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The present invention relates to a novel process for the identification of
IgG-producing cells  from non-IgG-producing cells by discriminating
fluorescently labelled encapsulated IgG- producing and non-IgG producing
cells using flow cytometry. Immunoglobulin G (IgG) is increasingly used for
diagnostic and therapeutic purposes in  human medicine (Scheinberg, D. A.
and Chapman, P. B., in Birch, J. R. and Lennox, E. S.,  eds., 1995, Wiley,
45-105). Identification methods which uses encapsulation of cells in order
to allow for discriminating  of IgG-producing cells from non-IgGproducing
cells are well known (Gray, F. et al, 1995, J.  Imm. Meth., 182,155-163;
Kenney, J. S. et al., 1995, Bio/Tech 13, 787-790) and are as well
commercially available e. g. from One Cell Systems Inc. (Cambridge, MA).
However, the  methods described have some disadvantages in that they do not
give sufficient resolution for  the identification of high producing cell
lines. The object of the present invention is to provide an improved
process which has a greater  resolution which allows to identify high
levels of high producing cell lines. This object has been achieved with a
novel process and a biotinylated agarose matrix  according to the aspects
of the present invention. According to an aspect of the present invention,
there is provided a process for the  identification of IgG-producing cells
from non-IgG-producing cells whereby  a) the IgG-producing cells and the
non-IgG producing cells are encapsulated in a matrix  which contains a
capture reagent for the IgG produced; b) said matrix is incubated for a
period of time during which IgG can be produced;  c) said produced IgG is
fluorescently labelled; and d) and fluorescently labelled encapsulated
IgG-producing cells and non-IgG-producing cells  are discriminated using
fiow-cytometry;  characterised in that the capture reagent is Protein A
and/or Protein G. 1-5 JUN 2004 la According to another aspect of the
present invention, there is provided a biotinylated agarose  matrix
containing biotinylated Protein A and for Protein G as capture reagent for
IgG  whereby the biotinylated Protein A and /or Protein G is bound by an
avidin linker to the  matrix. Figure 1 shows schematic for the capture of
IgG produced by an encapsulated cell. 



1.5 JUN 2004  WO OI/57527  2 PCT/EPOI/01100 Figure 2 shows capture of IgG
by using Protein A in comparison to antibody as capture  reagent 5 Figure 3
shows working concentrations of Protein A Figure 4 shows comparison
percentage of GS-NSO non-producers in a culture with  percentage estimated
by flow cytometry 10 Cells  Depending on the efficiency of expression and
secretion of IgG, the cells employed in the  present invention are defined
as IgG-producing cells or non-IgG producing cells. Non-IgG  producing cells
might express and secrete low amounts of IgG up to about 0.1 to 0.2 p.g/ml
or 15 might express and secrete no IgG at all. IgG-producing cells might
express and secrete IgG at  levels above 0.2 jig/ml . Preferred cells which
can be discriminated into IgG-producing cells  and non-IgG-producing cells
are mammalian cells. Every mammalian cell can be used for the present
invention. Examples for mammalian cells  which can be used are
plastocytoma, myeloma, hybridoma, Chinese Hamster Ovary (CHO),  20
fibrosarcoma or lymphoblastoid cells of murine or human origin. Preferred
mammalian cells used in the present invention are murine myeloma cells.
Examples for murine myeloma cells  are NSO and NSO transfected with
Glutamine-Synthetase (GS -NS 0). Particular useful are GS- NSO. 25 IgG IgG
which can be produced by the cells used in the present invention might be
human, swine,  guinea pig, bovine, goat, sheep, monkey, horse, mouse, rat
or hamster IgG. Humanised and  chimeric IgG might be produced as well.
Preferably, human IgG is produced. Furthermore the cells might as well
produce fragments of IgG, like Fc-, Fab-, (Fab),  30 fragments. WO 01/57527
3  Encapsulation 1.5 JUN 2004  PCT/EPO1/01100 Encapsulation of the
IgG-producing cells and non-IgG producing cells can be performed by  using
e.g. standard methods as described in WO 82/02561 or according to protocols
provided  



by One Cell Systems Inc. 5 Usually the cells are added to a liquefied gel
containing the encapsulation matrix like the  CelBioGel TM encapsulation
matrix commercialized by One Cell Systems Inc.. The  encapsulation matrix
usually consists of agarose. The matrix might be biotinylated. Particular
preferred are biotinylated agarose matrices. The preferred number of cells
which will be added to the liquefied gel is between 105 and 108  10
cellsIml, particular between 5x105 and 10' cells/ml. The cells in the
liquefied encapsulation matrix can be further processed to generate gel
microdroplets (GMD) containing at least one cell per GMD by using an
emulsion matrix  which usually consists of oil, preferably of mineral oil,
like the Ce1MixTM emulsion matrix and 15 a microdrop maker like the CellSys
I01TM microdrop maker. Ce1MixTM emulsion matrix and  CellSys 101TM
microdrop maker are commercialized by One Cell Systems Inc.. The capture
reagent Protein A and/or Protein G can be bound to the matrix before or
after  GMDs have been generated. Preferably, Protein A and/or Protein G is
bound after GMDs 20 have been generated. Binding occurs usually by first
incubating the matrix with a linker  followed by incubation with Protein A
and/or Protein G. In case the matrix is biotinylated, a  preferred linker
is an avidin, like streptavidin. Particularly used is streptavidin. Protein
A and/or Protein G might be biotinylated in order to be capable to bind to
the linker in  case the linker is avidin. Preferably, biotinylated Protein
A and/or Protein G is used, in 25 particular biotinylated Protein A is
used. The usual amount of Protein A and/or Protein G  added to the matrix
or to the GMDs is between 0.001 and 5 mg/ml, preferably between 0.01  and
0.1 mg/ml. Incubation for IgG production 30 The incubation period during
which IgG can be produced depends on the specific IgG- productivity of the
the cell as well as on the kind of cell used. In case a murine myloma cell
is  used the period of time is usually between I and 15 minutes, in
particular between 3 and 12 minutes . WO 01/57527 4 15 JUN 2004   PCr/EP01
/01100 The incubation temperature depends' as well on the specific
IgG-productivity of the cell as  well as on the kind of cell used. In case
a murine myloma cell is used the incubation is carried  



out at a temperature of between 2 C and 15 C, preferably between 2C and 8
C. Usually a control IgG is added during incubation in order to validate
the binding of the  5 capture reagent. Labelling and selection by flow
cytometry  As a fluorescent label anything which can recognize the product
IgG and which is  conjugated to a fluorescent compound can be used.
Usually, antibodies which are conjugated  10 to fluorescent compound and
which are specific for the product IgG or antigens which are conjugated to
fluorescent compound and which are specific for the product IgG can be
used.  Preferably, antibodies which are conjugated to fluorescent compound
and which are specific  for the product IgG are used. Antibodies specific
for the product IgG may be  Immunoglobulins  selected from the
Iminunoglobulin  classes A, D, E, G or M and should be 15 derived from a
host cell not related to the cell which express and secrete product IgG.
Preferably, the antibody specific for the produced IgG is as well an IgG.
In case the cell which  express and secrete product IgG is a murine  cell,
the labelling antibody might be e.g. an IgG  derived from goat. 20 Examples
for fluorescent compounds are Phycoerythrin , Fluoresceinisothiocyanate,
Texas  Red, Rhodamin e or Cyanine dyes. As a preferred fluorescent label an
IgG which is  conjugated to phycoerythrin and which is specific for the
product IgG is used. IgGs which  contain a fluorescent compound and which
are specific for the product IgG are commercially  available. 25 In case
antibodies specific for the product IgG are used as label, preferably a
blocker is added  to the encapsulated cells before labelling in order to
prevent additional secreted product from  binding as well as to reduce non
specific binding. As a preferred blocker serum, particularly  foetal calf
serum, or a solution of skimmed milk (e.g. Marvel) is used. 30 The usual
flow cytometry conditions in order to discriminate IgG-producing cells from
non- IgG-producing cells are chosen according to the protocol provided by
One Cell Systems Inc..  Usually empty GMDs and GMDs which contain at least
one cell are detected by scatter  characteristics displayed on a plot of
linear forward scatter (FSc) and log side scatter (SSc). A IS JUN 2004
negative control (no capture reagent) is run first and the FSc and SSc are
adjusted until the  occupied population appears in approximately the centre
of the FSc/SSc plot. The threshold  discriminator is adjusted to reduce the
appearane of the empty GMDs. The singly occupied  sub-population is gated
and analysed for fluoresence using a log setting on the detection PMT 



5 (photomultiplier tube) appropriate to the fluorochrome . The fluorescence
detection PMT is  adjusted so that the population lies in the first log
decade of the fluoresence histogram.  Positive and test samples are then
run, generally 10,000 events are collected per sample.  Discrimination by
flow cytometry can occur analytically or preperatively. Optionally, GMD
might be stained before flow cytometry in order to select for viable cells
by exposing the cells 10 to a staining compound like propidium iodide. WO
01/57527 5 PCT/EPO1/01100 15 Detection limits for IgG producing cells in a
population of IgG-producing cells and non-IgG- producing cells usually
obtained are between 95 and 99.99 %, preferably between 99 and 99.5  % of
the total cell number. A further subject of the present invention is a
biotinylated agarose matrix containing  biotinylated Protein A and /or
Protein G as capture reagent for IgG whereby the biotinylated  Protein A
and for Protein G is bound by an avidin linker to the matrix. Preferably,
the matrix  contains Protein A as capture reagent for IgG and the avidin
linker is streptavidin. 20 WO 01/57527 Examples: 6 1.5 JUN 2004
PCT/EPO1101100 Example I Preparation of cells and matrix 5 15 ml of
CelMixTM 200cs emulsion matrix were equilibrated in a sterile glass
scintillation vial  to 37C. 106 viable GS-NSO cells were harvested by
centrifuging at 200 x g for 10 min. The  cells were resuspended in 100 l
phosphate buffered saline (PBS). 25 l Pluronic acid (sterile  filtered)
were added to 400 gl of liquefied CelBioGe1TM  and the gel was equilibrated
at 37C  for 3 min. The resuspended cells were added to the Ce1BioGeITM
and were mixed slightly and 10 incubated at 37C for 3 min. The CelBioGe1TM
cell mixture were added dropwise in a spiral  pattern (from bottom to top)
to the warmed emulsion matrix oil in the vial using a lml  pipette  tip,
avoiding adding air bubbles. This mixture was emulsified using the  Ce11Sys
101'  



microdrop maker which produced 25 m microdrops by centrifugatung 2100 rpm
for 1 min at  RT, 2100 rpm for 1 min in ice bath and 1100 rpm for 10 min in
ice bath. The encapsulation 15 mixture was splited into two 15m1 conical
tubes and the emulsion was carefully overlayed  with 5 ml PBS. The solution
was spinned for 10 min at 600g, so that the GMD pellet was  visible. The
oil phase was removed with a pipette, the supernatent was aspirated and the
pellets were combined from the two tubes and 2 ml PBS was added. 10 ml PBS
was  aliquoted into a 15 ml conical tube and overlayed  with the GMD's. The
mixture was spinned for 5 min at  20 400 x g (repeat step if necessary).
The supernatent was removed and cells were resuspended in  appropriate
solution. A. Streptavidin Bridge 25 The GMD pellet were resuspended in 2.3
ml cold DMEM medium and a 10 pl  aliquot was  evaluated for % occupancy.
0.3 ml were saved for "unstained" negative control. 80 l of 1  mg/ml
streptavidin were diluted in 2 ml cold L15 cell culture medium
(Biowbittaker) and  added to the 2 ml of GMDs  and incubated on a rotator
at RT for 15 min.  The. mixture was  washed in 10 ml cold PBS (Spinned
twice at 400 x g for 5 min). 30 B. Biotinylated Capture 1gG  Binding The
GMDs was resuspended in 2.3 ml L15 (0.3 ml was saved as "no-capture"
negative  controls). 80 l of 1.0 mg/ml  biotinylated Protein A capture
reagent (Pierce) were diluted in 2 1 5 JUN 2004 WO 01/57527 7  Pcr/EPOI
/01100 ml cold L15. Diluted capture was added to the 2 ml of GMI]s  and the
solution was incubated  on a rotator at RT for 15 min and washed in cold
PBS (spinned twice at 400 x g for 5 min )  and resuspended in 3.3 ml cold
L15 (0.3 ml were saved for positive controls). 5 C. Secretion Incubation of
Encapsulated Cells GMDs were added to 25 ml cold L15 and equilibrated at 4C
in T75 flask and incubated at  4C for 10 min. 6 l of control IgG
(Chromepure human IgG) were diluted in 0.8 ml L15.0.4  nil of the diluted
control IgG were added to each control and this solution was incubated on
10 rotator at RT for 15-30 min. At the end of these incubations all samples
were washed twice in  cold PBS/ 2% foetal bovine serum (FBS). (Spinned at
400 x g for 5 min). The secretion  sample was resuspended in 2 ml and the
controls in 1 ml each cold L15 + 5% FBS. 



D. Staining with Detection Antibody 15 40 tl of 0.5 mg/ml  goat anti human
IgG-Anti-f(ab')z  R Phycoerythrin  (R-PE) detection  antibody were diluted
in 2 ml cold L15 + 5% FBS for the sample and 4 d in 2 ml for the  controls.
40 gl preparation was added to the GMD's and 1 ml from the 4 p.l
preparation was  added to each of the controls. The mixture was rotated for
15 min at RT (in darkness). It was 20 washed 2 x in 10 ml cold PBS/ 2% FBS.
(Spinned   at 400 x g for 5 min) and each sample was  resuspended in 2.0 ml
of PBS for flow c ytometry. E. Flow Cytometry of Encapsulated Cells 25 The
instrument used was a Coulter EPICS ELITE cell sorter equipped with a
488nrn argon ion  laser pre-aligned with Flowcheck fluorospheres. Empty and
occupied GMDs are detected by  scatter characteristics displayed on a plot
of linear forward scatter (FSc) and log side scatter  (SSc). The negative
control (no capture reagent) was run first and the FSc and SSc are
adjusted until the occupied population appears in approximately the centre
of the FSc/SSc 30 plot. The threshold discriminator was adjusted to reduce
the appearance of the empty GMDs.  The singly occupied sub-population was
gated and analysed for fluorescence using a log  setting on the detection
PMT (photomultiplier tube) appropriate to the fluorochrome.  The
fluorescence detection PMT was adjusted so that the population lies in the
first log decade of 1 5 JUN 2004 WO 01157527  PCT/EPO1/01100  8 the
fluorescence histogram. Positive and test samples were then run, generally
10,000 events  are collected per sample. 5 Example 2 Comparison of capture
of product chimeric IgG by using Protein A and antibody as  capture
reagent, respectively Different dilutions of the product chimeric IgG were
exposed to empty GMDs with either  biotinylated Protein A capture reagent
or biotinylated goat anti-human IgG Fe gamma 10 fragment specific antibody
capture reagent. GMDs incorporating Protein A showed much  higher
fluorescence compared to the antibody as capture reagent at all
concentrations of  product (see figure 2). Example 3 15 Determination of
working concentrations of Protein A 



A GS-NSO cell line was used as encapsulated test cells which produce IgG
product. As  negative control encapsulated cells without biotinylated
protein A was used. As a Fc positive  control encapsulated cells producing
IgG were spiked with human  igG. A stock solution of  Img  Protein A per ml
of PBS was used (see figure 3). 20 WO 01157527 Claims: 9 t5 JUN 2004
PCCYEPO1101100 1. A process for the identification of IgG-producing cells
from non-IgG-producing cells  whereby 5 a) the IgG-producing cells and the
non-IgG-producing cells are encapsulated in a matrix  which contains a
capture reagent for the IgG produced , b) said matrix is incubated for a
period of time during which IgG can be produced  c) said produced IgG is
fluorescently labelled d) and fluorescently labelled encapsulated
IgG-producing cells and non-IgG-producing  10 cells are discriminated using
flow- cytometry characterised in that the capture reagent is Protein A
and/or Protein G. 2. A process of claim 1, wherein the non-IgG-producing
cells and the IgG-producing cells  are mammalian cells. 15 3. A process of
claim 2, wherein the mammalian cells are murine myeloma cells.  4. A
process of any of claim 1 to 3, wherein the IgG produced is a human IgG. 20
5. A process of any of claim 1 to 4, wherein Protein A and/or Protein G is
biotinylated. 6. A process of claim 3, wherein the period of time during
which IgG can be produced is  between I and 15 minutes. 25 7. A process of
claim 3, wherein the incubation is carried out at a temperature of between
2C and 15 C. 8. A biotinylated agarose matrix containing biotinylated
Protein A and /or Protein G as  capture reagent for IgG whereby the
biotinylated Protein A and /or Protein G is bound  30 by an avidin linker
to the matrix. 




