. In some 



10 embodiments, this_is achieved by enzymatic digestion and/or acid hydrolysis of the cell unit. In
-some- embodiments, this is achieved using the methods described herein. Advantageously, in certain
embodiments this results in destruction of the cell unit but the tags are obtained intact 15In one
embodiment of the-present invention, one or more different tags are measured for a cell unit-- such-as
a cell unit contained in a sample comprising a plurality of cell units. In some embodiments,-there will
be from about2 to about 50 or more different (types of) tags per cell unit In-some- embodiments there
will be from about 2 to about 40 different 20 (types of) tags per cell unit In some embodiments there
will be from about 2 to about 30 different (types of) tags per Deli unit. In some embodiments there will
be from about 2 to -about 20 different (types of) tags per cell unit, In some embodirrients there willbe
from about 2 to about 10 different (types of) tags per cell unit. 25In some embodiments, there will be
from about 5 to about 50 or more different (types of) tags per cell unit. In some embodiments, there will
be from about 10 to about 50 or more different (types of) tags per cell unit. In- some embodiments
there-will be from about 15 to about-50. or more different (types of) tags per cell unit. In some
embodiments, there Will be from about 20 to about 50 or more different- (types of) tags-per cell unit. In
some 30 embodiments, there will be-from about 25 to about SO Or more different (types of) tags per
cell unit. In some embodiments, there will be from about 30 to about 50 or more different (types of)
tags per cell unit. In some embodiments, there will be from about 35 to about 50 or more different
(types of) tags per cell unit. In some embodiments, there will be from about 40 to about 50 or more
different (types of) tags per cell unit. In some 35embodiments, there will be from about 45 to about 50
or more different (types of) tags  22 per cell unit In some embodiments, It is expected that there will be
about 50 or more different (types of) tags per cell unit    In some embodiments, there will be about 55,
60, 65, 70, 75 or even 80 or more different 5(types of) tags per cell unit. In some embodiments, there
will be about 55, 60, 65, 70, 75 or even 80, 90, 100, 250, 500, 750, or 1000 or more different Owes of)
tags per cell unit Each of the parameters described above may have a number of different integers. In
some embodiments, there are at least 2, 3, 4 or 5 different integers for each parameter. 10 in some
embodiments, there are at least 10 different integers for each parameter. Fn some-embodiments,
there are at least 15 different integers for each parameter. In some embodiments, there are at least 20
different integers for each parameter. In some embodiments, there are at least 25 different integers for
each parameter. In some embodiments, there are at least 30 different integers-for each parameter. In
some 15 embodiments, there are at least 35 different integers for each parameter. In some
embodiments, there are at least 40 -different integers for each parameter. In some embodiments,
there are at least 45 different- integers for each parameter. In some embodiments, there are at least
5(3 different integers-far each parameter. 20 in some -embodiments, there. are -at- least 2 different
parameters and .more than 5 different integers for each parameter. 



In some embodiments, there are at least 2 different parameters and more than 5 and less-than 59
different integers for each .parameter... In some embodimentc, -there are, at- 25 least 2 different
parameters and 50 or less different integers for each parameter. In some embodiments, there are at
least 2 different parameters and 50 or more different integers for each parameter. In- some
embodiments-, there are at least 2 different parameters and-40 orlessdifferent integers for each
parameter. In some embodiments, there are at least 2 different parameters and 30- or less
different-integers for each parameter. In 30 some embodiments, there are at least 2 different
parameters 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. multiple) tags of each species. 35  23 Advantageously, this method can be
automated such that many cell units and/or many samples can be processed. This is particularly
advantageous, since each sample may have many (eg. hundreds) of different tags in it, thereby
generating a large amount of data. 5 For some embodiments of the present invention, there is a
maximum of 50 different tags By way of example, using the Mt hydrophilic microbeads as described
herein will typically result in this number of microbeads. The UAL hydrophilic mIcrobeads may be used
together with one or more microcarriers. In some embodiments, the CML 10 hydrophilic microbeads
are used fegether with a Cytopore 2microcanier. The tags in the sample may all be different or they
may all be the same. The tags may be of different sizes - such as between about 1-10 urn, preferably
about 1.9p.m, about 4-.4pm, about 5.4um, about 5.Bum, about 7.4um, about 9.71irn and/or about
9.81.trn. The 15 tags may be microspheres --such as CML microspheres - and the diameters of such
microspheres may be between 1-10 pm, preferably about 1.9i.un, about 4.4i.un, about 5.4-pm, about
5.8urn, about 7.4prn, about 9.7p.rn and about 9.5pm. For some embodiments, there is a maximum of
1000 different tags. By-way of example, 20 using the rod-shaped nanowites striped- with silver and
gold as described herein can result in this number of fags. The- said nanowires may be used, together
with one or-more microcarriers. in some embodiments, the nanowires- are used together with a
Cultispber-G microcarrier. 



25In one embodiment, a particular tag is correlated with a known cell culture condition. Accordingly,
Grim the eel unit has been labelled with this tag and has been cultured in the corresponding
conditions, it is passible fa to identify or seleetthose culture conditions-that have given rise to-a
particular call unit of interest. 30 Whilst various methods of image analysis are available in the art, a
combination of Image Pro Pius imaging software by Media Cybernetics (www.rnecilacy.com), a Nikon
TE2000-5 fluorescence microscope and an Evolution VF cooled monochrome camera, supplied by
Media Cybernetics may be used. 35In one embodiment one or more image(s) of each tag in the cell
unit in the field of interest is measured. Typically, this may be achieved using microscopy - such as
bright  24 field microscopy, phase-contrast microscopy, oblique illumination microscopy, dark field
microscopy, differential interference contrast microscopy, reflection contrast microscopy, varel contrast
microscopy, polarizing microscopy, interferenca microscopy and fluorescence microscopy. Suitably,
outlines may be drawn for the one or more image(s) 5 of each tag in the cell unit in the field of interest
and/or one or more fluorescence image(s) of each tag in the cell unit in the field of interest is
measured. The fluorophore may emit, for example, a blue, green, near red or far red fluorescence.
Suitably, the fluorophore is sefected from the group consisting of UV2, Starfire Red and TRITC. The
quantity of fluorophore may be selected from 5 different ranges (eg, ranges of 10 fluorescence
intensity) and each different -range is discrete: in some embodiments, the -ranges may-differ by about
2 to 5-fold or more in brightness, in some embodiments, the ranges may differ by about 5 to 10-fold or
more in brightness. In some embodiments, the ranges may differ by about 2 to 100-fold or more in
brightness. In some embodiments, the ranges may differ by about 2 to 1000-fold-or more in
brightness. In 15 some embodiments, the ranges may differ by about 2, 5, 10, 100 or 1000-fold or
more in brightness. Suitably, the outlines for the one or more irnage(s) are loaded onto the one or
more -fluorescence image(s) and one-or more fluorescence image(s) of each tag in the cell unit 20 in
_the field of interest may-be measured for each fluoropbore that is used to label the tags. _Eadh tag,in
the celrunit may be identified by reading the one or more parameters - such-as the area and/or optical
densilw - of the tag within the one or more outlines. Thus, by way of example, tags may be analysed.
bymicroscopy-using-a:Nikon TE2000-S 25 inverted epifluorescent microscope equipped with filter sets
for visualization of the fluorophores - such as TRLTC, OAR (LA(2), GFP-B (all from -Nikon) and Cy5
(Chrome Technology). Images may be captured -using an Evolution- VF coaled monochrome camera
and _image- analysis performed using Image Pro Plus (both from Media Cybernetics), 30 The outlines
of single microspheres are typically captured using microscopy methods and the areas within these
calculated to size the tags. The fluorescence intensities in the different channels may be used to
further specify the identity of each tag by comparison to reference samples containing known tags. 35  



25 Suitably, the microscopy methods is selected fro the group consisting of bright field microscopy,
phase-contrast microscopy, oblique illumination microscopy, dark field microscopy, differential
interference contrast microscopy, reflection contrast microscopy, varet contrast microscopy, polarizing-
microscopy, interference microscopy and 5 fluorescence microscopy. In one embodiment, the
microscopy method is bright field microscopy. Optionally, the data that is obtained may be processed
using further methods described 10 herein, that provide for the chronology-and identity crf cell culture
conditions to which a cell unit in a sample has been exposed to be determined. Advantageously, this
process may be automated thereby allowing a large amount of data to be rapidly processed.
Advantageousththe process utilises software that counts the number of each type of tag 15and then
autpufs this data in the form of a list, a. graph or a chart. Advantageously, the -data may be inputted
into a spreadsheet for high throughput analysis. 20In one aspect, the method-of analysing
this-data-comprises a first step of comparing, the_ upper and Tower limits of at least one parameter of
a tag with the mean measurement-of the at least one parameter of the-tagt In one embodiment of the
present invention, the upper and lower limits of any parameter are obtained or obtainable by analysing
a plurality of reference tags of the same-species. If the lower limit is less than the mean 25
measurement and the upper limit is higher than the mean measurement then the method compares
the upper and lower limits of a second parameter of a tag with the mean measurement of- the second
-parameter of the tag. If the- tower limit- of- the second parameter is less than the mean measurement
for that parameter and the upper limit of the second parameter is higher than the mean measurement
of that parameter then the 30 -method compares one or more further parameters 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 35measurement relative to a second range comprising different limits for that same parameter.
25 In one aspect, there is provided a method for determining the chronology and identity of the cell
culture conditions to which a cell unit has bean exposed comprising the step oft 



comparing the upper and lower limits of at least one parameter of a tag with the mean 5 measurement
of the at least one parameter of the tag. In a further aspect, there is provided a method for determining
the chronology and identity of the cell culture conditions to which a cell unit has been exposed
comprising the steps of: (a) comparing the upper and lower limits of at least one parameter of a tag 10
with the mean measurement of tie at least one parameter of the tag; (b) comparing the mean
measurement for the at leastone parameter of-the-tag with the lowest Omit for the at least one
parameter of the tag; and (c) correlating the measurement of the at least one parameter of the tag with
the identity of the tag associated with the cell unit. 15 In one embodiment, if-the lower limit is less than
the mean measurement and the upper limit is higher than the mean measurement then thei-method
compares the upper and lower limits of a second parameter of a tag with the mean measurement of
the second parameter of the tag. For example, the first parameter may be size and the
second-parameter may be the intensity or level-of fluorescence. 20 In one embodiment, If the lower
limit Of the second parameter is less than the mean measurement for that parameter and the
upper-limit of the -se Id parameter- is higher than the mean measurement of that parameter then the
method compares one or more _further pararneters-relative to a lower limit of the-corresponding
parameter. 25 In one embodiment, if the lower limit is not less-than the mean measurement and the
mean-measurementls not less then than the-upper lirrit 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 30 fluorophore or a different range of
fluorescence intensity. Accordingly, the parameter for each of these integers will be size, type of
fluorophore and intensity of fluorescence, respectively.       In one embodiment, if the lower limit is less
than the mean measurement and the mean 35 measurement is less then than the upper limit then the
at least one further parameter for  27 the tag is measured - such as the size, type of fluorophore and/or
level of fluorophore of the tag.    In one embodiment, if the mean measurement for the at least one
parameter of the tag is 5greater than the lowest limit for at least one parameter of the tag, then The
result is correlated with one or more tags that possess the one or more parameters.    In one
embodiment if the mean measurement for the at least one parameter of the tag is not greater than the
lowest limit for the one or more parameters of the tag, then the result 10is correlated with a tag that
possess the parameter. In one embodiment, if the lower limit is not less than the mean measurement
and the 



mean measurement is not less then than the upper limit for the at least one further parameter then the
upper and lower limits of at least one further integer of the same 15 parameter of the tag is measured.
En one embodiment-the method-may-be repeated for one or more further- integers of the same
parameter of tl la tag. In another embodiment the method may even be repeated for-all integers of- the
same parameter of the tag. 20 In one embodiment, if the lower limit is less than the mean
measurement and the mean measurement is less then than the upper limit for the at least one further
parameter and the mean measurement for the at least one parameter of the tag is greater than the
lowest limit for at least one parameter of the tag, then the result is correlated-with one or 25more tags
that possess the one or more parameters. In one embodiment, if-the lower limit is less thawthe mean
measurement and the mean_ measurement is less then-Than-the upper limit for the at least
one--farther_parameter and the mean measurement for the at least one parameter of the tag is not
greater than the 30lowest 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 35may comprises the additional steps of, for example, examining fluorophores serially,  28
such that the final 'No' decisions from will go on to interrogate the fluorophores values for the relevant
size tag,      Suitably, the methods described herein are performed using one or more of the 5
complexes described herein. In a further aspect, there is provided a method for identifying one or more
area and/or density values for a tag comprising the steps of. (a) obtaining one or more images of a tag
that is used to label a cell unit, (b) drawing outlines for the one or more images of the 



10 tag; (c) loading the outlines for the one or more images of the tag; and (d) reading the area and/or
density within the one or more outlines. In one embodiment, the image may be a phase image.
15Determination of the identity or cell-culture history of a cell unit As already described above, when
handling-large numbers_of cell units, their identity and/or cell culture history (for example the
chronology, and the exact nature of a series of culture conditions that any one group- or unit may have
been exposed to) can become 20 confused Fix-instance, the split-pool protocol of cell culture
necessarily involves mixing cell units in each round,-making it difficult to follow individual units_
Determining the cell culture history- of a- cell unit in a mixture of cell units, which, have been subjected
to multiple culture conditions, is sometimes referred to as teconvoiution' of the cell culture history. 25
One method of determining the cell culture history of a call. unit in a mixture of cell units, is to- label
cell units and ills Therefore advantageous-to label the cart-units. As described herein, tags - such as
rod-shaped particles, microbeads and7or microspheres may be used as labels or tags which are
conjugated to a microcarrier - such as a cell-associated 30 microcarrier. Subsequent detection and
identification provides for a record of the. chronology and identity of the cell culture conditions to which
the cell unit has been exposed. Microcarriers 35  29 A variety of microcarriers are available, ranging in
shape and size and made of different materials. By way of example, the microcarrier may be a porous
microcarrier selected from the 5 group consisting of Cytopore microcarrier (eg, a Cytopore 1
microcarrier or a Cytopore 2 microcarrier), a Cultispher microcarrier, a Cultispher-G microcarrier, a
Cultispher-GL microcatrier and a Cultispher-S microcarrier, an Informatrix microcarrier, a Microsphere
microcarrier, a Siren microcarrier, and a Microporous MC microcarrier. 10 By way of further example,
the rnicrocarrier may-be a solid microcarrier - such as a Cytodex microcarrier -(eg. a Cytodex 1.
Cytodex 2 a Cytodex 3 microcarrier) a Bioslion microcarrier, a Bioglass microcan-ier, a FACT III
microcarrier or a DE 52/53 microcarrier.    Microcarrier culture has significant advantages, including
the -scale-up of cultures, and 15also allows units of cells to be exposed to selected culture conditions
as -required in order to obtain the desired growth .and/or differentiation conditions. 



The surfaces of: the rnicrocarriers may be further modified by -Physical or chemical treatments, such-
as adsorption or covalent cross-linking of molecular entities with a 20 desired charge or other desired
characteristic, In a broad embodiment, therefore, the invention_provides a method for culturing cells in
vitro, comprising growing said cells adhered to the microcarrier complexes described herein. 25 in one
aspect, there-is provided a complex comprising a microcarrier and aeharged (eg. negatively- charged)
tag. -in other words, thereis provided a microcarrier conjugated or labelled with a charged
(egtmegatively charged) microspfiere. 50In a further aspect, 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 microcaniers 35 CultiSpher is manufactured from pharmaceutical grade
porcine gelatin via a process which yields a highly cross-linked gelatin matrix with high mechanical and
thermal  30 stability. When used in cell cultures, cells can attach to both the external and the internal
surfaces of the matrix. The increased surface area of the matrix together with the protection from
stress afforded to the cells in the interior of the matrix results in enhanced cell production capabilities.
An additional advantage of the product is that the matrix can be dissolved with proteolytic enzymes
resulting in the harvesting of cells with almost 100% viability.    ln one embodiment, the microcanier is
a Cultispher-G microcarrier. Cultispher-G has a particle diameter of 130-380 pm, a volume of 12-18
mlfg dry, a density of 1.04 g/ml with 10 an average pore diameter of 20 pm. In order to prepare and
use Cultispher-G microcarders, reference can be made to inter alia Biotech. Bioeng. (2000) 68, 1
p59-70; Brit. J. Cancer. Suppl. XXVII, S-78-582 (1996); and the manufacturer's website at
www.percell.se. 15 Cytopore 2 microcarrier Cytopore microcaniers are available from GE Healthcare
(previously Amersham) (www.microcarders.com). Cytopore is made of 100% cellulose, which is
non-toxic todhe 20- cells and -biodegradable. It is positively charged, due to the N,Ittrdiethylamirroethyl
groups. It has a very precise particle size distribution and a network structure, the retie of surface area
to particle material is more than 95 to 1. The network structure enables stained cells to be closely
observed while they grow inside the microc-arriers. The typical particle diameter is 200-280.-pm and
effective surface-area is 1.1 rn2Jg dry. The relative 25 density is 1.03 g/ml, the average diameter of
pore openings is 30 pm and the volume is 40 -rnlig dry. In order to prepare-and use Cytopore
microcarriers reference is made to inter alia Applied Microbiology and Biotechnology (1-997 4-7, 4
p352-7; Cytotechnofogy (1999) 30 043:447; Chinese Journal of Biotechnology (d999)- 15, 4 p239-44
and Acta Oto-Laryngologica (2002) 122, 5 p541-5. 30 Cytopore 2 has been optimised for
anchorage-dependent cells requiring a charge density around 1.8 megig. 



In some embodiments, the rnicrocarrier is a porcine gelatin microcarrier. 35 In some embodiments, the
microcarrier is made of 100% cellulose.  31 Advantageously, microcarriers with a strong positive
charge are optimal with tags carrying a strong negative charge. 5 Tags As described above tags may
be used as labels or tags which are conjugated to a microcarrier - such as a cell-assoated
microcarrier. Subsequent detection- and identification provides for an unambiguous record of the
chronology and identity of the 10cell-culture conditions to which the cell unit has been exposed.
Various molecular or macromoiecular tags may be used in combination with the microcarriers so long
as they can be detected. The tags typically comprise uniquely shaped or objects modified with
markings and/or coloured- and/or -fluorescent 15 compounds. In one embodiment the tags which are
used to label cell units have one or more (preferably all) of thefoliowing.qualities: i. They are small in
size relative to the microcarrier they are labelling-arid/or smaller -than the mean pore size-cif-a porous
microcarrier, ii. They are .cepable of -forming a complex with the microcarrier such that binding
persists- throughout the expertment and so unbound tags can-be separated from the complex without
affecting the labelled cell units; 25ill. They are separable from cell units with which they have formed a
complex under conditions which do not perturb the unique qualities of the tags 



iv. They are made of one or more inert substances which- do not substantially_affect the biology of the
cell unit and which intsurn isnot affected-by-the--cell:units.-ortheir biology; 30v. They are obtainable in
large numbers and moreover in many related but distinct variants which are easily distinguishable
using an appropriate technique; vi. They are distinguished by a method which is convenient, highly
reliable and which can be automated. 35In one embodiment, the tag is a microsphere - such as a
fluorescent and/or coloured microsphere.  32 More than 2000 different micmspheres made by
emulsion or suspension polymerization, precipitation etc. and comprised of polystyrene, other
polymers, copolymers, terpolymers and/or silica etc. are available in a variety of sizes, densities,
colours etc, for example from Duke Scientific Corporation (Palo Alto- CA, USA) or Bangs Laboratories
Inc. 5(Fishers IN, USA). A common type of microaphere is the Polystyrene (PS) and
styrene/divinylbenzene copolymer (S/DVB) microsphere. Other polymers include
polyrnethylmethacrylate (PMMA),polytrinyltoluene(PVT),styrene/butadiene(S/8)copolymer, 10
styrene/vinyltoluene (S/VT) copolymer. Many -of these microspheres can be functionalised, for
instance By carboxyl _groups- as in the CML microspheres, or by amino functionalized or
nitrogen-containing compounds, like primary, secondary, tertiary, and quaternary aliphatic amines,
aromatic amines, and pyridines, which offer alternative coupling reactions to the CCTOli beads. 15
Suitably, the microsphere is a hydrophilic microsphere. More suitably the microsphere is a polystyrene
microsphere. Most suitably, the_ microsphere is a surface-modified microsphere such- as a
carboxylate modified (CML) microsphere from Duke Scientific Corporation (Palo Alto CA, USA). 20 In
one embodiment, one or more CML microspberes are complexed together with one or more cytopore
2 microcarriers. _CML microspheres have a highly charged surface-layer of-carboxyl-groups derived
from 25 a copolymerisation process. The surface is somewhat porous and relatively hydrophilic, but
retains overall hydrophobic-properties. The charge density of these particles ranges_ from about
10-125 A2-per cafboxyl group, and they-Bra stable to high concentrations -of electrolytes (up to M
univalent salt). The CML latex. will adsorb proteins -and other biomolecules, but much less strongly
than hydrophobic microspheres. 



30 In some embodiments, conjugates of microspheres and proteins, e.g. streptavidin are prepared.
For example, conjugates with CML microspheres may be prepared as follows. CML 35microspheres
may be activated using a water soluble carbodiimide reagent that makes the carboxyl groups reactive
with primary amines on the proteins to be coupled. A 50  33 mM reaction buffer at pH 6.0 is
prepared.Sodium acetate or 2-N- morpholino)ethanesulfonic acid (MES) are suitable buffers. The
protein is dissolved in the reaction buffer at a concentration of 10 rrigftni-. A 1% (wiv) suspension of
microspheres is prepared in the reaction buffer. One volume protein solution to ten 5 volumes
microsphere suspension is prepared and the mixture allowed to incubate, at room temperature for 20
minutes. A solution of 10 mg/mL (52 uMolimL) of 1-ethyl-3-(3- dimethylaminopropyl)carbodilmide
(EDAC) in deionized water is prepared and used immediately. A calculated amount of EDAC solution
to the microsphere suspension is added and the pH of the reaction mixture adjusted to 6.5  0.2 with 0.
IN NaOH. The 10 mixture is incubated on a rocker or mixing wheel for 2 hours -at room temperature.
Unbound protein is removed and stored in storage buffer. Advantageously, CN1L and other
microspheres can be obtained in various formats - such as various colors (eg. blue, red, green, yellow,
black), various fluorophores (eg. 15 Fluorescein (green), Fluorescein (red) or Fluorescein and
Rhodamine (red green) and various sizes (eg. 5.4 p.m (1.14 x 1019 beadstgram), and 7.6- pm. (4,10 x
109 beads/gram)).      CML-and other microspheres may be prepared such that they are-loaded with
one or 20 more visible dyes and/or fluorophores. In one embodiment, tags - such as micrespheres -
are motcoated with proteins. Advantageously, CML miCrospheres not coated with proteins-(eg.
streptavidin)-are highly 



25 negatively charged and they adhere extremely tightly to Cytopore microcarders, which carry a high
positive charge. The ratio of CIVIL microsphere(e): Cytopore microcarrier(s) required to give bulk
complexes may be as low as about 1:1. In previous-systems that the present inventors have used a
ratio of about 1250-was required in order to obtain even a few bound tags in each complex after
multiple washes. 30 By varying various 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 4.4gm and 5.5um diameter). Beads within each size group
can be furthermore distinguished from each other based 35on differing fluorescence intensity owing to
differential loading with a single fluorescent dye. It is possible to use many different dyes with different
absorption or emission  34 characteristics, which can be attached to the microcarriers described
herein. Accordingly, Tag diversity may result from varying tag size and/or fluorophore loading (ie fluor
intensity) andtor fluorophore identity/combination. In particular. Tag diversity may result from the type
of fluorophore they carry (eg. beads can be loaded with either UV2 5 or Starfire Red); size (eg. for
each fluorophore there are 5 different bead sizes: 1.87, 4.41, 5.78, 5.37 and 9.77 microns) and/or the
quantity of fluorophore they carry (5 different intensifies of each dye are available). Other fluorophores
such as TRITC may be used. 70. Filters can then be used to defect-the at least 4 different dyes on any
given bead - such as the TRITC filter (ex 540/25; dm 565; be 605)55) for TRITC visualization from
Nikon; the DAPI filter (ex 340-380; dm 400; be 435-485) for UV2 visualization from Nikon; the GFP-B
filter (ex 460-500; dm 505; ba 510-560) for FITC visualization from Nikon and the Cy5 filter set (cat-no
41-008 from Chrome Technology) for Strarfire Red visualization. 15 Micrespheres can be dyed
internally or externally, with visible or fluorescent dyes. Internal dyeing occurs when. the_dye is
integrated into the microsphere mass, typically by. soaking the microsphere in a -solution- containing
-a dye or fluorophore. External modification. occurs -when a dye is conjugated to the surface of the
microsphere, for 2C1 instance modification of a CM_ microsphere with an isothiocyanate derivative as
described herein. Accordingly, In some embodiments, the microsphere may be dyed internally or
externally, with visible or fluorescent dyes_ 25 It-is furthermore possible to use 'quantum dots' to
obtain a very high number of different fluorescent labels which can be read conveniently. Thusi in
affurther embodiment-of the- present invention, Quantum dots instead- of fluorophores are used. in
certain embodiments, quantum dots are preferable due to the fact they do not fade (photo- 30 bleach)
when exposed- to light. For instance the fluonophore 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. Quantum dots may be incorporated into microspheres at the time of polymerizing
the polystyrene resulting in even loading of tags, . Quantum dots are available in many colours and
they can be excited at the same 35 wavelength so allowing visualization of multiple colours without
filters, by using a colour CCD camera. Further background information on Quantum dots is available
from  35 US6,322,901,U36,575,291,US2003/0017264,US6,423,551,U56,251,303,
U36,319,426US6,426,513,US6,444,143,US2002/0045045,US5,990,479, 1)36,207,392, US6,251,303,
1)56,319,426; US6;426,513 and U56,111,143. 5 Advantageously, the tags are protected against
degradation by the components of the cell culture, for example by chemical or other modification or by
encapsulation. Encapsulation of tags can take place in many different media, for example in beads as
already described herein - such as those from Bangs Laboratories Inc. (Fishers IN, USA), and
encapsulation may be used to standardise tag dosage in addition to providing 113 components for
tag-amplification and/or detection (for example-by providing PCR-primers for use with a DNA tag).
Detection of tags can be accomplished by a variety of methods familiar to those skilled in the art.
Methods include mass spectrometry, -nuclear magnetic resonance, sequencing, 15- hybridisation,
antigen detection, electrophoresis; spectroscopy, microscopy, image analysis, fluorescence detection;
.-etc. In some embodiments, since the tags typically contain a colour or a fluomphore then microscopy,
spectroscopy, image analysis and/or fluorescence detection are used. 210- The tags do not
necessarily have -to be distinguished by their chemical- or molecular structure in the first instance.
Multiple variations of the non-chemical tagging strategy can be devised to determine the identity of a
given cell unit-In a mixture or of deducing- the. identity of the different Cell units that comprise a
mixture. For instance optical or visual -methods of tagging have been described where-different
shaped- objects, graphically. 25 encoded objects or different colours denote the identity of a sample
(for example see 1-998, Guiles et al, Angew. Chem, Intl Ed .Engl, vol. 37, p926; Luminex Corp, Austin
TX, USA;-15-DirBiosciences; Memobaad Technologies, Ghent, Belgium)_    Suitably, the tag may be a
charged tag (eg. a negatively charged tag); Accordingly, in a 30 further aspect, there is provided a
complex comprising a 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-
35gylcose-aminoglycan and/or gelatin. Accordingly, the microcarrier may be selected from the group
consisting of a Cybppore microcarrier, a Cytopore 1 microcarrier, a Cytopore 2  36 microcarrier, a
Cultispher microcarrier, a Cultispher-G microcarrier, a Cultispher-GL microcarrier and a Cuitispher-S
microcanier, an Informatrix microcarrier, a Micxosphere microcarder, a Siren micro:farrier, and a
Microporous MC microcarrier. 5 Suitably , the charged tag is a sphere - such as a microsphere that is
about 9 i.tM or less in diameter. The microsphere may be a carboxylate modified (CML) microsphere.
In a further embodiment, the tag is a-rod-shaped particle. Suitably, the rod-shaped tag is a nanowire.
The nanowire may comprise, consist or consist essentially of various metals 10 - such as aluminium.
-The nanowire may be coated with various metals - such as sliver and/or gold. Suitably, the nanowire
is-about lp.M or less in diameter and/or is about 10 pM or less in length. The nanowire may be a
nanowire as described in Science volt. 294, p. 137-141 (2001). 15 Accordingly, in a further aspect,
there Is provided a complex comprising- a microcarrier and a nanowire, Briefly, nanowires are
multimetal microrods intrinsically encoded. with submicrometer stripes. Complex patterns can be
generated by sequential electrochemical deposition of metal ions onto templates with uniformly sized
pores. Advantageously, the nanowires are small enough to be used as tags thaLmay be added 20
after each split. This is more convenient as it is necessary to read tags only in the positive
microcarriera Parameters for the rod-shaped particle - such as the nanowire - include but are not
limited to site, optical properties-and/or metal composition. In-one embodiment, -the 25 optical
properties are selected from the group consisting of: light reflectivity - such as light reflectivity of a
particular wavelength, colour, the fluorescence emissionwavelength(s) and the fluorescence emission
intensity.      In some embodiments, the rod-shaped particle - such as -the nanowire is externally 30
dyed. 



The microcarder that is used together with the rod-shaped tag may be a porous microcarrier - such as
a charge neutral microcarrier. 35The microcarrier may comprise, consist or consist essentially of
protein, cellulose, polyethylene, polystyrol, glass, collagen, collagen-gyicose-aminoglycan and/or
gelatin.  37 The microcarrier may be selected from the group consisting of a Cytopore microcarrier, a
Cytopore 1 microcarrier, a Cytopore 2 mIcrocarrier, a Cultispher microcarrier, a Cultispher-G
microcarrier, a Cultispher-GL microcarder and a Cultispher-S microcanier, an informatrix microcarrier,
a Microsphere microcarrier, a Siren microcarrier, and a 5 Microporous MC microcarrier. In one
embodiment, the microcarrier that is used together with the rod-shaped microcarrier is a Cultispher
microcarrier - such as a CuItispher-G microcarrier, a Cultispher-GL microcarrier or a Cultispher-S
microcarrier. In one embodiment, the 10- -microcarrier that is used -together with the rod-shaped-
microcarrier is a Cultispher-G zoicrocarrier. Advantageously, it has been found that using rod shaped
tags and charge-neutral porous microcarriers is better than using spherical -tags on the same
microcaniers. 15 Without wishing to be bound by an particular theory it is believed that smaller tags
penetrate the pores of the microcarriers better and become jammed (presumably due to size-
asymmetry). Accordingly, the binding of nanowires is better than, for example, the binding of
microsphere tags and results in a high level permanent tagging. 20 In another eiljudimen one or more
polystyrene micrdbeads -are compiexed together with one or more Cultispher-G microcarriers. For
some embodiments, the lag is not a DNA tag. 25 In some embodiments, the tag is an externally dyed
tag. Stem-Cells - 



Stem cells are described in detail in Stem Cells: Scientific Progress and Future Research 30
Directions. Department of Health and Human Services. June 2001.
http://wviw.nth,goWnewsittemceitscireport.htm, The contents of the report are herein incorporated by
reference.    There is still considerable debate about what constitutes a stem cell, however for the
35purposes of this discussion a key characteristic is the ability to differentiate into a different cell type.
Examples of stem cells are given below.  38 Various factors that have been used to induce directed
differentiation of stem cells include: retinoic acid, epidermal growth factor (EGF), bone morphogenic
proteins (BMPs), basic fibroblast growth factor (bFGF), activin-A, transforming growth factor -beta- 5 1
(TFG p-i), hepatocyte growth factor, nerve growth factor, sonic hedgehog (SF11-1), interleukin-3
(IL-3), interleukin-6 (IL-6), granulocyte macrophage colony stimulating factor (GM-CSF), erythropoletin,
vitamin D3, dexamethasone, p-mercaptoethanol, butylated hydroxyanisole, 5-azacytidine, DMSO,
insulin, thyroid hormone (T3), LIF, foetal calf. serum, vascular endothelial growth factor (VEGF), steel
factor, variations In oxygen 10 concentration, ascorbic acid, 8-glycerodhosphate, nicotinamide, platelet
derived g rowthfactor (PDGF), cAMP, various cell. adhesion molecules and substrates, and others. In
addition to these defined factors, it is likely that undefined extracts, such as conditioned media, human
and animal tissue homogenates, or plant extracts can be used to direct stem cell differentiation.
Progressive fractionation of these undefined extracts may yield 15 active-fractions or even pure
components with high potency, These factors can be added to the growth medium userl. in a particular
experiment, ether alone, or in combination, or in a defined-order Which is crucial-to the
experimentaLresult Formation of cetrunits 20 Groups of cells (cell colonies) can be grown in cell
culture under various conditions and the cotonr-can largely maintain-its integrity under various
,..onditions, when-disturbed, -and when mixed with other colonies. Such groups.or colonies are
referred to herein as cell units. Formation of cell units may be achieved, by way of illustration, by
growing- 25 cells as adherent cultures on solid substrates such.as carriers. If cell proliferation occurs
after seeding on the carriers, the daughter cells will attach on the same carrier. and form part of the,
same colony, in general, live adherent-cells. do not readily dissociate from their growth substrate, and
so the Integrity of the cell colony persists despite any mechanical manipulation of the carrier, agitation
of the culture medium, or transfer into 30 another tissue culture system. Similarly, if at any time
multiple carriers are placed in the same vessel (e.g. beads are pooled) then there will be no
substantial transfer of cells from one bead to another.    An important advantage of forming cell units
on solid substrates is that the substrate - 35and therefore the attached cells by reason of association -
can be labelled as described herein.  



39 When cells are grown on smaller carriers they can be treated as a suspension culture. A common
method of growing cells on small carriers is referred to as microcanier cell culture (see Wicrocarrier
cell culture; Principles and Methods', Edition AA, available from 5 Arnersham Biosciences
(18-1140-62); herein incorporated in its entirety by reference). Microcarrier cultures are used
commercially for antibody and interferon production in fermenters of up to 4000 litres, As the physical
properties of carriers are well known it is easy to calculate the number of 10 carriers used in an
experiment. The carriers may be avairable as dried products which' can be accurately weighed, and
subsequently-prepared by swelling in liquid medium. In- addition the number of cells used to inoculate
a microcarrier culture can be worked out and varied_ '15Harvesting of cells grown on the microcarriers
described herein, or liberation of labels from microcaniers, can be achieved by enzymatic detachment
of cells, and/or by digestion of the carrier where applicable as described-herein. Separation of taus
from labelled cell units 20 In a further aspect, the present invention provides improved methods for the
separation of tags from cell units (eg. cell units com_plexed with microuthliers),    Advantageously,
when-the tags are separated in accordance with the methods described 25herein, they are obtained in
an intact state such that the unique parameters of each tag can be measured faithfully.
Advantageously, when the tags- are separated-in order to be analysed by an -optical method - sucft as
by microscopy - they are furthermore obtained' in close proximity to 30 each ether 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 microc,arrier and a
tag, comprising the step of contacting said complex with a protease, 35wherein said microcarrier
comprises consists or consists essentially of protein.  40 Suitably, the microcarrier comprises, consists
or consists essentially of collagen and/or gelatin - such as a Cultispher microcarrier (eg. a Cultispher-G
microcarrier, a CultispherGL microcarrier and Cullispher-S microcatrier). 5 The protease may be
proteinase K, typsin, therrnolysin andlor caspase. If the protease is prote nese K then in some
embodiments, it is used in an amount of about 0.5U/m1 or more. Suitably, the complex is contacted
with proteinase K for at least about 20-50 minutes. Suitably, the complex is contacted with the
protease in a volume 10of about 5 ul or less. In a further aspect, there is provided a method for
separating a complex comprising a microcarrier - such as a porous microcarrier - and a tag,
comprising the step of contacting said complex with acid. 15 Suitably; the microcarder has a net
charge and may comprise, consist or consist essentially-of cellulose. Thus, by way of example, the
rnicrocarrier may be a Cytopore microcarrier - such_as is a Cytopore 2 microcarrier. 20 In some
embodiments, the tag_is a sphere - such as a Tnicrosphere - that comprises, consists or consists
essentially of polystyrene. In some embodiments, the tag is a rod-shaped particle such as a nanowire.
25 Various reagents may be used for the liberation of tags from microcarrier - such as acid (eg.
Hydroc,holoric acid and/or sulphuric add) or sodium hypothlorite -and/or sodium hydroxide ill addition
to other reagents - such as trypsin-EDTA, saltulase, proleinase-K, and sodum-chloride-(e9.-5M sodium
chloride), 30 In some embodiments, the reagent-is hydrochloric acid, preferably 37% hydrochloric acid
(about 12 M). . In some embodiments, the reagent is sodium hypochiorite. 35 In some embodiments,
the reagent a protease,  



41 In some embodiments, the reagent is a proteinase K.   Suitably, the digestion of the one or more
microcarriers is carded out on an optically clear surface - such as a glass microscope slide. This
allows convenient imaging in situ 5which is advantageous as no material is lost. Suitably, the surface
is treated to prevent the spreading of a liquid containing the microcarrier, for instance using a
siliconising (oiianising) agent, 10Suitably, the microcadiers to be -digested are washed in distilled
water to remove any traces of medium-and/or salts and applied to the surface in a minimal volume of
liquid Suitably, the surface is heated to achieve complete dehydration of the microcartiers and to
adhere the tags to the surface, thus preventing dispersal. 15 In order to.carry out microcarrier
digestion in a minimal volume, preferably less than 50 and more preferably less than -21.11, the
digestion is performed irr a humidified box. In some embodiments, _the digestion is achieved -using_
one or more proteases. The 20 protease solution is. typically dispended directly onto the_dded
microcarriere and placed in the -humidified box. Once the microcarriers have dissolved (typically-
30-60mins) the slides are removed mom- the humidified. box to check -for complete digestion. The
protease solution is evaporated and complete drying of the released tags onto the slide-is provided for
to allow the tags tie be analysed. 25 in some embodiments, the digestion of the one or more
microcarriers is carried out in a microcentrifuge or PCR tube such as those manufactured by
Eppendorf. The interior of the tubes may-be treated to prevent the tags from -adhering to it once they
are -berated from the microcarriers. 30 In some embodiments, the tubes are placed in a PCR machine
allowing for precise temperature control.      In some embodiments, the PCR machine operates a
heated lid, allowing for use of 35minimal volumes of liquid.  42 Suitably, once the one or more tags
have been separated from the cell unit(s) and the tag(s), one or more images of the tag(s) may be
obtained (using, for example, a mitiuscopic technique). The images may then be analysed to
determine one or more features of the tag. S 



In a further aspect, there is also provided a method for identifying one or more tags that are obtained
or obtainable from one or more cell units comprising the steps of: (a) separating the cell unit(s) and the
tag(s); (b) obtaining one or more images of the tag(s) (eg. by using a microscopic technique); and (c)
analysing the images to determine one or 10 more features of the tag. Suitably, the one-or more
features of the tag may be used to determine the-cell culture history of the cell unit(s) from which the
tag(s) was derived or obtained. Combinatorial serial culture of cells 15 Split-pool cell culture Forming
ceN- units (particularly microscopic cell units) is furthermore useful-for sampling multiple tissue culture
conditions as each cerunit-consffiutes an easily handled unit that 20 can be _exposed te a variety of
cell- culture-conditions. In accordance with the present invention, cell groupings are typically produced
by growing cells in microcarrier culture, and the terms- cell unit, cell group, colony and-bead are used
interchangeably. A particularly efficient method for sampling a large number of cell culture conditions is
referred to as Combinatorial Cell Culture or split:pool-cell culture and in one embodiment 25 involves
the serial subdividing and combining of groups of cell units in order to sample multiple combinations of
cell culture conditions. In one aspect of the invention the method operaisc -by -taking an initial starter
culture (Dr different starter cultures) of cell units divided into- X1 number of aliquots -each containing
multiple beads (groups/colonies/carriers) which are grown separately under different culture
conditions. 30 Following cell culture for a given time the cell units can be peeled by combining and
mixing the beads from the different aliquots. This pool can be split again into X2 number of aliquots,
each of which is cultured under different conditions for a period of time, and subsequently also pooled.
This iterative procedure of splitting, culturing and pooling (or pooling, splitting and culturing; depending
on where one enters the cycle) cell units 35allows systematic sampling of many different combinations
of cell culture conditions. The complexity of the experiment, or in other words the number of different
combinations of  43 cell culture conditions tested, is equal to the product of the number of different
conditions    x X2 X ...Xn) sampled at each round. Note that the step of pooling all the cell units prior to
a subsequent split can be optional - a step in which a limited number of cell units are pooled can have
the same effect. The invention therefore embodies a number of 5related methods of systematically
sampling multiple combinations of cell culture conditions where groups of cell units are handled in
bulk. Regardless of the precise manner in which a. diversity of cell culture conditions is sampled by
this means the procedure is efficient because multiple cell units can share a 10 single vessel, where.
they are cultured under identical conditions, and -it-Gan be carded out using, only a few culture
vessels at any one, dune (the number of culture vessels in use is equal to the number of split
samples). In many respects the principle of this procedure resembles that of split synthesis of large
chemical libraries (known as combinatorial chemistry), which samples all pnQcitie combinations of
linkage between 



15. chemical building block groups (see for example: Combinatorial Chemistry Oxford University Press
(2000), Hicham Fernin (Editor)). Split-pool cell culture can-be repeated over any- number of rounds,
and any number of conditions can be samplecLat each round. So long as the number of cell units (or
colonised beads in This example) is greater than or equal to the number of- different conditions
sampled over ar rounds, and 20 assuming that the splitting of cell units-occurs-totally randomly, Lis
expected-that there will be at least one cell unit tharhas been cultured according to each of the various
combinations of culture conditions sampled. by the experiment. This procedure- can be used to
sample growth or differentiation conditions for any cell type, or the efficiency of biomolecule production
-(e.g. production of erythmpoeitin or interferon) by any cell- type_ 25 Because the procedure is
iterative, it is ideally suited to testing multistep tissue culture protocols - for instance those described
above in connection with. stem cell differentiation. The variables which can be_sampled using -this
technique include cell typercell grouping (e.g. microcarrier culture, cell-encapsulation, whole
organism), growth substrate (e.g. fibronectin on microcarrier), duration of cell culture round,
temperature, 30 different culture media (including different concentrations of constituents), growth
factors, conditioned media, co-culture with various cell types (e.g. feeder cells), animal or plant
extracts, drugs, other synthetic chemicals, infection with viruses (incA. transaenic viruses) addition of
transgenes, addition of antisense or anti-gene molecules (e.g. RNAI, triple helix), sensory inputs (in
the case of organisms), electrical, light, or red-ox stimuli 35and others.  Split-split cell culture The
purpose of performing split-pool processes on cell units is to systematically expose these to a
pre-defined combination of conditions. The person skilled in the art will 5 conceive of many different
means of achieving this outcome. In addition to split-pool processes and variations thereof, it is
worthwhile briefly discussing split-split processes. A split-split process involves subdividing a group of
cell units at least twice, without intervening pooling of cell units. If split-split processes are used over a
large number of rounds, the number of separate samples that are generated increases exponentially.
In 10 this case-ills important to employ some level of automation, for-example the use of a
robotic-platform and sophisticated sample tracking systems. The advantage of-split-split steps is that
(since cell units are not combined) it is possible to segregate lineages of the various cell units based
on their cell culture history. Consequently split-split steps can be used to deduce, if a particular cell
culture condition is responsible for any given cellular 15 -process and therefore used to deduce the
culture history of cell units. Predetermined-protocols The-splitting -and/or pooling of cell units-may be
accomplished totally randomly or may 20 follow a predetermined protocol. Where-cell units are split
and/or-pooled randomly, the segregation of a given, cell- unit into any group is not predetermined or
prejudiced in any way. in ordentosesult in a high_probabllity that at least one cell unit- hasbeen
exposed to each of the possible combinations of cell culture conditions, it is advantageous to employ a
larger number-of cell units_ than the total number of combinations of cell culture 25 conditions that are
being tested. Under certain circumstances it is therefore advantageous to split and/or pool cell units
according to a predetermined protocol, the overall -effect being that adventitious duplications or
omissions of combinations are prevented. Predetermined-handling of cell units can. be optionally
planned in-advance and logged on a spreadsheet or computer programme, and splitting and/or
pooling 30 operations executed using automated protocols, for instance robotics. Labelling of cell units
(see below) can be by any of a number of means, for instance labelling by RFID, optical tagging or
spatial encoding. Robotic devices capable of determining the identity of a sample, and therefore
partitioning the samples according to a predetermined protocol, have been described (see
'Combinatorial Chemistry, A practical Approach', Oxford 35University Press (2000), Ed H. Fenniri).
Alternatively, standard laboratory liquid handling and/or tissue culture robotics (for example such as
manufactured try: Beckman Coulter  



45 Inc, Fullerton, CA; The Automation Partnership, Royston, UK) is capable of spatially encoding the
identity of multiple samples and of adding, removing or translocating these according to
pre-programmed protocols. 5Analysis and/or separation of cell units Following each round of cell
culture, or after a defined number of rounds, the cell units can be studied to observe any given cellular
process that may have been affected by the tissue culture conditions. 10 The invention will now be
further described by.-way of Examples, witch are meant to serve to assist one of ordinary skill in the
art in carrying out the invention and are not intended in any way to limit the scope of the invention. 15
Examtales  Example 1 Biotin-conjugation or Cultispher-Gmicrocarders 20 Fluorescent microspheres
(tags). from Bangs labs are streptavidin-coated and so the Culfispher-G microcaniers -(CSG) are
bletinylated in order tothcilitate binding of the two during the course of a split-pool experiment CSG are
supplied dry and are hydrated in excess sterile PBS overnight (according-to manufacturer's
instructions) and autoclaved. 25They are then rinsed several times in sterile PBS. Example 2
Biotinyfation reagent 30 Thebiotinylation reagent,Biotinamidohexanoy1-6-amino-hexanoic acidN-
hydroxysuccinimide ester (Sigma B3295 10mg) is used. 10mg of the reagent is dissolved in 400u1
dimethylformamide (DMF) and added to 5m1 settled volume of hydrated DSC (5m1 settled volume in
50m1 tube) and mixed well by gentle pipetting 35(co% v/v BSA/PBS is pipetted up/down into the
pipette tips beforehand to prevent 



sticking of CSG to the inside surface of the tips).  46 The biotinylation reagent is allowed to incubate
with the CSG overnight at room temperature before several rinses in sterile PBS to remove excess
biottnylation reagent (rinsing is performed in a 50m1 tube with the CSG being allowed to settle
between rinses 5 and careful aspiration with a vacuum). The biotinylated CSG are now ready for use
in an experiment They are stored under sterile conditions in a known volume of PBS and the
concentrationln mixed suspension is calculated based on this volume and the dry mass of GSG added
to the tube initially 10 (typically we have-2000 CSG in 100pf) Example 3 Tagging methods in wells and
columns 15 After the seeding of CSG with ES cells, the fluorescent tags are added to tag each stage
in the split-pool matrix. The following method for tagging biotinyLateri GSG with streptavidin-coated
tags is used. 25The expetiuients are...conducted in a-5x5 wail (1.0cm.X 10crn).cell culture dish (each
well therefore measures 2cm x 2cm). TypTcally, one well will contain 7000 CSG/ES cell complexes.
The flumescenttags are-added to the well at a known-concentration of tags/CSG. The 25mixture is
gently gloated to mix (using 0.1% BSAIPBS-treated tips to prevent sticking) and then the whole 5x5
dish is tilted to facilitate close contact of the GSG and tags. The dish-is-placed in a 37C incubator for
approximately 1hr and then placed flatuntil the next stage of the split-pool experiment. 



.30 Example 4 Washing methods and sieving 35 The contents of the wells which have received the
same treatment are gently pooled together and washed through a 70pm sieve. The 050 are larger than
70pm and are  47 caught in the sieve (see Figure 2). A minimal volume of PBS (typically 5m1) is
washed through the sieve to remove unbound, fluorescent tags and the sieve is then inverted and
<3m1 basal madium washeri thraugh to collect the GEG/taci complexes. 5The contents of all wells
containing different culture conditions are washed separately before being pooled together prior to
splitting for the next round of culture conditions. Example 5 10- -Digasffon of CSG and Cytopore 2 The
following methods are used to digest the beads prior to analysis of the attached fluorescent Bangs'
tags or non-fluorescent Duke tags (as shown in Figure 1) on Cytopore 2 or CSG. 15 -(a) CSG
Incubation of individual 033 beads in 2U/m1 proteinase K (Sigma P4850) in wells of giass--bottornedi
384-well rnicrotitie plates results in complete digestion of the CSG bead 20 whilst leaving the
polystyrene, :fluorescent tags intact. Complete digestion is typically complete within 2D mins and the
fluorescent tags then remain in the proteinase k solution indefinitely, without inactiVation_of proteinase
k, with no detrimental effect to the tags:or their fluorescence (see Figure 3). 25 (b) Cytopore 2
Inculcation-of cytopore 2 micr-orriers i(made from cellulose) in 37% HCI (-12M) results in complete
digestion of the microcarrier within 90 minutes whilst leaving the attached 



coloured Duke tags intact As with the CSG, the tags remain in the digestion medium 30indefinitely,
without inactivation and with no detrimental effect to the tags (see Figure 4). Example 6 Flowchart 35
48 A spreadsheet is prepared which examines tags in parallel for LIV2 (and rhodamine) and Starfire
Red (and fluorescein) fluorescence, Ia. the flowchart shown in Figure 5 is dupl=ted in parallel with all
references to Fluorescence I replaced with Fluorescence 4, and Fluorescence 3 with Fluorescence 2.
For this system the final 'No' decisions 5 from pages 2 and 4 will go to a "No Cali". This system can
result in a tag remaining unidentified, or given two identities. The latter can occur if the thresholds for
the lowest intensity tags are set incorrectly, such that a low fluorescing tag is identified as being both
UV2 and Stafflre positive. Another in example of a double-call is when two tightly associated tags are
identified as one by an Outline' macro due to insufficient tightness of the Radius Ratio setting.
Additional IF/ AND and COUNT functions have been used to flag up such Double and No Calls. An
alternative flowchart could examine the Fluors 1 and 4 serially, such that the final 'No' 15 decisions
from pages 2 and 4 will go on to -interrogate the Starfire Red values for the relevant size tag as set
forthin Figure 6. This system can also result in a tag remaining unidentified if its size and/or
fluorescence does- not fall into the defined ranges. There will not be double calls with this flowchart,
but this is at-the risk- of mis-identifying low intensity tags or doublets as described above. -20 Example
7 ES Cell Differentiation using Combinatorial Cell Culture and deconvolution of results using labeling
methods 25  In Combinatorial Cell Culture. ES cell colonies grown on microscopic beads are shuffled
through multiple combinations of growth conditions using random spurt-pool methodology
accompanied by concomitant labffling: At the end of the- process, any beads bearing differentiated
progeny are identified and isolated; and the associated tags are analysed 



30 to deduce the cell culture history. An example of this process is described using haematopoietic
differentiation of mouse ES cells as a model system. The developmental roadmap to haernatopoiesis
is relatively well charted, and many of the recombinant growth factors that influence cell fate are
35known and readily available, nevertheless directed differentiation reported in the literature has used
materials and methods (embryoid bodies; semisolid culture media;  49 supplementation with animal
serum) which are cumbersome and undefined, and which we have sought to eliminate using the
experimental power of the new technique. In particular we set out to differentiate mouse ES cells to the
monocyte - macrophage 5 (mononuclear phagocyte) lineage (Gordon S. & Taylor P.R., Nature Rev.
lmmunol. 2005 5: 953-964), because this has been reported to occur in vitro and because it is possible
to carry out a simple functional screen for these cells based on phagocytosis of fluorescent antigens.
15Materials-and methods Reagents murine stern celf factor- (SCF) (R&D Systems, 455-MC) 15
murine thrombopoietin (TPO) (R&D Systems, 488-TO) human erythropoletin (EPO) (R&D Systems,
287-TCy human intedeakin 6 (IL-6) (R&D Systems, 206-IL) human transforming growth factor D1
(TGF 01) (R&D Systems, 240'43)       murine macrophage colony stimulating factor (M-CSF)
(R&D-Systems, 41-5-ML) 20murine interleukin 3 eL-3) (R&D Systems, 403-ML) human bone
morphogenetic protein 2 (BMP2) (R&D Systems, 355-BM) human fibroblast growth-factor (bFGF)
(R&D Systems, 233-F13) 



refinoic acid (Sigma, R2625) bovine4nsulin (Ins)(Sigma,_105-16) 25insulinftransferriniselenium
supplement (ITS) (Sigma, 13146) Microcuiture CultiSpher-G microcaniers (Percell Biolytica AB) were
hydrated and sterilized according 30 to manufacturer's recommendations. Biofinylation was performed
by addition of 10mg Biotinamidohernoy1-6-amino-hexanoic acid N-hydroxysuccinimide ester (Sigma),
dissolved in 0,4ml N,N-dimethylformamide (Sigma), to 5m1 of Ca24/Me-free PBS (CMFPBS)
containing 3x105 microcarders and incubation overnight at room temperature, followed by 5 washes
using an excess of PBS. The blotinylated mia-ocarriers were 35 stored in CMF-PBS.  50 D3 ES cells
(ATTC no. CRL-1934) were grown on gelatine-coated plastic in KO-DMEM containing 15% knock-out
serum replacement (KOSR), 1% non-essential amino acids (NEAA),1% Glutamax, 0.5%
penicillin/streptomycin, 0.1mM 0-mercaptoethanol (0-ME; Sigma) and 1000U/m1 Leukemia Inhibitory
Factor (LIF: Chemicon); all from Invitrogen 5unless indicated otherwise. On the day preceding day 1 of
the experiment approximately 1.4 x 105 biotinylated micocaniers equilibrated in medium A (IMDM
(Gibco), 15% KOSR, 1% NEAA, 0.5% pen/s-trep, 0.1mM 0-ME, 1000U/rnILIF and 1.5x104M
1-thioglycerol (MTG; Sigma)) were 10. added to 100m1of medium A-contalning 3 x 107 ES cells,
aliquoted equally into wells-of a100mm square- petri dish-425 wells; Bibby Sterilin) and incubated
overnight An aliquot of seeded microcarriers (-100 beads) were fixed in 4% paraformaldehyde (Sigma)
for 10min at- RT, washed and re-suspended in PBS, and stained with Vector 15 -Blue Alkaline
Phosphatase Substrate Kit III (Vector Laboratories) according to the manufacturers instructions.
Combinatorial Cell Culture 20Seeded microcarliers were transferred into a ThElm nylon -cell strainer
(Falcon) and 



washed with 1-5ml PBS, then transferred into an excess of medium B (Stemlineml Haematopoietic
Expansion _Medium (Sigma)containing 1.5x-1-0-4M MTG). On days 1,_4, 6, 8 and 10 microcarriers
were split equally as required by the experimental plan and -each sample incubated in welts of a
100mm; 25 well, square petri dish such that each 25 well was loaded with approx. 5000 beads in 4m1
medium B containing the relevant chemicals -and/or growtfi factors, and 1x1-06 streptavidin-coated
microsphere tags. T-his_ -procedure was followed for each-split-pool cycle except following the
split-on D10, when microcaniers- were not tagged. Following DID, tile rificrocamiers were processed
separately (i.e. not pooled) so tagging was not required. 30 On day 13 of the experiment, lmg of the
macrophage assay reagent DO-ovalbumin (Molecular Probes) was made up in 0.4m1 PBS and added
to each sample at a dilution of 1:100. Following incubation for at least 4h, the medium was aspirated
and replaced with PBS. The samples were examined on a Nikon TE2000-S inverted epifluorescent
35microscope using a F1TC filter set to identify microcarriers bearing large, round cells internally
labelled with green fluorescence.  51 Positive microcarriers were transferred by pipette into the welt of
a 384 well glass-bottom assay plate (Bibby Sterilin) containing a solution of proteinase K (2U(ml;
Sigma) in PBS and incubated at 37C for 30min, following which time fluorescent tags could be seen
5arrayed on the glass surface. Tags A set of 50 tags (Fig 13), each set comprising a population of
fluorescent, streptavidin- 10 coated polystyrene micrespheres, was commissioned from Bangs
Laboratories (Fishers, IN). The difference between the 50 sets was a function of the microsphere
diameter (sized at 1.87pm, 4.41 pin, 5.78prn, 7.37gm or 9.77prn) and fluorescence
emission/brightness (dyed with five intensities of either Starfire Red or UV2). Aliquots of these 50 sets
were further conjugated with tetramethylrhodamine-5-(and-6)- isothiocyanate (TRITC; Invitrogen)
according to the manufacturer's instructions, to produce a-maithrrium of 100 discrete tags. From these,
a set of 28 highly distinctive tags. were used in-the experiment-(Table 1). Tag anafysis 2T Tags were
_analysed by-microscopy using a Nikon 1E2000-S inverted epifiuorescent microscope equipped-with
filter sets for visualization of the fluorophoree TPITC, _DAM (UV2),, GFP-B (all from Nikon) and Cy5
(Chrome Technology). Images were captured using an-Evolution VF cooled-monochrome camera and
image analysis was using Image 25 Pro Plus (both from Media Cybernetics). The -outlines of single
microspheres were captured using bright-freld illumination and the areas within these calculated to
size the tags. The areas' fluorescence- intensities in the- LIV2, Cy5 and- TRITC channels were used to
further specify the identity of -each tag-by nomparison to reference samples containing known tags
(e.g. Fig 14). 30 



Results An experimental matrix of cell culture conditions is devised which we hypothesised contained
one or more pathways capable of directing ES cell differentiation to 35 macrophage (Table 1). The
matrix was comprised of six alternative culture conditions on the first day (DI) of the experiment,
followed by six alternative conditions on D4, a further  52 eight on D6, eight more on D8 and finally six
alternatives on D10. The total number of possible pathways through this matrix, i.e. the number of
different combinations of cell culture conditions tested, was 13,824 (e. 6x6x8x8x6 = the 'experimental
complexity'). All conditions were based on a commercially available medium which permits growth of 5
human haematopoietic progenitors, but varied in supplementation with different growth factors and
morphogens known to influence mesoderrn formation, haematopoietic development and commitment
to the macrophage lineage (Kaushansky K., N. Engl. J. Med. 2006 354; 2034-2045; Godin I. &
Cumano A. 20022: 593-603). 10Pluripotent mouse ES cells were seeded on bfatinylated rnacroporous
-gelatine microcarrier beads in the presence of LW, -where they formed cell colonies that stained
positive for alkaline phasphatase activity (Fig B). Following LW withdrawal, the beads were
systematically passaged through all possible combinations of conditions specified in the experimental
matrix using an iterative split-pool methodology as described in WO 1504013989. At the beginning of
the experiment approximately-14 x 105 seeded microcarrier beads were split randomly into six sets,
each of which was cultured separately in one of the six different media specified for D1 in the matrix.
Four days-later the beads were washed, 20 pooled, and randomly split again into six sets each.of
which was ctiltured b-one -of the media specified on 04; and this split-pool procedure repeated on 08,
08 and D10. Each time an aliquot of beads was culture-din a -different medium, those beads were
labelled. with a unique tag; except on D10, following which the split aliquots were handled separately
and therefore did not require labelling.Thus, the-movement of any given bead 25 through the various
culture media could be inferred by analysing the collection of tags associated with it The labelling
strategy we employed involved an- array of uniquely distinctive, streptavidin-coated- fluorescent
microsphere tags which bound to -the biotinyiated microcarrier substrate. 30 At the end of the
experiment, D13, the microcarriers were exposed to a hyperfluoresceinated (self-quenched)
ovalburnin antigen. This reagent is known to be specifically internalised and digested by phagocytic
macrophages, thus dispersing the fluorophore and giving rise to 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 105 input beads)
bore 35large, round, internally fluorescent cells. It was assumed that these beads had been passaged
through conditions that were either permissive or instructive for ES cell 



53 differentiation to macrophage. Beads carrying large numbers of macrophages were analysed to
deconvolute their cell culture history: these beads were isolated and the gelatine substrate proteolysed
to release bound tags, which were categorised using fluorescence microscopy followed by image
analysis. 5 Some microcarriers were labelled with large numbers of tags, all of which could be
unambiguously categorised into four different species, revealing the pathway of these beads through
the experimental matrix. For instance, bead C5 was found to have tags corresponding to the pathway
1.2, 4.2, 6.1, 8.2 and was isolated from the group of 10beads finally partitioned into condition 10.5 (Fig
lf a). Some other microcarriers (e.g. bead A22) were labelled with lame numbers of tags, of which the
majority fell into the four different species acquired through labelling, and a small minority appeared to
be acquired through adventitious transfer between different 15 microcarriers (Fig 11b). In most of
these latter cases, there was a large excess of one class of tag, which allowed a measure of
confidence in deconvoluting The cell culture history. In .a few cases (normally where overall labelling
was inefficient, e.g. bead E6) there were equal numbers of tags from two different spades added on
the same day, giving .ffse to an ambiguity (Fig 11c). Both these types- of ambiguities were easily
20resolved on further-experimentation to validate the results, as described below. A batch of
pluripotent mESi cells seeded on microcarriers was divided into a series of aliquots, each of which was
used to test one putative differentiation pathway as defined by Combinatorial Call Culture, Ambiguous
pathways (e.g. A22 and.E6) were tested by- 25 assaying each alternative in parallel. Using this
method, bead A22 was determined to have passed through conditions 12, 4.2, 6.4, 8.2, 10.3. Similarly,
the -route of bead Ea through the rrrablx Was 112  4.2, 6:3, 8.4,10.5r It is interesting that these
pathways which produced macrophage had certain conditions 30 in-common. In particular, treatments
on D1 and 04 were consistent in all three, possibly revealing a requirement for those conditions in the
generation of haematopoietic progenitors using this system. When reproduced, these pathways
consistently resulted in 10-25% of all micromniers being decorated with substantial numbers of
macrophages (Fig 12). Deviations from the optimal pathways were found to be generally detrimental to
35 macrophage differentiation. Similarly, when random pathways through the matrix were  54 tested
for the ability to produce macrophage, no effective protocols were found suggesting that these are
relatively rare. Conclusions 



C An example of mES cell differentiation is described using Combinatorial Cell Culture featuring the
use of labels or tags. The process was used to screen an experimental matrix comprising almost
14,000 different cell culture protocols for conditions leading to differentiation to the
monocyte-macrophage lineage. By screening such a large number ID of potential pathways and using
a suitable labeling strategy it was possible to identify multiple differentiation protocols, and to
overcome the use of ernbryoid bodies and animal serum, one or both of which are normally required
for monocyte-macrophage development in vitro. 15 Example 8 Digestion of Cu pher-G micrecarriers
nag/ass slides for tag deconvolution Reagents and Eco3ipment 20  Proteinase K (Sigma P4850 1mt)
Sigmacote (Sigma SL-2)  Glass microscope slides  68C oven 250 Home-made humidified box
Glycerol (or Citifluor)  Forceps a 13mm-diameter glass coversiips 30 Methods Microcarriers are
digested individually to reveal the complement of tags that are attached. Digestion is carried out on a
glass microscope slide (can digest up to 6 microcarriers on one slide) 35  55 



Coat glass microscope slides with Sigmacote in fume hood: holding slide horizontally, carefully pipette
lml of Sigmacote onto the top of the slide, ensuring that it covers the entire class surface, Leave in
place for approx 30s and then carefully tip the slide and remove the Sigmacote from the edge with a
pipette. The sigmacote 5 may be re-used so return to the bottle. Most of the Sigmacote is removed in
this way but do allow any remaining Sigmacote to evaporate completely. If there are any traces of
Sigmacate left on the slide or if there are any smears, wipe the surfaces of the slide with gloved fingers
to produce clean surfaces on the slide 10-Ensure that -microcarriers to be digested have been
carefully washed in dH20 to remove-any traces of medium andfor salts, Using a 20p1 pipette tip,
carefully remove individual rnicrocarriers from the dE120 in a minimal volume (1-2p4 max) and deposit
on the-glass slide, It is not always necessary to pipette the whole 1-2p1 volume onto the slide; just
pipette enough to deposit the microcarrier on the slide (ensure the 15-microcarriers are sufficiently
spaced to tallow later addition of a coverslip without overlap - 5-6 microcarriers per slide is-achievable
with care) Carefully place the slides in a 613C" oven to achieve complete -dehydration of the
micrecarriers and sticking to the slide (10 rains should-suffice): 20 Make a fresh 501rni solution of
protelnase k in dH20 (note that the concentration of protelnase k stock varies between _batches so the
dilution-should be calculated with each new batch (eq. Stock solution '1230U/ml to 50/m1= 5/1230 =
1/246. ie. 1 in 246 dilution-of stock solution in d1-120) 25 Prepare a humidified box in which the
digestion reaction will be performed fa 10cm x 1-0crn _cell-culture Petri -works well with disposable
plastic *pipettes- cut to size to fit along 2 sides, Place water-wetted tissue inbetween the pipettes)
30Carefully but quickly pipette 0.5p1 of 5U/m1 proteinase-k solution directly onto -the dried
microcarriers (this can be quite fiddly as 0.5p1 is a very small volume and will evaporate quickly
outside the humidified box). Once all the microcarriers have had proteinase k added to them, place the
slide in the humidified box and cover with a lid. Leave at room temperature, protected from light as
much as possible, until the 35microcarders have dissolved (typically 30-60mins). It is necessary to
remove the slides from the humidified box to check for complete digestion and this needs to be  56
performed as quickly as possible before immediate return of the slides to the box to avoid evaporation
of proteinase k soln) Once satisfied that the microcarriers have completely dissolved, remove the
slides 5 from the box and allow to sit at room temp to allow evaporation of the proteinase k soln (this
will proceed quite quickly). Place the slides in a 68'C oven for approx 10 mins to ensure complete
drying of the released tags onto the slide). 



Carefully add a 40 drop of glycerol directly to the dried tags, taking care to avoid air TO bubbles (if air
bubbles are present in the-drop it is often easy :to remove them by pricking with a small needle). Using
forceps, carefully lower a dust-free, 13mmdiameter coverslip onto the glycerol droplet, taking extreme
care to avoid air bubbles (it is almost impossible to remove air bubbles from under the coverslip once
in place). :Allow the coverslip to settle -(the glycerol will spread throughout the entire coverslip_
15.Protect slides from light as much as possible but be careful not to disturb the coverslips too much
and spread glycerol over the surface. Arralysatags using a microscope: 20 Example 9 Digestion of
Cytopme 2 micrDaarriers Reaaents and Equipment 25  tab coat, safety-glasses, gloves
'Hydrochloric-acid, 37%  Petri dish  Thin-walled PCR tubes  Sigmacote (Sigma cat # SL-2)  Citifluor
mounting medium (Agar scientific) Method  57 Following a split-pool experiment, microcarriers are
digested individually to reveal the complement of tags that are attached. Digestion of individual
rnicrocarriers is carried out in a thin-walled PCR tube in a thermal cycler or heater block at 65C.  



Draw individual cytopore-2 microcarder + tags (+cells) into pipette tip in smallest volume possible,
typically <2 pl (200 pipette and tip work well) and deposit into 5p1 drop of 37% HCI in petri dish. Move
quickly to next step... Quickly draw up the microcarrier into a pipette tip set to lul and deposit into the
very bottom of a thin-walled PCR tube and dose the lid. Place the tube in a thermal cycler or heater
block set at 65C for 7 mins (check that the carrier has dissolved by inspection through the tube wall
using a microscope and incream-time by another 2 mins if necessary. Carrier should have dissolved
after 7-9 mins). Treat glass microscope slide with Sigmacote. Treat 2p1 pipette tip with- -sigrnacote,
ensuring-that it dries completely, before carefully removing the IICL in the PCR tube containingLthe
tags. Deposit 1 id droplet onto microscope slide. Invert so-drop is hanging drop and incubate in 68oC
dry over until completely dry (15-30 mins). Add drop of Citifluor and coverap. Analyse tags using a
microscope.  25 Example 10 Labelling cell units with-rod-shaped lags. 30 3500 CultispherG
microcarriers were seeded with Da mouse ES cells in a single cell suspension at a density of 50 cells
per carrier in 2m1 growth medium comprising KODMEM + 15% KO-SR, 100U/rni penicillin, 50pgimI
streptomycin, 2mM GlutaMAX, 1X NEAA, 1000U/m1 LIF, 10ORM 194E, and the cell units cultured
overnight at 37C. 35Neutrat red vital staining was performed on the cell units prior to addition of
nanobarcode particles to confirm viability of cells before particle addition.  58 Suspensions of
rod-shaped particles compiising 6 micron-long Ag/Au coated aluminium nanowires (Nicevramer-Pena,
S.R. et al., Science 294: 137-141, 2001) were obtained from Oxonica Healthcare (1Gdlington, UK) at a
concentration of 1x109 particles per ml. 5 Two barcodes designated 101010 and 100001 (where 1 =
Ag and 0 = Au) were used to label the cell units. 



A sample of the rod-shaped particles was removed from the stock and sterilised in 95% ethanol for 1
hr before washing and Tesuspension in stenle PBS. A mixture of the two 10 nanobarcode particles
was added to -875-cell units in 2m1 medium in a well of a 26-well cell culture- dish at a ratio -of 1000
particles per cell unit. The tell culture dish was incubated at 37C overnight on an orbital shaker. After
24 hours in culture the labelled cell units were placed on a 70prn filter to remove 15 unbound
rod-shaped particles and washed 5 times with 5m1 PBS. Individual cell units were removed and the-
continued viability of the 03 cells in the presence of the rod-shaped particles assessed by neutral
red-vital stain. Individual car -units were deposited on Sigmacotaeated glass- microscope slides and
20 ptad -at-68C-for 10-15 mine to ensure complete dehydration. Fresh 5U/rni protainase k in H20 was
prepared and 0.5p1 deposited directly on the dehydrated material. Slides were iromediatelyjplacec.1 in
a humidified chamber until the gelatine material had digested (typically 30-60 mins) and then removed
to a 68C incubator to allow complete evaporation of the proteinase -It solution (typically -10 25 A 5p1
drop of glycerol was applied-directly to the dried spot -and a 13mm round.coverslip applied:
Microscopic images-of The released rod-shaped particles were captured usingbrightfieldillumination
with a-Nikon TE2000S inverted eptfluerescent microscope: 30Discrimination of the rod-shaped
particles in the sample was achieved using a Deitavision RT microscope equipped with a Hg lamp and
a Chrome CFP filter set (Ex. 436110; Em. 465/30) with a 100x oil immersion objective. Further
Aspects 35 Further aspects and embodiments are presented in the following numbered paragraphs.
59      1. A complex comprising a microcanier and a microsphere or microbead.      2. The complex
according to paragraph 1, wherein the microcarrier is a Cultispher-G 5 microcanier or a Cytopore 2
microcarrier.  3. The complex according to paragraph 1 or paragraph 2, wherein the microsphere or
microbead is a fluorescent and/or coloured microsphere or microbead. It 4. The complex according to
any of the preceding paragraphs, wfierein-the microcarrier is blotinylated. 



5. The complex according to paragraph 4, wherein the fluorescent microsphere is a hydrophilic
microsphere. 15  6. The complex according to paragraph 5, wherein the hydrophilic microsphere is a
carboxylate-modified (CML) microsphere.       7. The complex according to paragraph 6, wherein the
complex comprises a Cytopore 2 20 microcanier and a Cit. microsphere-. C. The complex according to
paragraph -7, wherein- the -ratio of CML microsphere:Cytopore 2 microcanier is about 1:1. 25 9. The
complex according to any of paragraphs 1-4, wherein the microbead is a polystyrene microbead. 1-0.
The complex-according to any of-paragraphs 1-4 and 9, wherein thesnicrobead is streptavidin-coated.
60  11. The complex according to paragraph 10, wherein the complex comprises a Cultispher-G
microcarrier and a polystyrene microbead.       12. The complex according to any of paragraphs 3-11,
wherein the fluorophore is 35 TRITC.  60  13. A method for separating a complex comprising a
Cultispher-G microcarrier and a miorosphere, comprising the step of contacting said complex with
proteinase K      14. The method according to paragraph 13, wherein the proteinase K is used in an 5
amount of 2U/ml.  15. The method according to paragraph 13 or paragraph 14, wherein the complex is
contacted with proteinase K for about 20 minutes. tO 16. A method for separating a complex
comprising a Cytopore 2 and a microhead, comprising the step of contacting said complex with HCI.
17. The method according to paragraph 16, wherein 37% HCI (-12M) is used. 15 18. The method
according to paragraph 16 or paragraph 17, wherein the complex is contacted with Ha for about 90
minutes 19: A method for determining the effect of a plurality of culture conditions on a cell comprising
the use of:a complex according to any of paragraphs 1-12. 20 



20. A method for determining the effect of a plurality of culture conditions on a cell,
comprising_the-steps of:       (a) providing- a first set of gronpc 61 cell -units each corrrprising one or
more cells, and 25exposing said groups to desired culture conditions;       (b) subdividing one or more
of said groups to creates frnlier set of groups of oak un'       (c) exposing said further groups to further
desired culture conditions; 30       (d) optionally, repeating steps (b) - (c) iteratively as required; and  (e)
assessing the effect on a given cell unit of the culture conditions to which it has been exposed,  61
wherein each cell unit comprises one or more cells adherent to or bounded by a complex according to
any of paragraphs 1-12.      21. A method for determining the effect of a plurality of culture conditions
on a cell, 5comprising the steps of: a) providing a first set of groups of cell units each comprising one
or more cells, and exposing said groups to desired culture conditions; in(b) podiing two-or more of said
groups to form at least one second pool;       (c) subdividing the second pool to create a further set of
groups of cell units;       (d) exposing said further groups to desired-culture conditions; IS (e).
optionally, repeating_steps (b) - (d) iteratively as required; and  (f) assessing-the effect on a given cell
unit of the culture conditions to Which it has been exposed, 26 wherein each cell unit comprises one or
more cells adherent to or bounded by a complex according to anyof paragraphs-1-12.       22_ A
method' for exposing a cell to-a variety of cell culture-conditions, comprising the 25steps of: a)
providing a first set of groups of cell units each comprising one or- more cell, and estposing said
groups to-desired culture-conditions; 



30(b) pooling two or more of said- groups to form at least one second pool;       (c) subdividing the
second pool to create a further set of groups of cell units;       (d) exposing said further groups to
desired culture conditions; and 35       (e) optionally, repeating steps (b) - (d) iteratively as required,  62
wherein each cell unit comprises one or more cells adherent to or bounded by a complex according to
any of paragraphs 1-12. 6 23. A method for determining the effect of a plurality of culture conditions on
a cell, comprising the steps of: (a)- providing a first set of groups of cell units each comprising one or
more cells, and exposing said groups to desired culture conditions; 10      (b) pooling two or more of
said groups to form at least-one second pool;      (c) subdividing the second pool to create a further set
of groups of cell units; 15 (d) exposing said further groups to desired culture conditions;      (e)
optionally, repeating steps (b)- (d) iteratively as required.; and      (f) assessing the-effect on a given
cell unit of the cOlture conditions to-which-it.has been 20 exposed, wherein each cell unit-comprises
one or morecelisadherent to or bounded by a complex according to any of paragraphs 1-12. 25 24. A
method according to any of paragraphs 20-23, wherein the cells are cultured in cell units, each cell unit
comprising one or more cells. 25. A method according to -paragraph 24, wherein the cell units are
single cells. 30 26. A method according to any of paragraphs 20-25, wherein the culture conditions are
media to which the cell is exposed. 27. A method according to paragraph 26, wherein the media
contain one or more specific agents which influence a cellular process.  



63 28. A method according to any of paragraphs 20-27, wherein the cell culture conditions comprise
culturing at one or more specific temperatures.     29. A method according to any of paragraphs 20-28,
wherein the cell culture conditions 5 comprise culturing on one or more specific substrates. 30.A
method for identifying a gene which influences a cellular process, comprising the steps of: 10 a)
determining the effect of one or more culture-conditions on a cell unit in accordance with any one of
paragraphs 20-29; b) analysing gene expression in said cell units when exposed to said culture
conditions; and c) identifying. genes which are differentially expressed under desired culture
conditions. 31. A method. according to paragraph 30, wherein the desired culture conditions influence
a cellular process 32.. A method for producing a nucleic acid- which encodes a gene product_ which
influencPs a cellular process, comprising identifying- a gene in accordance with paragraph 30 or
paragraph 31,. and producing at least_the coding region of said gene by nucleic- acid synthesis or
biological replication. 25  33. X method for inducing a cellular process, comprising the steps et (a)
identifying one or more genes which are differentially expressed in association with the cellular
process in accordance with paragraph 30 or paragraph 31; and 30 (h) modulating the expression of
said one or more genes in the cell.  34. A method according to paragraph 33, wherein modulation of
gene expression in the cell comprises transfection of said one or more genes into the cell,  64 35,A
method according to paragraph 33, wherein modulation of gene expression 



comprises the exogenous administration of a gene product. 35.A method for identifying the state of a
cellular process of a cell, comprising the 5steps of: (a) identifying one or more genes which are
differentially expressed in association with the cellular process in accordance with paragraph 30 or
paragraph 31; and to(b) delecting the modulation of- expression of said one or more genes in .3 cell,
thereby determining the state-of the cellular process of said cell. 37. A method according to paragraph
36, wherein said one or more genes encode a marker.  38. A method according to paragraph 37,
wherein said marker may be detected by -an immunoassay. 39. A method for inducing a cellular
process; comprising the steps of: (a) determining the effect of one or more culture conditions on a cell
unit, in accordance witlyanyane of paragraphs 20 to (b)zxposing celLto culture conditions which-induce
the cellolar process; and .(c) isolating the desired ceff.  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 agent(s) which induce the cellular process in the cell units.  65 41.A method for preparing an
agent which is capable of inducing a cellular process, comprising the steps of: 



(a) determining the effect of one or more agents on a cell unit, in accordance with any 5 one of
paragraphs 20 to 29;  (b) identifying those agent(s) which induce the desired cellular process in the
cell units; and 10c) synthesising or isolating the agent(s). 42.A method according to any of the
preceding claims, wherein the cellular process is cell proliferation or differentiation. 15 43.A method for
culturing stem cells or cells that-have been derived from stem cells in vitro comprising the steps of:
a) incubating a stem cell-culture; and-         b) splitting said culture into two or more groups of stem
cells, and culturing said group of stem cells under two or more different sets of culture conditions 20
wherein each cell unit comprises one-or more cells-adherentto or bounded by a complex according to.
any of paragraphs 1-1-2_ 43.A method according to paragraph 43, vMereirrthe cells are-cultured in
cell units, 25each cell unit comprising one or more cells. 4,4.A method according to paragraph 42 or
paragraph 43, wherein the cell units are single cells.. 30 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
culture conditions.  



66 47.A method according to paragraph 46, wherein said change of culture conditions comprises a
change of medium. 48.A method for obtaining differentiated cells from stem cells hi vitro comprising
the 5steps of: (a) growing stem cells adherent to the complex according to any of paragraphs 1-12 in a
culture medium; (b) transferring the complex from one culture medium to another, ic(c) optionally
repeating step (by as required; and (d) obtaining the differentiated cells attached to the complex. 49. A
method according to paragraph 48, wherein the differentiated cells are isolated by enzymatic or
chemical detachment from the complex. 15 50. A method-according to paragraph 49, wherein the
enzyme is proteinase 51. A method-according to paragraph 49, whereinthe zhemical is HU. 20 52. A
method according to any of paragraphs 48-to 54, wherein the differentiated cells are isolated by
digestion of the complex according to any of paragraphs 1-1a    53. A method of growing pluripotent
stern cells in vitro comprising the steps oft 25 (a) seeding said cells on the complex according to any of
paragraphs 1-12; and (b) propagating the cells while attached-to the complex.       54. A method for
identifying one or more area and/or density values for a tag obtained 3b- from a cell unit comprising
the steps of: (a) obtaining one or more images of the tag; (b) drawing outlines for the one or more
images' (c) loading the outlines for the one or more images; and 35 (d) reading the area and/or
brightness within the one or more outlines. 



67 55. A method for identifying one or more area and/or density values for a tag obtained from a cell
unit comprising the steps of: (a) separating the cell unit and the tag; 5(b) obtaining one or more images
of the tag using a microscopic technique;  (c) drawing outlines for the one or more images;  (d) loading
the outlines for the one or more images onto further corresponding images obtained using a different
microscopic technique; and  (e) reading the area and/or brightness within the one or more outlines. 10
56. A -method- according to paragraph 55, wherein step (e) comprises counting and/or classifying one
or more different tags in one or more cell units.       57. A-method according-to paragraph-54 or 55.,
wherein the-method comprises counting 15and/or classifying at least different types of tags in one or
more cell units. 58. A method-according to-paragraph 54 or 55, wherein the method comprises
counting and /or classifying up to about 10-orup to about 50 different types of tags in one or more cell
units. 20 59. A method according to any of paragraphs 54:58, wherein the area and/or density values
are inputted into a spreadsheet   60, A method according to -any of paragrapbs 54-59, Wherein-the
image is selected from 25 the group consisting of a phase image, a blue image, a green image, a near
red image and a far red image. 61. A computer program product including -a computer- prcgram for
controlling a computer to perform a method as claimed in any one of paragraphs 54-60. 30 62, An
apparatus for identifying one or more area and/or density values for a tag, said apparatus comprising
data processing- logic operable to perform data processing operations in accordance with a method as
claimed in any one of paragraphs 54-60,  



68 (a) comparing the upper and lower limits of at least one parameter of a tag with the mean
measurement of the at least one parameter of the tag; 5(b) comparing the mean measurement for the
at least one parameter of the tag with the lowest limit for the at least one parameter of the tag; and (c)
correlating the measurement of the at least one parameter of the tag with the identity of the tag
associated with the cell unit: TO  64. A method according:to paragraph 63,-wherein if the lower limit is
less than the mean measurement and the mean measurement is less then than the upper limit then
the upper and lower limits of a further parameter of the tag are compared with the mean measurement
for at least one lurther parameter of thetag. 15  65. A method according to paragraph 63, -wherein if
the lower limit is-not less than the mean measurement and the mean measurement is not less then
than the upper limit then the upper and lower limits of at least one further integer of-The same
parameter of -the tag is measured. 20  66. A method according to paragraph 65, wherein if the lower
limit is less ttTan the mean measurement and the mean-measurement- is less then than the upper
limit then the -at least one further parameter for the tag is measured. 25 67. A method according to
any of paragraphs 63-66, wherein if the mean measurement for -the at least one parameter of-the- tag
is greater than the _lowest limit for at least one parameter of-the-tag, then the result is correlated with
one or more Lacs thal possess the-one or-more parameters. 30 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 -limit for the one or more parameters of the tag, then the result is correlated
with a tag that possess the parameter.  69 the at least one further parameter then the upper and lower
limits of at least one further integer of the same parameter of the tag is measured.       70. A method
according to paragraph 68, wherein the method is repeated for one or 5more further integers of the
same parameter of the tag.  71. A method according to paragraph 69, wherein the method is repeated
for all integers of the same parameter of the tag. 10 72. A-method according to_paragraph. 68,
wherein if the lower-limit-is less than the-rnean measurement and the mean- measurement is less then
than the. upper limit for the at least one -further parameter and the mean measurement for the at least
one parameter of the tag is greater than the lowest limit for at least one parameter of the tag, then the
result is correlated with one or more tags that possess the one or more parameters_ 



73. A method according to-paragraph 71, wherein if the-lower limit is Ss than the mean measurement
and the mean measurement is less then than -the upper limit for the -at least one further parameter
and--the mean measurement for the at least one parameter of the. tag is not greater than the-lowest
limit for the one or more paramers of the tag, then 217 the result is correlated with-a-tag that-possess
the parameter.  74. A-method according to-any of-paragraphs 62-72, wherein the parameter(s) of the
tag. are selected from the group consisting of size of the tags, the type of fluorophore that they carry;
and the quantity of fluoraphare that they carry, 25 75-. A methodaccording to paragraph 73, wherein
he sizes are-selected from 5 different sizes.    76. A method according to paragraph 73 or paragraph
74, wherein the sizes are 30 selected from the group consisting of about 1.87um, about 4.41um, about
5.37um, about 5.78um and about 9.66p.m.  77. A method according to any of paragraphs 73-75,
wherein the fluorophore is either UV2 or Starfire Red.  70  78. A method according to any of claims
73-75, wherein the quantity of fluorophore is selected from 5 different quantities.       79. A method
according to paragraph 77, wherein each different quantity gives a 5 to 10- 5fold difference In
brightness.  80. A method according to any of paragraphs 62-79, wherein there are up to 3 different
parameters and 50 different integers or populations. 10 BT. A-method complex according to any of
paragraphs 62-79, -wherein each cell unit comprises one or more cells adherent to or bounded by a
-complex comprising a microcarrier and a polystyrene microbead.  82. A method according to
paragraph 80, wherein. the rnicrobead is.streptavidin-coatedi Is-  83. A method according to paragraph
BO or paragraph 81, wherein the complex comprises a Cultispher-G microcarrier and a polystyrene
microbead.       347 A_ computer program product including a computer program for controlling. -a20
computer_b perform a method as claimed in -any one of paragraphs 62-82. .85. An apparatus for
determining the chronology and identity of the cell culture conditions to which a cell unit has been
exposed, said apparatus comprising data processing logic operable to perform data
-processing-operations -in. accordance with a 25 method as claimed in any one of paragraphs 62782.



71 TABLE 'I Tag 0 Fluor [Fluor] TRITC Additions to Basal Medium       1.1 44 LW 4 - 10nM RA 



1.2 4.4 SR 2  0.1% (v/v) DMSO 1.3 4.4 IA' 2 - 10001.1/mIUF + TG911 + 5 ng/mIBMP2 14 74 SR
10001lirnIUF  10 ng/m1tFGF 1.5 7.4 



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



10 gg/mlins 4.3 9.8 UV 7  2.5ng/mITGFp1 + 5 ng/m1BMP2 4.4 4.4 SR 4  40 ng/ml SW 4.5 -7.4 -SR .
20 ng/ml TPO 



4.6 9:8 ISV I . 10 gg/m1 ITS 6.1 4.4 SR -  30 rig/nil IL3 + 20 ng/ml 11.6 6.2 7.4 LNI 4  30 rig/ml IL3 +
20 ng/m1 IL6 + 3 U/ml EPO + 10 ng/mIM-C-SF 6.3 9.8 



,UV 3  1.0 ggiml rrs + 31.8ml EPO 6.4 7.4 UV 1  13 uginil ITS + 10 ng/m1M-CSF 6:5  4,4 UV 5
20.ng/mITPO + 3 Ufml EP -65 7A SR 3. 



20 rig/ml TPO + 10 ng/m11A-CSF 6.7 4.4 UV- 3  30 ng/ml IL3 ? 2C) nglml IL6 + 3 U/ml EPO 6.8- 78
UV 5  30 ng/m1-11.3.# 20 ng/m111_6 + 10.ng/m1M-L.sr 8.1 4.4. SR 3  30 rig/ml IL3 + 20 rig/ml II:6- 



8,2 7,4 SR '5  32 ng/m1183 + 20 ngtml IL6 + 3 U/ml EPO + 18 rig/ml M-CSF 83- 9:8 UV 1  10 ggirn1
ITS + 3 UirrJ-EPO 8.4 7.4 UV 2  10 gg/ml ITS + 10 ng/ml M-CSF 8.5 -7.4 



SR 3  20 ng/ml TPO + 3 -1.1/rnEEPO 8.6 4.4 SR  5  20 rig/ml TPO +long/ml M-CSF 8.7- 9.8 UV 3  33
ngtoil IL3 + 20 ng/ml 103 + 3 U/m1EPO 8.8 44 UV 4 



30 ng/mIlL3-+ 20 ng/ml IL6 + 10 ng/m1M-CSF 10,1     30 nWmIlL3 + 20 nglml1L6 102     30 nglml IL3
+ 20 nolml IL6 + 3U/ml EPO + 10 rig/m1 M-CSF 10.3     20 nglrol TPO + 3 U/ml EPO 



10.4     20 rig/ml TPO + 10 ng/mIM-C,SF 10.5     30 rig/ml IL3 + 20 rig/nil IL6 + 3 U/mIEPO 10.6     30
rig/ml ID + 20 n g/mIlL6 + 10 rig/ml M-CSF  72 



Leaend to Table 1  List of the conditions comprising the experimental matrix, and the corresponding
tags used to label microcarriers exposed to those conditions. Tag nomenclature denotes the 5 day of
the experiment and the experimental condition (day.condition). Columns 2-5 list the characteristics of
the corresponding tag, Le. size (diameter); fluorophore identity (L)V2 or Starfire Red); fluorophore
intensity (1 lowest - 5 highest) and whether the tag was TRITC modified. For each condition of the
matrix, the final concentrations of the different growth factors and/or morphogens present in the basal
medium are indicated in 10the final column.  73 All publications mentioned in the above specification
are herein incorporated by reference. Various modifications and variations of the described methods
and system of the invention will be apparent to those skilled in the art without departing from the scope
and spirit of the invention, Although the invention has been described in connection with 5 specific
preferred embodiments, it should be understood that the invention as claimed should not be unduly
limited to such specific embodiments. Indeed, various modifications of the described modes for
carrying out the invention which are obvious to those skilled in molecular biology or related fields are
intended to be within the scope of the following 10 15 20  74 CLAIMS  1. A complex composition
comprising a microcarrier having a net charge, conjugated to a charged particulate tag having optically
detectable properties, wherein the microcarrier comprises a material selected from the group
consisting of protein, cellulose, polyethylene, polystyrol, glass, collagen,
collagen-glucose-aminoglycan and/or gelatin, and wherein the microcarrier having the charged
particulate tag conjugated thereto is configured for adherence by a cell unit in a culture system.  2. The
complex composition according to claim 1, wherein the microcarrier is a porous microcanier.  3. The
complex composition according to claim 1, wherein the tag is negatively charged.  4. The complex
composition according to claim 1, wherein the charged tag is a sphere.  5. The complex composition
according to claim 4, wherein the sphere is a microsphere. 



6, The complex composition according to claim 5, wherein the microsphere is about 9 Ail or less in
diameter.  7. The complex composition according to claim 5, wherein the microsphere is a carboxylate
modified (CML) microsphere,  8. The complex composition according to claim 1, wherein the tag
comprises polystyrene and/or latex.  9. The complex according to claim 1, wherein the complex is
adhered orbound to a cell unit.  10. The complex composition according to claim 9, wherein at least
one antibody is bound to the cell unit  11. A method for determining the effect of a plurality of culture
conditions on a cell, comprising the steps of; (a) providing a first set of groups of cell units each
comprising one or more cells, and exposing said groups to specific predefined culture conditions; (b)
pooling two or more of said groups to form at least one second pool; (c) subdividing the second pool to
create a further set of groups of cell units; (d) exposing said further groups in step c) to further specific
predefined culture conditions; (e) optionally, repealing steps (b)-(d) iteratively as required; i and (f)
assessing the effect on a given cell unit of the different specific predefined culture conditions to which
it has been exposed, wherein each cell unit comprises one or more cells adherent to or bounded by a
complex composition according to claim 1.  12. The method according to claim 11, wherein the cells
are cultured in cell units, each cell unit comprising one or more cells.  13. The method according to
claim 12, wherein the cell units are single cells.  14. The method according to claim 11, wherein the
culture conditions are media to which the cell is exposed.  15. The method according to claim 14,
wherein the media contain one or more specific agents which influence a cellular process.  16. The
method according to claim 11, wherein the cell culture conditions comprise culturing at one or more
specific temperatures.  75  17. The method according to claim 11, wherein the cell culture conditions
comprise culturing on one or more specific substrates.  18. The method according to claim 11, further
charged particulate tags from the complex composition.  19. The method according to claim 18,
wherein the tags are separated by exposing the complex composition to an acid, a protease or a
cellulase.  20. The method according to claim 19, wherein the tag is subjected to image analysis.  21.
A method for culturing stem cells or cells that have been derived from stem cells in vitro comprising the
steps of: a) incubating a stem cell culture; and b) splitting said culture into two or more groups of stem
cells, and culturing said two or more groups of stem cells under two or more different sets of specific
predefined culture conditions; wherein the cells are cultured in cell units, each cell unit comprising one
or more cells adhered to or bounded by the complex composition according to claim 1.  22. The
method according to claim 21, wherein the cell units are single cells.  23. The method according to
claim 21, wherein said stem cells are subjected to at least one change of culture conditions. 



24. The method according to claim 23, wherein said change of culture conditions comprises a change
of medium.  25. A method for obtaining differentiated cells from stem cells in vitro, comprising the
steps of: (a) growing stem cells adherent to the complex composition according to claim 1 in a culture
medium; (b) transferring the complex composition from one culture medium to another; (c) optionally
repeating step (b) as required; and (d) obtaining the differentiated cells attached to the complex
composition.  26. The method according to claim 25, wherein the differentiated cells are isolated by
enzymatic or chemical detachment from the complex.  27. The method according to claim 25, wherein
the differentiated cells are isolated by digestion of the complex.  76 METHOD ABSTRACT The present
invention relates in one aspect to a method for determining the cell culture history of a cell unit labelled
with more than one type of tag comprising the steps of: (a) measuring one or more parameters of each
tag that is used to label the cell unit; (b) identifying each tag in the cell unit; and (c) correlating the
identity of each tag to the identity of the cell unit and/or the specific cell culture conditions to which the
cell unit has been exposed. No suitable figure. 




