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regular issue of the PCT Gazette.     ~  (54) Title: METHOD FOR SELECTING
ANTIBODY EXPRESSING CELLS (57) Abstract: A method for selecting high level
antibody producing cells, comprising the step of attaching protein A or
protein G  to a cell surface, thus capturing secreted, soluble antibody.
Fluorescence staining of the captured antibody by conventional methods  and
subsequent FACS analysis allows to select ]ow abundance high producer
single cells. 17 December 2004 WO 03/012449 I. Method for selecting
antibody expressing cells PCT/EP02/08054 FIELD OF THE INVENTION The present
invention relates to the field of biotechnological production of It is an
object  of the present invention to devise a method for selecting antibody
producing cells and for 5 assessing cell line stability.  BACKGROUND OF THE
INVENTION Selection of antibody producing cells versus non producing cells
and in particular the  selection of high producing cell lines is an
important first step in the development of any  bioprocess. For protein
production from animal cells, such selected cell lines have 10
traditionally been isolated by rounds of limiting dilution cloning followed
by product  analysis. This traditional process is time consuming and
costly. Two rounds of cloning are required to improve the theoretical
confidence of achieving clonality. Clonality is  important to avoid
overgrowth of high producers by low productivity variants which  usually
have higher growth rates than high producers. In total, the traditional
process can 15 take in excess of 8 months to complete. Furthermore,
practical considerations may limit the  number of cells actually screened
and thus may render the detection of low abundance  high-producing cell
clones a mere question of chance. Assessment of cell line stability during
the development process can further require 20 analytical cloning, which
can take between 6 to 7 weeks. In addition, analytical cloning involves
assessment of 200-300 clones, compared to the analysis of many thousands
that is  possible with flow cytometry, which therefore provides a more
detailed and accurate  



picture regarding the size of the non-producing population. Previously
reported secretion  assays have not been of sufficient sensitivity to allow
resolution and thus quantification of  distinct sub-populations. Flow
cytometry (FC) has also made it possible to monitor productivity of a very
large  number of cells and to isolate suitable single cells. FC requires
labelling of cells with  fluorophor, whose fluorescence is quantified in FC
and should correlate with the desired 30 property. However, the amount of
antibody displayed membrane-bound on the surface of a  cell line does not
correlate well with its secretion rate for soluble antibody (Meilhoc et
al.,  Application of flow cytometric measurement of surface IgG in kinetic
analysis of monoclonal antibody synthesis and secretion by murine hybridoma
ccell-line in low serum 17 December 2004 WO 03/012449 PCT/EP02/08054 2 and
serum-free media, Hybridoma 9, 67-175). Therefore, simply staining the
displayed  antibody with a detection antibody has not proven effective for
isolating highly productive  clones. Two fundamentally different approaches
have been chosen to overcome this  problem and to directly select for high
producer cells of secreted antibodies. 5 In a the first method, single
cells and concomittant secreted antibody are encapsulated in  gel droplets.
The entire droplet is then subjected to labelling and is sorted by means of
FC.  This approach suffers from the disadvantage that it is user
unfriendly, that in order to  ensure single cell occupancy of gel droplets,
only about 5% of the gel droplets created 10 comprise a cell whilst about
95% of the gel particles analyzed are devoid of cells. In  addition,
encapsulation/decapsulation can reduce the viability of some cell types
commonly used for expression of recombinant protein, most notably meyeloma
NSO cells. In the second approach, secreted antibodies are retained by
artificially created affinity sites  15 or receptors on the cell surface in
order to assess the amount of secreted antibodies subsequently by FC.
Holmes et al. (J. of Immunol. methods, 230 (1999), 141-147) describe  an
assay involving the biotinylation of plasma membrane proteins at room
temperature.  The biotin promotes further binding first of avidin and
secondly of a biotinylated capture  antibody. The capture antibody
recognizes the secreted antibody from a NSO cell line and 20 anchors it to
the cell surface. Fluorescent detection and cell sorting of low abundance
high  producer cell clones by FC is then achieved by incubating the cells
with the captured  



secreted antibody with a third, fluorecently labelled detection antibody.
Addition of a  viscosity agent such as gelatine to the incubation media
prevents cross-talk between  individual clones (i.e. diffusion and binding
of secreted antibody from producer cells to 25 non- or low producer cells).
The main disadvantage of the published method is that it provide relatively
low sensitivity  as to discriminate for high and low level producer cells
and to allow for precise sorting of  low abundance high producer cells.
Using the published method, it was not possible to 30 detect the binding of
a secreted chimeric antibody from a given cell line to the cell surface
via a capture antibody. Furthermore, the capture antibody necessarily stems
from  mammalian cell culture, which may include fetal serum, and will often
be stabilized with  bovine serum albumin as a commercial antibody
preparation. Use of capture antibody 17 December 2004 therefore entails the
risk of viral or BSE contaminations of the clonal cell cultures. SUMMARY OF
THE INVENTION It is the object of the present invention to devise another
method to efficiently detect and  select suitable antibody expressing
single cells from a pool of cell clones. This object is  achieved by the
method according to independent claim 1. Accordingly, in a first aspect of
the present invention, there is provided a method of  selecting cells
secreting a first antibody, comprising the steps of a) linking avidin to a
cell surface of a cell b) incubating the cell with a biotinylated
polypeptide comprising at least one functional  antibody binding domain of
protein A, protein G, protein L or functional variants  thereof c)
incubating the cell with a second antibody or antigen that is fluorescently
labelled and  that recognizes and binds an epitope on the first antibody d)
selecting fluorescently labelled cells that have bound an amount of second
antibody,  preferably by means of fluorescent analysis flow cytometry. In a
second aspect of the present invention, there is provided a method of
selecting cells  secreting a first antibody, comprising the steps of 1)
linking avidin to a cell surface of a cell wherein the avidin is conjugated
to a  polypeptide comprising at least one functional antibody binding
domain, preferably  from protein G or from protein A 2) incubating the cell
with a second antibody or antigen that is fluorescently labelled and  that
recognizes and binds an epitope on the first antibody 



3) Selecting fluorescently labelled cells that have bound an amount of
second antibody,  preferably by means of fluorescent analysis flow
cytometry. DETAILED DESCRIPTION OF THE INVENTION Possible embodiments of
the invention are shown in the figures. It is shown in Fig.1 a: schematic
drawing of the capture and detection principle for assaying for  secreted
antibody and b: comparison of binding capacity for capture antibody  and
Protein A Fig. 2 Fluorescent cytometry (FC) analysis of samples from
secretion assay of the  invention 3 17 December 2004 Fig. 3 Flurorescent
cytometry (FC) analysis of samples from secretion assay  comparing effect
of protein A to anti-human IgG antibody for capture of  secreted antibody.
The method according to the present invention for selecting cells secreting
a first  antibody comprises the steps of a) linking an avidin to a cell
surface of a cell b) incubating the cell with a biotinylated polypeptide
comprising at least one  functional antibody binding domain from protein G
or from protein A c) incubating the cell with a second antibody that is
fluorescently labelled and  that recognizes and binds an epitope on the
first antibody and rinsing off  unbound second antibody after incubation d)
selecting fluorescently labelled cells that have bound an amount of second
antibody, preferably and expediently by means of fluorescent analysis flow
cytometry (FC). FC allows concomittant sorting of fluorescently labeled
cells. The producer cell secreting the antibody may be any cell employed
for secreting  antibodies such as e. g. hybridoma, myeloma or CHO cells.
More preferably, the  producer cell is a myeloma cell line, most
preferably, it is an NSO cell line. Consequently, the antibody may be any
naturally occuring or engineered antibody or  antibody fragment such as
chimeric or monovalent or bispecific antibodies, including the  more
recently known single heavy chain antibodies of camels and llamas (Trends 1
7 December 2004 WO 03/012449 PCT/EP02/08054 



4 Biochem. Scien. (2001), 26, 230). Preferably, such antibodies according
to the present  invention always comprise binding sites for high affinity
binding of bacterial protein G or  protein A as comprised in the naturally
occuring Fe portion of Immunoglobulin (Ig) of  various classes (IgG, IgA,
IgE, IgM). Preferably, the antibody according to the present 5 invention
comprises an Fe portion of an IgG. Most preferably, the antibody according
to  the present invention is an IgG or comprises at least one heavy chain
of IgG. The avidin according to the present invention is conventional avian
avidin (approx. 67 kD)  or any other functional i.e. biotin-binding
homologue thereof such as e.g. Streptavidin (60 10 kD) from Streptomyces
species or any chemically or genetically engineered variant of such
naturally occuring avidins. An example for such engineered variant is
Neutravidin (Pierce,  Rockford/IL) which is deglycosylated avidine devoid
of carbohydrate, having an pI  between 6-7 and being further engineered as
not to comprise the tripeptide RYD domain  comprised in Streptavidin that
may mediate non-specific binding to cell surface receptors. 15 Preferably,
the avidin according to the present invention is avian avidin,
deglycosylated  avian avidine or is a neutravidine. Most preferably, the
avidine according to the present  invention is a neutravidine. Such
neutravidine shows maximum capacity for biotin binding  which capacity is
approximately in the range of 14 g biotin/mg of protein. 20 The avidin can
be linked to the cell surface e.g. by crosslinking. Conventional
bifunctional  crosslinking reagents well-known in the art can be employed
which comprise reactive  groups such as oxiranes, aldehydes, succine imides
or photo reactive compounds such as
N-[N-4-azido-tretrafluorobenzoyl)biocytinyloxy]succinimide, SAND
(sulfosuccinimidyl 2
[m-azido-o-nitrobenzamido]-ethyl-1,3-dithiopropionate). It goes without
saying that the  25 crosslinking does occur either with, reactive groups of
lipids (e.g. hydroxyfunction of phoshatidylserine) or, more likely, with
the reactive groups displayed on the surface of  membrane proteins. In a
prefered embodiment, the avidin is attached non-covalently onto the cell
surface after  30 having linked a biotin moiety covalenty, by means of a
monofunctional crosslinking reagent carrying a biotin label, to the cell
surface. The avidin recognizes and binds to the  biotin moiety on the cell
surface. More preferably, such biotinylation is carried out at a
temperature below 10C, most preferably at about 4C or below. At this
temperature, 17 December 2004 WO 03/012449 PCT/EP02/08054 



5 efficiency of biotinylation increases with time. Expediently, the
reaction time for  biotinylation of the cell surface is in the range of
30-60 min.. If avidin is to be captured to the cell surface by means of a
biotin label on the cell surface,  5 it is further prefered that the cells
are incubated in a solution comprising at least 50 g/ml avidin, more
preferably at least 100 g/ml avidin, the term 'avidin' refering to the
avidin  according to the present invention. Avidin molecules usually have
about 4 binding sites for  biotin. If a biotin label is employed for
coating the cell surface and avidin is subsequently  incubated in excess of
the covalently linked biotin label on the cell surface, one biotin label
10 will bind to one avidin molecule leaving open about 3 further binding
sites for biotin labels. Further prefered is that the biotin moiety that is
covalently linked to the cell surface and  which functions to anchor avidin
non-covalently to the cell surface is linked to the cell 15 surface by
means of a spacer moiety, e.g. a linear alkyl chain, which extends for at
least 10  A, more preferably at least 20 A, most preferably at least 30 A.
In the next step of the method according to the present invention, a
biotinylated polyp eptide encompassing at least one antibody binding domain
is incubated with the 20 avidin labelled cells and becomes bound to the
avidin that is now linked to the cell surface.  The antibody binding domain
according to the present invention is not derived from the the
antigen-binding or complementarity determining portion of an
immunoglobuline or  immunoglobuline fragment. It is a
non-immunoglobuline-derived antibody binding  polypeptide. The polypeptide
may be e.g. protein A (Surolia, A. et al., 1982, Protein A: 25 Nature's
universal ,antibody`, TIBS 7, 74-76; Langone, 3., 1982, Protein A of
staphylococcus aureus and related immunoglobulin receptors, Adv. in
Immunology, 32:  p.156-241.), protein G or protein L. Protein L is from
Peptostreptococcus species and has  the unique ability to bind through
kappy light chain interactions without interfering with an  antibody's
antigen-binding site (Kastem, W. et al., 1992, Structure of protein L and
30 identification of a repeated immunoglobulin light-chain binding domain,
3. Biol. chem.  267, 12820-12825), thus binding to all classes of Ig as
well as to single chain variable  fragments (ScFv) and Fab fragments. 17
December 2004 WO 03/012449 PCT/EP02/08054 6 



According to the present invention, the use of such antibody-binding domain
comprising  polypeptide leads to enhanced sensitivity in a secretion assay
according to the present  invention, allowing to sufficiently discriminate
high producer cell clones from low or non- producers. The secretion assay
according to the present invention also allows for easy and 5 fast
assessment of cell line stability. Assessment of cell line stability during
a cell line  development process traditionally required analytical cloning
of at least 200-300 clones,  which can take between 6 to 7 weeks. In
conjunction with flow cytometry, the assay which  is the subject of this
application is sensitive enough to resolve and quantify low or non-
producing sub populations of thousands of cells, and thereby give
information on cell line  10 stability in only 5 hours. Preferably the
antibody binding domain is from protein A or protein G. Protein A of
Staphylococcus species and protein G of Streptococcus species are
well-known protein  agents that specifically bind to the Fe portion of
antibodies (Boyle, M. , Bacterial 15 Immunoglobulin-Binding proteins,
Academic Press, Sand Diego 1990). They have found  widespread application
in biotechnology for affinity purification of IgG of almost any  animal
species or subclass. Staphylococcal protein A binds to a similiar site on
the Fc  fragment of IgG as does streptococcal protein G, involving in both
cases e.g. in human.  IgG-Fc residues 252-254, 433-435 and 311, as shown in
Deisenhofer et al. (1981, 20 Biochemistry 20; 2361-2370) and in
Sauer-Eriksson et al. (1995, Structure 3, 265-278). Furthermore, WO 0017428
describes an isolated antibody binding B1 domain polypeptide  of bacterial
protein G which binds a Fab fragment of an IgG but substantially does not
bind  an Fe fragment of an lgG. The use of this BI domain is another
prefered embodiment of 25 the present invention. In general, antibody
domains according to the present invention may be used as isolated  domains
or as fusion proteins with other polypeptide moieties. It is also possible
to fuse  several antibody binding domains of e.g. proteins A, G, L, or of
still functional variants 30 thereof that have been artificially engineered
by amino acid substitution, deletion or  insertion. It is also possible to
employ variants of e.g. proteins A, G, L, etc., respectively,  that carry
deletions or are truncated. 17 December 2004 WO 03/012449 PCT/EP02/08054 7
Preferably, the polypeptide comprises no or only 1-2 sites of
glycosylation, more  



preferably it lacks any carbohydrate. Preferably, a polypeptide comprising
at least four antibody binding sites, most preferably  5 intact protein A
of about 42 kD molecular weight is employed in the present invention. Such
intact protein A has 4-5 high affinity binding sites for the Fc portions of
IgG. In  conjunction with the multivalency of avidin for biotin moieties,
this leads to considerable  amplification of the amount of secreted
antibody bound and thus to signal amplification. 1o Biotinylation of the
polypeptide maybe achieved by any of the methods described above  for
biotinylation of the cell surface. In addition, it is also and conveniently
possible to  conjugate a biotin moiety to tyramine, whose covalent linking
to the polypeptide is  catalyzed by oxygen free radicals generated by
hydrogen peroxidase in the presence of  hydrogen peroxide. 15 It is also
possible, and this being a further object of the present invention, to
employ  directly an polypeptide-avidine conjugate which polypeptide carries
at least one antibody  binding domain of protein A or protein G.
Crosslinking of polypeptide and protein  moieties, respectively, is
well-known in the biochemical arts and may be achieved with a 20 multitude
of reagents (Fasold et al., bifunctional reagents for the crosslinking of
proteins,  Angew. Chem. Int. Ed. Engl. (1971), 10: 795-801). For instance,
coupling to amino groups  of the amino acid lysines by means of
N-hydroxysuccinimide (NHS) esters is well-known  in the art. Prefered
embodiments and definitions of the present invention apply likewise to
this object. 25 Preferably, the biotin moiety is linked to the polypeptide
by means of a spacer moiety,  which spacer arm has a length of at least 15
A, more preferably of at least 22 A, most  preferably of at least 30 A.
Suitable spacer arms can be e.g. linear alkyl moieties. Such  extended
spacer arms reduce steric hindrance when binding several biotinylated
molecules  30 to one avidin complex. Further prefered is that the antibody
binding domain comprising polypeptide according to  the present invention
carries at least 3 biotin moieties covalently linked to the polypeptide 17
December 2004 WO 03/012449 PCT/EP02/08054 8 or protein, more preferably at
least 6 biotin moities and most preferably 6-10 biotin  



molecules per polypeptide or protein, respectively. The extend of
biotinylation of the  polypeptide is easily governed by the number of
reactive groups in the polypeptide (e.g.  amino groups of lysine,
sulhydrylgroups of cysteine) and the proportion of biotinylation 5 reagent
to polypeptide upon biotinylation. . The second, detection antibody
according to the present invention maybe any  conventional, fluorescently
labelled antibody or antibody fragment that specifically binds  to the
secreted first antibody whose expression by a cell clone is to be monitored
by the 10 method of the present invention. In the scope of the present
invention, `detection antibody'  shall also be construed as to comprise any
suitable combination of a first and second  detection antibody, only the
latter being fluorescently labelled, as is conventionally  employed in
related techniques such as e.g. Elisa techniques. Equally, a fluorescently
labelled antigen recognized by the first, secreted antibody, may be
employed for detection. 15 Expediently, in between steps b and c of the
present invention, a short intervening  incubation period in cell culture
medium allows to saturate artifically created antibody  binding sites on
the cell surface with secreted antibody. Preferably, during or at latest
after incubation of the cells with the biotinylated polypeptide  20
according to the method of the present invention, the cells are cultured in
a medium comprising a viscosity increasing agent. This measure prevents
cross-feeding between cells  by artificially elevating the viscosity of the
medium. Such agent can be e.g. methyl  cellulose, PEG, starch,
polysaccharides from algae, bacteria or plants, or gelatine. In a  prefered
embodiment, gelatine in a concentration of at least 10% (w/w) is employed.
25 In a further, particularly preferred further embodiment, during or at
latest after incubation  of the cells with the biotinylated polypeptide and
prior to staining the cells with the  fluorescently labelled antibody or
antigen according to the method of the present invention,  the cells are
cultured in a medium comprising non-biotinylated protein A, or another non
30 capture, competing antibody binding domain comprising polypeptide
according to the  present invention, in a concentration of at least 0.5
g/mL, more preferably in a  concentration of at least 4 g/mL, most
preferably in a concentration of at least 8 g/mL.  Expediently, such
non-capture, competing protein A or the like is used in combination with 17
December 2004 WO 03/012449 PCT/EP02/08054 9 



a viscosity increasing agent as described above, in order to prevents
cross-feeding between  cells. Preferably, prior to staining the cells with
the fluorescently labelled antibody or antigen  5 according to the method
of the present invention and after having allowed secreted antibody to bind
to the biotinylated polypeptide that was immobilized on the cell surface, a
third, blocking antibody is added to the cells, e.g. in a concentration of
at least 0.5 to 5  mg/ml. Such third blocking antibody is able to bind to
the remaining antibody binding sites  of the biotinylated polypeptide but
is not recognized and bound, respectively, by the 10 second fluorescently
labelled antigen or antibody employed for detection. This measure  further
contributes to eliminate late cross-feeding between clones and thus to
improve  sensitivity of and discrimination by the assay of the present
invention. It goes without  saying that such measure can be combined in any
way with the other proposed measures,  e.g. the viscosity increasing agent
and/or the competing non-biotinylated protein A and the 15 like, in order
to synergistically enhance discrimination and thus sensitivity of the
assay. 17 December 2004 WO 03/012449 10 Examples PCT/EP02/08054 In all
experiments, cells were taken from exponential growth phase of batch
culture with  viability being greater than 95% as assayed by standard
dyed-cell counting techniques. 5 1. Comparative experiment Cell line
6A1(100)3 (obtained from Lonza Biologics) derived from NSO myeloma cell
line  was used. It is a GS-transfectant cell line (Bebbington, C. et al.,
1992, High-level 10 expression of a recombinant antibody from myeloma cells
using a glutamine synthetase  (GS) gene as an amplifiable selectable
marker, Bio/Technology 10:169-175) that is  secreting human chimeric IgG
antibody cB72.3 specific to the the breast tumour antigen  TAG73. The cells
were treated exactly as described in the publication Holmes et al.(ibd.).
The result was disappointing, with no reproducible, significant difference
in fluorescence 15 between the secreting cells and an untreated negative
control cell line (NSO cell line  ECACC No. 85110503) being observable. The
experiment was repeated with a non- producing GS transfected myeloma cell
line and with human IgG added externally to the  cells, and again, there
was no appreciable difference in mean fluorescence. 



20 2. Secretion assay 2.1 Capture of secreted antibody The principle of
capture and detection of secreted antibody is schematically depicted in  25
Fig. 1. The cell line 6A1(100)3 secreting chimeric antibody cB72.3 was
again chosen as an experimental model. The secretion matrix was constructed
as follows. 107 6A1(100)3 cells  were washed in 25 mL of pH8 PBS and
re-suspended in I mL of I mg/mL NHS-LC-biotin  (catalogue no. 21336,
succinimidyl-6-(biotinamido) hexanoate; Pierce, Rockford,  IL/U.S.A.) in
physiological, standard PBS (pH8). Following 40 minutes incubation at 4C,
30 the cells were washed twice in PBS (pH7), and re-suspended in 1 mL of
PBS (pH7). 128  L of a 1 mg/mL neutravidin(tm) (Pierce, UK) solution was
added, and the cells incubated at  room temperature for 15 minutes followed
by a further wash with 50 mL of PBS (p117).  Following re-suspension in 1
mL of pH 7 PBS, non-biotinylated protein A was added to a 17 December 2004
WO 03/012449 PCT/EP02/08054 11 final concentration of 1 g/mL: the mixture
was incubated at room temperature for 5  minutes. Next, 52 L of a 1 mg/mL
biotinylated Protein A (Pierce, Rockford, IL/U.S.A.;  carries 6-10 biotin
labels per protein) solution was added and incubated for a further 15
minutes at room temperature. The concentration of biotinylated Protein A
applied for 5 incubation was not yet saturating. Independent experiments
confirmed that even at a  concentration of 120 g/ml biotinylated Protein A,
binding was not approaching saturation  (data not shown). Samples to be
used as positive control were then dosed with the appropriate volume of  1o
purified cB72.3 IgG to give a concentration of 6.6 g/mL. Samples to be used
as negative control consisted of cells being devoid of a
biotin/avidin/capture protein A affinity matrix. These samples were
processed as all other  samples starting with incubation in the secretion
medium. 15 All samples that were to be used in the full secretion assay
were exposed to the following  procedure: Cells were resuspended in 10 mL
of secretion medium ( cell culture medium as  described in Holmes, P. et
al., Improved cell line development by a high throughput affinity capture
surface display technique to select for high secretors, J. of Immunological
20 methods, 230 (1999), 141-147 for culture ofNSO 6A1(100)-3 cell line
enriched with 10%  



gelatine). This medium also contained 8 g/mL of non-biotinylated protein A
(Sigma, UK)  in order to capture antibody that diffuses away from producer
cells and thereby prevent it  from binding to non-producer cells. The cells
were incubated in the secretion medium for  15 minutes at 4 C. 25 2.2
Fluorescence Labelling Bound secreted antibody was detected using mouse
anti-human kappa light chain FITC  30 conjugate (Sigma, UK) at a final
dilution of 1/500. Cells treated as described under 2.1 were washed once in
25 ml PBS (pH 7) and 320 l of  a 1 mg/ml murine IgG blocking antibody
(Sigma, UK) was added and mixed with the cell  pellet and incubated for 5
minutes. The cells were then washed for the second time with 25 17 December
2004 WO 03/012449 PCT/EP02/08054 12 mL of PBS (pH7) and resuspended in 1 ml
of PBS. 5L of mouse anti-human Kappa light  chain FITC detection antibody
(Sigma, UK) was added, and the cells incubated for 15  minutes. Following a
further wash in 25 ml PBS, the cells were resuspended in 1 mL PBS  for
analysis by flow cytometry. 5 2.3 Flow cytometry After staining as
described in the previous section, cells were analysed using a Coulter
Epics Elite flow Flow Cytometer with 488 ran and 515 nm excitation and
detection 10 wavelengths respectively. Log side scatter vs. forward scatter
was used to identify the  viable population which was gated and the level
of fluorescence (and therefore the amount  of bound antibody) was measured
for this population. Distributions for (A) negative  control (i.e. without
affinity matrix), (B) cells with secreted antibody captured by the
affinity matrix and (C) positive control cells incubated with externally
added, purified IgG 15 captured by the affinity matrix are all shown in
Fig. 2 as cell count vs. fluorescence  intensity. Secreting cells B
exhibited a mean fluroescence of 19.3 which was a 50-fold  increase in mean
fluorescence as compared to the negative control A. The positive control
C. showed a mean of 59.5 and thus a 125-fold increase over the negative
control. Numeric  values of mean fluorescence according to Fig. 2 are given
in table 1 20 



Table 1 SampleMean fluorescence [arbitrary units] A: negative control0.4 B:
secreting cells19.3 C: positive control (+ exogenous IgG)59.5 25 3.
Comparative Example The effectiveness of biotinylated capture antibody
binding of secreted antibody at the cell  surface was compared with that of
biotinylated protein A. In the comparative experiment,  the secretion assay
was performed exactly as described in section 2 with the exception that 17
December 2004 WO 03/012449 13 PCT/EP02/08054 PBS devoid of any viscosity
increasing agent was used for incubation instead of secretion  medium for
all samples. Apart from standard negative control (A), positive control (C)
and  cB72.3 secreting cells (D) as described in the previous sections, one
additional sample (B)  was prepared by substituing biotinylated protein A
with a biotinylated mouse anti-human 5 IgG Fc-specfic capture antibody (
Sigma, UK) which was immobilised on the cell surface  by incubation at 50
g/ml for 15 minutes, this concentration being close to saturation and
being comparable to the amount of protein A used in the previous
experiments. Sample (B)  was subsequently incubated with exogenously added
human IgG and further processed as  has been described for the positive
control above. Distributions for all samples are shown 10 in Fig. 3 as cell
count vs. fluorescence intensity after flow cytometry fluorescence
analysis,  as was used in Fig. 2 (Fig. 3: A: negative control, B: capture
antibody, C: positive control,  protein A, D: secreted cB72.3, protein A).
Numeric mean fluorescence values according to  the distributions given in
Fig. 3 are listed in table 2. The use of capture antibody with  human IgG
model product (sample B) gave a 5-fold increase in mean flurorescence as 15
compared to the negative control cells. However, when protein A was used
(sample C),  there was an 80-fold increase in mean fluorescence, thus
demonstrating that protein A was  more effective than capture antibody.
Protein A was also highly effective when the  technique was used to capture
and detect secreted cB72.3, with an approximately 55-fold  increase in mean
fluorescence as compared to the negative control. 20 Samples prepared
exactly as described in Holmes et al. (ibd.) showed no increase over the  



negative control (data not shown). Table 2 25 Sample.mean fluorescence
[arbitrary units] A: Negative control0.6 B: Capture Antibody + exogenous
IgG2.8 C: Capture protein A + exogenous IgG46.3 D: Capture protein A +
secreted cB72.332.9 Comparing the data of experiments B vs. C,D, it is
clear that substitution of capture  antibody by protein A gives drastic
improvements in sensitivity of detection and capacity 17 December 2004 WO
03/012449 PCT/EP02/08054 14 of binding, respectively. Theoretically,
protein A should have an excess of two binding  sites (total: 4) as
compared to capture antibody, and thus might allow to double the  amount of
secreted antibody bound (theoretical 2-fold intensity enhancement). This
expectation would have constituted a theoretical maximum, since a high
affinity binding 5 antibody can exceed the binding affinity of protein A by
about one order. In contrast, the  actually observed intensity enhancement
by protein A vs. capture antibody of about 15-20- fold largely exceeds the
theoretically predicted value, surprisingly and for unknown  reason. 1o
Fig. 1 b shows comparison of binding capacity for capture antibody binding
Fe portion of  exogenously added IgG vs. protein A binding such exogenous
IgG. Samples were  essentially prepared as described in present parts of
this section, except that both the  amount of capture antibody and protein
A, respectively, used for incubation was doubled  in order to ensure
saturating binding. Purified IgG was added to defined volume of cell 15
pellet, in order to ensure precisely predetermined concentration of
exogenous IgG during  incubation. 17 December 2004 15 Claims 1. Method of
selecting cells secreting a first antibody, comprising the steps of  a)
linking avidin to a cell surface of a cell 



5 b) incubating the cell with a biotinylated polypeptide comprising at
least one  functional antibody binding domain of protein A, protein G,
protein L or  functional variants thereof c) incubating the cell with a
second antibody or antigen that is fluorescently labelled  and that
recognizes and binds an epitope on the first antibody 10 d) selecting
fluorescently labelled cells that have bound an amount of second  antibody,
preferably by means of fluorescent analysis flow cytometry. 2. Method of
claim 1, characterized in that the biotinylated polypeptide is a protein G
or  a protein A. 15 3. Method of claim 1, characterized in that the avidin
is bound to the cell surface after  covalent biotinylation of the cell
surface has been carried out, preferably after  biotinylation has been
carried out at a temperature of less than 10C. 20 4. Method of claim 1,
characterized in that during or at latest after incubation with the
biotinylated polypeptide, the cells are cultured in a medium comprising a
viscosity  increasing agent. 5. Method of selecting cells secreting a first
antibody, comprising the steps of 25 1) linking avidin to a cell surface of
a cell wherein the avidin is conjugated to a  polypeptide comprising at
least one functional antibody binding domain,  preferably from protein G or
from protein A 2) incubating the cell with a second antibody or antigen
that is fluorescently labelled  and that recognizes and binds an epitope on
the first antibody 30 3) Selecting fluorescently labelled cells that have
bound an amount of second  antibody, preferably by means of fluorescent
analysis flow cytometry. 


