(19 DANMARK (10 DK/EP 3304037 T3

(12) Overseettelse af
europaeisk patentskrift

Patent- og
Varemeaerkestyrelsen

(51) Int.CI.: GO1N 15/10 (2006.01) C12M 1/00 (2006.01)
(45) Oversaettelsen bekendtgjort den: 2020-03-02

(80) Dato for Den Europaeiske Patentmyndigheds
bekendtgarelse om meddelelse af patentet: 2019-12-18

(86) Europasisk ansggning nr.: 16728867.9

(86) Europaeisk indleveringsdag: 2016-05-30

(87) Den europeaeiske ansggnings publiceringsdag: 2018-04-11
(86) International ansggning nr.: EP2016062129

(87) Internationalt publikationsnr.: WO2016193200

(30) Prioritet: 2015-06-02 US 201562169735 P

(84) Designerede stater: AL AT BE BG CH CY CZ DE DK EE ES FI FR GB GR HR HU IE IS IT LI LT LU LV
MC MK MT NL NO PL PT RO RS SE Sl SK SM TR

(73) Patenthaver: Baxalta Incorporated, 1200 Lakeside Drive, Bannockburn, IL 60015, USA
Baxalta GmbH, Zihlerweg 4, 6300 Zug, Schweiz

(72) Opfinder: NEURATH, Marianne, Raimund-Kraus-Gasse 18, 2201 Gerasdorf / Vienna, Ostrig
Boehm, Ernst, Muehlweg 94, 1210 Vienna, Dstrig
DOCKAL, Michael, Mariahilferstrasse173-175/2/54, 1150 Vienna, Ostrig
KOEHN, Jadranka, Industriestrasse 8, 88471 Laupheim, Tyskland

(74) Fuldmaegtig i Danmark: Plougmann Vingtoft A/S, Strandvejen 70, 2900 Hellerup, Danmark
(54) Benaevnelse: FREMGANGSMADE TIL OPSAMLING AF CELLEKOLONIER

(56) Fremdragne publikationer:
JEFF JIA CHENG HOU ET AL: "High-throughput ClonePix FL analysis of mAb-expressing clones using the
UCOE expression system"”, NEW BIOTECHNOLOGY, vol. 31, no. 3, 8 February 2014 (2014-02-08), pages 214-
220, XP055295684, NL ISSN: 1871-6784, DOI: 10.1016/j.nbt.2014.02.002
NOBUO YOSHIMOTO ET AL: "An automated system for high-throughput single cell-based breeding”,
SCIENTIFIC REPORTS, vol. 3, 1 February 2013 (2013-02-01), XP055295687, DOI: 10.1038/srep01191



DK/EP 3304037 T3



DK/EP 3304037 T3

DESCRIPTION

FIELD OF THE INVENTION

[0001] The invention relates to a method for picking a colony of cells and producing a cell line
from this colony. The disclosure further provides the cell line thus established, and use of the
cell line in a method for producing a biological molecule of interest.

BACKGROUND

[0002] Single-cell derived production cell lines are desirable for the production of recombinant
proteins, as such cell lines can contribute to product homogeneity and consistency over the
whole cultivation period within a production run. The technical and regulatory need for single
cell-derived cell lines is exemplified in the following documents:

[0003] The ICH guideline Q5D Quality of Biotechnological Products: Derivation and
Characterisation of Cell Substrates Used for Production of Biotechnological/Biological Products
state that, for recombinant products, the cell substrate is the transfected cell containing the
desired sequences, which has been cloned from a single cell progenitor.

[0004] In the FDA Supplement to the Points to Consider in the Production and Testing of New
Drugs and Biologic& Produced by Recombinant DNA Technology: Nucleic Acid
Characterization and Genetic Stability, it is stated that a single host cell containing the
expression construct is cloned to give rise to the master cell bank (MCB).

[0005] The ICH guideline Q5B Quality of Biotechnological Products: Analysis of the Expression
Construct in Cells Used for Production of r-DNA Derived Protein Products convey that the MCB
is generally derived from the selected cell clone containing the expression construct.

[0006] In Lai et al., 2013, Pharmaceuticals 6: 579-603, Advances in Mammalian Cell Line
Development Technologies for Recombinant Protein Production, it is pointed out that, in
addition to being a regulatory requirement, single cell cloning or limiting dilution is technically
necessary in the process because the protein productivity of individual cells in the transfected
and gene amplified cell populations are varied.

[0007] There are several methods and automated systems available to achieve this goal in cell
line development, including limited dilution cloning, cloning by fluorescence activated cell
sorting (FACS), and colony picking from semi-solid medium (e.g. Aviso / ALS, Clonepix /
Molecular Devices, ClonaCell Easypick / Stem Cell/Hamilton).

[0008] Yoshimoto et al., 2013, Scientific Reports 3:1191, describe an automated system for
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high-throughput single cell-based breeding. Hou et al., 2014, New Biotechnology 31(3):214-
220, describe a high-throughput ClonePix FL analysis of monoclonal antibody (mAb)
expressing clones.

[0009] To the extent that colony picking from semi-solid medium is concerned, which the
invention relates to, the above-mentioned and other known methods and technologies share a
major limitation: Using known methods and technologies, it has not been possible to determine
whether a given colony (to be) picked from semi-solid medium is derived from a single cell or
from more than one cell. In other words, it has not been possible to verify whether a given
colony is monoclonal when picking the colony from semi-solid medium following known
protocols.

[0010] In view of the regulatory and technical requirement to use single-cell derived cell lines in
many industrial processes, such as the production of recombinant proteins, and in view of the
limitations of known technologies for development of such cell lines, there is a constant need
for improved technologies to develop single cell-derived cell lines.

SUMMARY OF THE INVENTION

[0011] The present invention relates to the following items:

1. 1. A method for picking a colony of cells, the method comprising

1. (a) providing a suspension comprising cells and semi-solid medium in a sample
container, the sample container having a substantially flat bottom wall,

2. (b) centrifuging the sample container such that, after centrifugation, substantially
all cells are positioned at the bottom wall,

3. (¢) determining and recording the position of one or more cells located within at
least one predetermined region at the bottom wall,

4. (d) incubating the sample container under conditions suitable for the growth of
colonies of cells,

5. (e) determining and recording the area occupied by one or more colonies of cells,
the one or more colonies of cells being located within the at least one
predetermined region at the bottom wall, and

6. (f) selecting and picking at least one of the one or more colonies of cells
occupying the area or areas determined and recorded in (e).

2. 2. A method for determining the clonal status of a picked colony of cells, the method
comprising

1. (a) providing a suspension comprising cells and semi-solid medium in a sample
container, the sample container having a substantially flat bottom wall,

2. (b) centrifuging the sample container such that, after centrifugation, substantially
all cells are positioned at the bottom wall,

3. (¢) determining and recording the position of one or more cells located within at
least one predetermined region at the bottom wall,
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4. (d) incubating the sample container under conditions suitable for the growth of
colonies of cells,

5. (e) determining and recording the area occupied by one or more colonies of cells,
the one or more colonies of cells being located within the at least one
predetermined region at the bottom wall,

6. (f) selecting and picking at least one of the one or more colonies of cells
occupying the area or areas determined and recorded in (e), and

7. (g) inferring that a colony of cells selected and picked in (f) is monoclonal if the
position of not less and not more than one cell, as determined and recorded in (c),
is located within the area determined and recorded in (e) as the area occupied by
the colony of cells selected and picked in (f).

3. 3. A method for picking a monoclonal colony of cells, the method comprising

1. (a) providing a suspension comprising cells and semi-solid medium in a sample
container, the sample container having a substantially flat bottom wall,

2. (b) centrifuging the sample container such that, after centrifugation, substantially
all cells are positioned at the bottom wall,

3. (¢) determining and recording the position of one or more cells located within at
least one predetermined region at the bottom wall,

4. (d) incubating the sample container under conditions suitable for the growth of
colonies of cells,

5. (e) determining and recording the area occupied by one or more colonies of cells,
the one or more colonies of cells being located within the at least one
predetermined region at the bottom wall,

6. (f) inferring that a colony of cells is monoclonal if the position of not less and not
more than one cell, as determined and recorded in (c), is located within the area
determined and recorded in (e) as the area occupied by the colony of cells, and

7. (g) selecting and picking at least one monoclonal colony of cells.

4. 4. A method for producing a cell line, the method comprising

1. (a) providing a suspension comprising cells and semi-solid medium in a sample
container, the sample container having a substantially flat bottom wall,

2. (b) centrifuging the sample container such that, after centrifugation, substantially
all cells are positioned at the bottom wall,

3. (¢) determining and recording the position of one or more cells located within at
least one predetermined region at the bottom wall,

4. (d) incubating the sample container under conditions suitable for the growth of
colonies of cells,

5. (e) determining and recording the area occupied by one or more colonies of cells,
the one or more colonies of cells being located within the at least one
predetermined region at the bottom wall,

6. (f) selecting and picking at least one of the one or more colonies of cells
occupying the area or areas determined and recorded in (e), and

7. (g) producing a cell line by culturing under suitable conditions a colony of cells
selected and picked in (f).

5. 5. A method for determining the clonal status of a produced cell line, the method
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comprising

1. (a) providing a suspension comprising cells and semi-solid medium in a sample
container, the sample container having a substantially flat bottom wall,

2. (b) centrifuging the sample container such that, after centrifugation, substantially
all cells are positioned at the bottom wall,

3. (¢) determining and recording the position of one or more cells located within at
least one predetermined region at the bottom wall,

4. (d) incubating the sample container under conditions suitable for the growth of
colonies of cells,

5. (e) determining and recording the area occupied by one or more colonies of cells,
the one or more colonies of cells being located within the at least one
predetermined region at the bottom wall,

6. (f) selecting and picking at least one of the one or more colonies of cells
occupying the area or areas determined and recorded in (e),

7. (g) producing a cell line by culturing under suitable conditions a colony of cells
selected and picked in (f), and

8. (h) inferring that the cell line is monoclonal if the position of not less and not more
than one cell, as determined and recorded in (c), is located within the area
determined and recorded in (e) as the area occupied by the colony of cells
selected and picked in (f) and cultured to establish the cell line in (g).

6. 6. A method for producing a monoclonal cell line, the method comprising

1. (a) providing a suspension comprising cells and semi-solid medium in a sample
container, the sample container having a substantially flat bottom wall,

2. (b) centrifuging the sample container such that, after centrifugation, substantially
all cells are positioned at the bottom wall,

3. (¢) determining and recording the position of one or more cells located within at
least one predetermined region at the bottom wall,

4. (d) incubating the sample container under conditions suitable for the growth of
colonies of cells,

5. (e) determining and recording the area occupied by one or more colonies of cells,
the one or more colonies of cells being located within the at least one
predetermined region at the bottom wall,

6. (f) selecting and picking at least one of the one or more colonies of cells
occupying the area or areas determined and recorded in (e),

7. (g) inferring that a colony of cells selected and picked in (f) is monoclonal if the
position of not less and not more than one cell, as determined and recorded in (c),
is located within the area determined and recorded in (e) as the area occupied by
the colony of cells selected and picked in (f), and

8. (h) producing a monoclonal cell line by culturing under suitable conditions a colony
of cells selected and picked in (f) and inferred to be monoclonal in (g).

7.7. The method according to item 4 or item 5, wherein, in (g), the colony of cells is
cultured at 32 - 37 °C and 3 - 12% CO,, preferably 32 - 37 °C and 5 - 10% CO», more

preferably 37 °C and 5 - 7% CO», in humidified atmosphere in carbonate-buffered

growth medium for approximately 3 days to 1 month.
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. 8. The method according to item 6, wherein, in (h), the colony of cells is cultured at 32 -

37 °C and 3 - 12% COy, preferably 32 - 37 °C and 5 - 10% CO,, more preferably 37 °C
and 5 - 7% CO», in humidified atmosphere in carbonate-buffered growth medium for

approximately 3 days to 1 month.

. 9. The method according to any one of the preceding items, wherein the cells are animal

cells, human cells, or insect cells.

10. The method according to any one of the preceding items, wherein the cells are
mammalian cells.

11. The method according to any one of the preceding items, wherein the cells are
HEK293, CHO, BHK, stem cells, continuous cell lines, primary cells, cancer cell lines, cell
lines immortalized by any means, hybridomas of any species, NSO, Sp2/0, HKB11,
HuH7, HepG2, SkHep, Vero, Cos, or PerC6, all of them growing adherently, or adapted
to growing in suspension and/or growing in suspension.

12. The method according to any one of the preceding items, wherein the substantially
flat bottom wall of the sample container is transparent.

13. The method according to any one of the preceding items, wherein, in (c), the
position of the one or more cells is determined and recorded by recording a first image
of the cells,

wherein a horizontal plane, parallel to the bottom wall and intersecting the cells above
the bottom wall, is the focal plane of the first image,

such that the one or more cells located within at least one predetermined region at the
bottom wall can be recognized in the first image,

and such that coordinates or any other unique identifier can be assigned to the one or
more cells in the first image.

14. The method according to item 13, wherein, in (e), the area occupied by the one or
more colonies of cells is determined and recorded by recording a second image of the
cells,

wherein a horizontal plane, parallel to the bottom wall and intersecting the cells above
the bottom wall, is the focal plane of the second image,

such that the one or more colonies of cells can be recognized in the second image,

and such that coordinates or any other unique identifier can be assigned to the one or
more colonies of cells in the first image and these coordinates or unique identifier can be
compared to any coordinates or unique identifier assigned to the one or more cells in the
first image.

15. The method according to item 14, wherein recording the second image and selecting
and picking of a colony of cells is performed using a colony picking apparatus.

16. The method according to item 15, wherein the colony picking apparatus is capable of
recording brightfield and fluorescent microscopic images.
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. 17. The method according to any one of items 14 to 16, wherein recording the second
image and selecting and picking of a colony of cells is performed using the ClonePix FL
system.

18. The method according to any one of items 14 to 16, wherein recording the second
image and selecting and picking of a colony of cells is performed using the ClonePix 2
system.

19. The method according to any one of items 14 to 18, wherein, if the method
comprises a step of inferring that a colony of cells is monoclonal, a further requirement
for inferring that the colony of cells is monoclonal is that the colony of cells has a shape
which is indicative of monoclonality.

20. The method according to any one of items 14 to 18, wherein, if the method
comprises a step of inferring that a cell line is monoclonal, a further requirement for
inferring that the cell line is monoclonal is that the colony of cells cultured to produce the
cell line has a shape which is indicative of monoclonality.

21. The method according to any one of the preceding items, wherein the selecting and
picking of a colony of cells is based on the presence and intensity of fluorescence of the
colony itself and/or directly surrounding the colony, and/or on sufficient distance to the
next colony.

22. The method according to any one of items 13 to 21, wherein, during the incubation
time in (d), one or more additional image(s) is or are recorded of the cells,

wherein a horizontal plane, parallel to the bottom wall and intersecting the cells above
the bottom wall, is the focal plane of the one or more additional image(s),

wherein cells and/or colonies of cells can be recognized in the additional image(s),

and wherein coordinates or any other unique identifier can be assigned to cells and/or
colonies of cells in the additional image(s) such that these coordinates or unique
identifier can be compared to any coordinates or unique identifier assigned to the one or
more cells in the first image.

23. The method according to item 22, wherein the additional images are recorded once
a day.

24. The method according to any one of items 13 to 23, wherein the image(s) is or are
recorded using light microscopy and a camera.

25. The method according to any one of items 14 to 24, wherein the first image and any
additional image(s), but not the second image, is or are recorded using an imaging
cytometer.

26. The method according to item 25, wherein the imaging cytometer is capable of
recording brightfield microscopic images of the cell culture.

27. The method according to any one of items 14 to 26, wherein the first image and any
additional images, but not the second image, is or are recorded using a Celigo
cytometer.

28. The method according to any one of the preceding items, wherein, after (b) but
before (c), the method further comprises a step of choosing the at least one
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predetermined region at the bottom wall based on a distribution of cells in the sample
container.

29. The method according to item 28, wherein the step of choosing the at least one
predetermined region at the bottom wall is carried out with the help of a light microscope
or with the help of a light microscope and a computer.

30. The method according to item 29, wherein the light microscope is an imaging
cytometer, such as a Celigo cytometer, or a colony picking apparatus, such as a
ClonePix FL system or a ClonePix 2 system.

31. The method according to any one of the preceding items, wherein the at least one
predetermined region at the bottom wall corresponds to the entire surface area of the
bottom wall which is in contact with the suspension.

. 32. The method according to any one of the preceding items, wherein, in (c), the

position of each cell located within the at least one predetermined region at the bottom
wall is determined and recorded.

33. The method according to any one of the preceding items, wherein, in (a), a
concentration of the cells in the suspension is 250 to 1000 cells/ml if the cells are stable
serum-free cell lines, 50 to 500 cells/ml if the cells are stable serum-containing cell lines,
1000 to 5000 cells/ml if the cells are obtained by serum-free transfection, 500 to 2000

cells/ml if the cells are obtained by serum-containing transfection, 10° to 108 cells/ml if
the cells are obtained by hybridoma fusion, or 1000 cells/ml if the cells are HEK293 cells.
34. The method according to any one of the preceding items, wherein at least one of the
one or more colonies of cells occupying the area or areas determined and recorded in
(e) is stained with a contrast enhancing agent in order to assist in selecting and/or
picking the colony.

35. The method according to any one of the preceding items, wherein at least one of the
one or more colonies of cells occupying the area or areas determined and recorded in
(e) is stained with a fluorescent dye in order to assist in selecting and/or picking the
colony.

36. The method according to any one of the preceding items, wherein the cells of at
least one of the one or more colonies of cells occupying the area or areas determined
and recorded in (e) comprise, transcribe, translate, replicate, express, display on their
surface, express intracellularly, and/or secrete a biological molecule of interest or a
biological entity of interest.

37. The method according to item 36, wherein the biological molecule of interest is
selected from the group consisting of: a protein, a polypeptide, a peptide, a nucleic acid,
and a part thereof.

38. The method according to item 36, wherein the biological entity of interest is selected
from the group consisting of: a virus particle, a viral vector, and a part thereof.

39. The method according to any one of the preceding items, wherein the semi-solid
medium is based on methyl cellulose.

40. The method according to any one of the preceding items, wherein the semi-solid
medium contains one or more additives selected from the group consisting of:
monoclonal or polyclonal antibodies, or fragments thereof, labelled with a fluorescent
dye; proteins, such as receptors or ligands, labelled with a fluorescent dye; fluorescent
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dyes specific for a cellular component such as for nucleic acids; and fluorogenic enzyme
substrates or enzyme inhibitors, such as fluorescein isothiocyanate (FITC)-labelled
methotrexate (MTX).

41. 41. The method according to any one of the preceding items, wherein the sample
container is a 1-well plate or petri dish, 6-well plate, 12-well plate, 24-well plate, 48-well
plate, 96-well plate, 384-well plate, or a 1536-well plate.

42.42. The method according to any one of the preceding items, wherein, in (b), the
centrifuging is performed at 1000 x g for 10 minutes.

43. 43. The method according to any one of the preceding items, wherein, after (b), the cells
are capable of dividing.

44. 44  The method according to any one of the preceding items, wherein, in (d), the sample
container is incubated at 32 - 37 °C and 3 - 12% CO,, preferably 32 - 37 °C and 5 - 10%

CO,, more preferably 37 °C and 5 - 7% COy, in humidified atmosphere for

approximately 3 days to 1 month.

[0012] The method of the invention allows determining and recording the position of one or
more cells located at the bottom wall. This information can subsequently (e.g. before or after
colony picking) be used to determine the clonal status of a colony of cells, i.e. to assess
whether a given colony has grown from a single cell or from more than one cell, i.e. whether a
given colony is monoclonal. Moreover, this information can be used to assess whether a cell
line produced by culturing a picked colony of cells is monoclonal, or to produce a cell line by
culturing a picked colony whose clonal status has been determined to be monoclonal.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013]

Figure 1: Celigo image of a HEK293 cell culture in semi-solid medium, recorded directly after
seeding but prior to any centrifugation.

Figure 2: Celigo image of the same culture as shown in Fig. 1, recorded after a first
centrifugation step (see Example 1).

Figure 3: Celigo image of the same culture as shown in Fig. 1 and Fig. 2, recorded after a
second centrifugation step (see Example 1).

Figure 4: Celigo image of the same culture as shown in Fig. 1-3, recorded after a third
centrifugation step (see Example 1).

Figure 5: Clonepix image of one 6-well captured 14 days after seeding. Colonies selected for
picking are numbered.

Figure 6: Celigo images of the same 6-well as in Figure 5 captured at day 14 after seeding,
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recorded before and after colony picking.

Figure 7: Coordinates of colonies #1, #2, #9, #12, and #15 as numbered in Figure 5 given by
Clonepix (top panel) and Celigo (bottom panel).

Figure 8: Celigo images of colonies #1, #2, #9, #12, and #15 captured at day of cell seeding
and 14 days after seeding right before Clonepix picking. Colony numberings are as in Figure 5.

Figure 9: Celigo images of one cell growing to a colony of cells in semi-solid medium within 14
days (left column), or three cells growing to a colony of cells (right column).

Figure 10: Distribution of mono- or poly-clonal origin of 24 colonies grown in semi-solid
medium, monitored by Celigo, and determined adequate for picking by Clonepix technology as
shown exemplarily in Figures 5 and 6.

DETAILED DESCRIPTION OF THE INVENTION

[0014] The invention is related to a method for picking a colony of cells from semi-solid
medium. The method of the invention is characterized in that the use of semi-solid medium is
combined with determining and recording the position of cells after seeding in order to allow an
assessment of whether or not a given colony subsequently grown in the semi-solid medium is
derived from a single cell, i.e. is monoclonal. In the method of the invention, this assessment is
facilitated by a centrifugation step after cell seeding.

[0015] In known methods, prior to picking a colony of cells which can then be used to establish
a cell line, cells are typically seeded either into liquid or semi-solid medium. In these methods,
cell seeding constitutes the so-called cloning step, i.e. the step wherein individual cells should
be separated from each other in such a fashion that they can give rise to monoclonal colonies
of cells. However, ensuring monoclonality based solely on separation of cells during their
seeding is not trivial.

[0016] In known colony picking methods relying on semi-solid medium, colonies are typically
assessed both for desired cell properties (such as productivity in producing a biological
molecule of interest) and for properties thought to correlate with monoclonality (such as colony
shape), and then picked on this basis and used to establish cell lines. However, when picking
colonies from semi-solid medium, for example using the Clonepix technology, there is currently
no direct evidence that a colony identified for picking is derived from a single cell (i.e. that the
colony is monoclonal). Probabilities of monoclonality can be estimated based on statistical
calculations (and based on empirical studies), but these do not provide direct evidence of
monoclonality of a colony. These probabilities can be increased by repeating colony picking in
several rounds, but only at the expense of additional time and, even then, it cannot be directly
assessed whether a given colony is monoclonal or not. Data presented in the context of the
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present invention show that the probability of monoclonality can be less than 60% in such
semi-solid medium-based colony picking methods (see Example 3 and Figure 10).

[0017] Known colony picking methods based on semi-solid medium have not allowed for
determining whether a given cell colony is derived from a single cell (i.e. whether the colony is
monoclonal). The method of the invention, however, does allow for this verification of
monoclonality, namely through a comparison of the position of one or more cells after seeding
with the area occupied by a colony grown from at least one of these cells later. This can be
achieved, for example, by at least recording a first image just after seeding the cells and a
second image before or in the context of selecting and picking a colony. The comparison of
these positions and area, e.g. the comparison of at least two images (particularly in the region
occupied by a given colony in the second image), reveals whether the colony has arisen from a
single cell or not. Namely, it can be assessed how many cells were present (according to their
determined and recorded positions, e.g. in the first image) after cell seeding in the area
occupied later by a given colony, e.g. in the second image.

[0018] In the method of the invention, first, cells are resuspended in semi-solid medium (such
as semi-solid medium based on methylcellulose), and the resulting suspension is introduced
into a sample container, the sample container having a substantially flat bottom wall in contact
with the suspension. Thereby, a suspension comprising cells and semi-solid medium in the
sample container is provided for further use in the method of the invention. This step of
resuspending cells in semi-solid medium and introducing the suspension into a sample
container is also referred to as "cell seeding” or "seeding".

[0019] In preferred embodiments of the invention, the semi-solid medium contains one or
more additives selected from the group consisting of: monoclonal or polyclonal antibodies, or
fragments thereof, labelled with a fluorescent dye; proteins, such as receptors or ligands,
labelled with a fluorescent dye; fluorescent dyes specific for a cellular component such as for
nucleic acids; and fluorogenic enzyme substrates or enzyme inhibitors, such as fluorescein
isothiocyanate (FITC)-labelled methotrexate (MTX). In preferred embodiments of the invention,
the sample container is a 1-well plate or petri dish, 6-well plate, 12-well plate, 24-well plate, 48-
well plate, 96-well plate, 384-well plate, or a 1536-well plate.

[0020] The sample container (e.g. the cell culture dish or plate) containing the suspension of
cells and semi-solid medium is then centrifuged such that, after centrifugation, substantially all
cells are positioned at the bottom wall of the sample container. Preferably, an ability of cells to
divide is retained through the centrifugation step, i.e., after centrifugation, the cells are capable
of dividing. Preferably, this centrifuging step is performed on the day of cell seeding, most
preferably without delay after cell seeding, i.e. typically within about 30 minutes or at a
timepoint well before seeded cells divide, depending on the growth characteristics of the cell
type. By contrast, in known protocols for semi-solid medium-based cloning, cells are left
undisturbed after seeding in order to allow colonies to form (see, for example, Molecular
Devices ClonePix FL Application Guide for New Users, and also Dharshanan S, Hung CS, in
Methods Mol Biol. 2014, 1131:105-12: Screening and subcloning of high producer
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transfectomas using semisolid media and automated colony picker). After centrifugation using
appropriate conditions, in the method of the invention, substantially all cells are positioned at
the bottom wall of the sample container. Which centrifugation conditions are appropriate for
use in the method of the invention depends inter alia on the particular cell type and semi-solid
medium used, and appropriate conditions can be determined experimentally (see, for instance,
Example 1 herein).

[0021] In preferred embodiments of the invention, after centrifugation but before determining
the position of one or more cells, at least one predetermined region at the bottom wall is
chosen, for example based on a distribution of cells in the sample container. This choosing
step may be carried out with the help of a light microscope or with the help of a light
microscope and a computer, wherein the light microscope can be, for instance, an imaging
cytometer, such as a Celigo cytometer, or a colony picking apparatus, such as a ClonePix FL
system or a ClonePix 2 system. However, the at least one predetermined region at the bottom
wall may also be chosen by inserting the sample container into a device such an imaging
cytometer or a colony picking apparatus in a defined orientation that the device requires,
thereby automatically defining at least one predetermined region at the bottom wall of the
sample container that will be analyzed by the device.

[0022] In the next step of the method of the invention, the position of one or more cells located
within at least one predetermined region at the bottom wall is determined and recorded.
Preferably, this determining and recording step is performed on the day of seeding the cells,
more preferably without delay after centrifugation, e.g. within 30 minutes or at a time before
cells divide. Determining and recording the position of the one or more cells can be done, for
example, by manual inspection of the sample container using a light microscope or, for
example, using a partially or fully automated device such as an imaging cytometer (e.g. a
Celigo cytometer (Brooks Life Science Systems, Nexcelom)). In preferred embodiments of the
invention, the position of each cell located within the at least one predetermined region at the
bottom wall is determined and recorded in this step. Determining and recording the position of
one or more cells (e.g. each cell) located within at least one predetermined region at the
bottom wall allows later inferring whether or not a colony of cells that has grown within the at
least one predetermined region is monoclonal: The colony is monoclonal if the position of not
less and not more than one cell, as determined and recorded in the step described in this
paragraph, is located within the area occupied by the colony; in that case, the colony is derived
from a single cell, i.e. is monoclonal.

[0023] In preferred embodiments of the invention, the position of the one or more cells is
determined and recorded by recording a first image of the cells, wherein a horizontal plane,
parallel to the bottom wall and intersecting the cells above the bottom wall, is the focal plane of
the first image, such that the one or more cells located within at least one predetermined
region at the bottom wall can be recognized in the first image, and such that coordinates or
any other unique identifier can be assigned to the one or more cells in the first image. More
preferably, the first image is recorded using an imaging cytometer, most preferably an imaging
cytometer capable of recording brightfield microscopic images, for example a Celigo cytometer
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(Brooks Life Science Systems, Nexcelom).

[0024] After determining and recording the position of one or more cells as described above
(on the day of seeding), the sample container is incubated under conditions suitable for the
growth of colonies. Which conditions are suitable depends inter alia on the type of cells used
and, if necessary, suitable conditions can be determined experimentally. In preferred
embodiments, during this incubation step, one or more additional image(s) is or are recorded
of the cells wherein a horizontal plane, parallel to the bottom wall and intersecting the cells
above the bottom wall, is the focal plane of the one or more additional image(s), wherein cells
and/or colonies of cells can be recognized in the additional image(s), and wherein coordinates
or any other unique identifier can be assigned to cells and/or colonies of cells in the additional
image(s) such that these coordinates or unique identifier can be compared to any coordinates
or unique identifier assigned to the one or more cells in the first image. Preferably, the
additional image(s) is or are recorded using light microscopy and a camera, e.g. an imaging
cytometer, more preferably an imaging cytometer capable of recording brightfield microscopic
images, for example a Celigo cytometer (Brooks Life Science Systems, Nexcelom).

[0025] Then, once one or more colonies of cells have grown, the area occupied by one or
more colonies of cells located within the at least one predetermined region at the bottom wall is
determined and recorded. Again, this can be done, for example, by manual inspection of the
sample container using a light microscope or, for example, using a partially or fully automated
device such as a colony picking apparatus (e.g. a Clonepix system such as ClonePix FL or
ClonePix 2 (Molecular Devices or Genetix)).

[0026] In preferred embodiments of the invention, the area occupied by one or more colonies
of cells located within the at least one predetermined region at the bottom wall is determined
and recorded by recording a second image of the cells, wherein a horizontal plane, parallel to
the bottom wall and intersecting the cells above the bottom wall, is the focal plane of the
second image, such that the one or more colonies of cells can be recognized in the second
image, and such that coordinates or any other unique identifier can be assigned to the one or
more colonies of cells in the second image and these coordinates or unique identifier can be
compared to any coordinates or unique identifier assigned to the one or more cells in the first
image. More preferably, the second image is recorded using a colony picking apparatus, most
preferably a colony picking apparatus capable of recording brightfield and fluorescent
microscopic images, such as a ClonePix FL or ClonePix 2 system.

[0027] In preferred embodiments of the invention, at least one of the one or more colonies of
cells occupying the area or areas determined and recorded as described above is stained with
a contrast enhancing agent, such as a fluorescent dye, in order to assist in selecting and/or
picking the colony. This may be achieved, for example, by an additive that may be present in
the semi-solid medium and that binds to and/or reacts with a biological molecule or entity of
interest which the cells of the colony comprise, transcribe, translate, replicate, express, display
on their surface, express intracellularly, and/or secrete: Such an additive comprises the
contrast enhancing agent, e.g. fluorescent dye, staining the colony. The biological molecule of
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interest may be selected from the group consisting of. a protein, a polypeptide, a peptide, a
nucleic acid, and a part thereof; the biological entity of interest may be selected from the group
consisting of: a virus particle, a viral vector, and a part thereof.

[0028] Embodiments of the invention relate to a method for picking a colony of cells; in these
embodiments, at least one of the one or more colonies of cells whose area was determined
and recorded as outlined above is then selected and picked. Preferably, selecting and picking
of the at least one colony of cells is performed on the same day as determining and recording
the area occupied by the at least one colony of cells. This can be done, for example, by
manual inspection of the sample container using a light microscope and manually picking a
colony using e.g. a handheld pipette or, for example, this can be done using a partially or fully
automated device such as a colony picking apparatus (e.g. a Clonepix system such as
ClonePix FL or ClonePix 2 (Molecular Devices or Genetix)). In these embodiments, the fact
that the position of one or more cells and the area occupied by one or more colonies of cells
within the at least one predetermined region at the bottom wall have been determined and
recorded, as described above, allows to compare the recorded position(s) and area(s) at any
time before or after selecting and picking of a colony in order to determine whether the colony
is monoclonal: The colony is monoclonal if the position of not less and not more than one cell,
as determined and recorded after cell seeding and centrifugation, is located within the area
occupied by the colony approximately at the time of its selecting and picking; in that case, the
colony is derived from a single cell, i.e. it is monoclonal. In preferred embodiments of the
invention, the selecting and picking of a colony of cells is based on the presence and intensity
of fluorescence of the colony, and/or on sufficient distance to the next colony to avoid picking of
an unwanted colony simultaneously. In preferred embodiments of the invention, success of
colony picking is visually verified, for example by manually inspecting the remaining cells in the
semi-solid medium or, for example, by recording a last image of the remaining cells in the
semi-solid medium (the recording being performed in the same fashion as described herein for
a first or a second image), after at least one colony has been picked; visually verifying success
of colony picking, here, means to assess by eye (manual inspection) or on the last image
whether the at least one colony selected for picking was successfully picked.

[0029] Embodiments of the invention relate to a method for determining the clonal status of a
picked colony of cells, wherein the steps up until and including the selecting and picking of at
least one colony of cells are carried out as described above. Subsequently, in these
embodiments, it is inferred that a colony of cells selected and picked as described above is
monoclonal if the position of not less and not more than one cell, as determined and recorded
after cell seeding and centrifugation (see above), is located within the area determined and
recorded (as described above) as the area occupied by the colony of cells that has been
selected and picked (inferring step). Optionally, in a step of inferring that a colony of cells is
monoclonal, a further requirement for inferring that the colony of cells is monoclonal can be
that the colony of cells has a shape which is indicative of monoclonality (e.g. colony size,
colony roundness, colony roughness, and distance to other colonies).

[0030] Embodiments of the invention relate to a method for picking a monoclonal colony of
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cells; in these embodiments, a step of inferring that a colony of cells is monoclonal (as
described above) is carried out after determining and recording the area occupied by one or
more colonies of cells but before the step of selecting and picking at least one colony of cells.
In these embodiments, rather than selecting and picking any at least one colony of cells (as
above), at least one monoclonal colony of cells is picked, i.e. at least one colony is picked that
has been inferred to be monoclonal in the above-described inferring step.

[0031] Embodiments of the invention relate to a method of producing a cell line. In this
method, at least one or more colonies of cells is selected and picked according to the method
of the invention for picking a colony of cells, as described above, and then a cell line is
produced by culturing under suitable conditions such a selected and picked colony of cells.
This method of producing a cell line allows later inferring whether or not a produced cell line is
monoclonal: The cell line is monoclonal if the position of not less and not more than one cell
(determined and recorded as described above) is located within the area occupied by the
colony (determined and recorded as described above) from which the cell line is derived by
culturing; in that case, the cell line is derived from a single cell, i.e. is monoclonal.

[0032] Embodiments of the invention relate to a method for determining the clonal status of a
produced cell line, wherein the steps up until and including the producing of a cell line are
carried out as described above. Subsequently, in these embodiments, it is inferred that a
produced cell line is monoclonal if the position of not less and not more than one cell, as
determined and recorded in a previous step (see above), is located within the area determined
and recorded (as described above) as the area occupied by the colony of cells that has been
selected, picked and cultured under suitable conditions to produce the cell line.

[0033] Embodiments of the invention relate to a method for producing a monoclonal cell line.
In these embodiments, a step of inferring that a colony of cells is monoclonal is carried out
after the step of selecting and picking at least one colony of cells, as described above. Then, in
these embodiments, a monoclonal cell line is produced by culturing under suitable conditions a
monoclonal colony of cells.

[0034] Alternatively, according to the invention, a method for producing a monoclonal cell line
comprises the steps of the above-described method for picking a monoclonal colony of cells
and, in addition, a further step of producing the monoclonal cell line by culturing under suitable
conditions a monoclonal colony of cells selected and picked as described above.

[0035] Moreover, the present disclosure provides a cell line produced by methods described
above. In preferred embodiments of the disclosure, the cells of the cell line comprise,
transcribe, translate, replicate, express, display on their surface, express intracellularly, and/or
secrete a biological molecule of interest or a biological entity of interest; wherein the biological
molecule of interest is selected from the group consisting of: a protein, a polypeptide, a
peptide, a nucleic acid, and a part thereof; and/or wherein the biological entity of interest is
selected from the group consisting of: a virus particle, a viral vector, and a part thereof.
Preferred embodiments of the disclosure provide a monoclonal cell line produced by the



DK/EP 3304037 T3

above-described method of producing a monoclonal cell line. Furthermore, the present
disclosure provides a use of the cell line defined in this paragraph, e.g. the monoclonal cell
line, in a method for producing the biological molecule and/or the biological entity of interest.

[0036] In the methods of the present invention, as outlined above, the centrifugation step
facilitates ensuring or verifying monoclonality of a colony (or of a cell line produced by culturing
the colony) by allowing a comparison of the position of one or more cells (in one plane) at the
bottom wall after seeding and centrifugation with the area occupied by the colony at a later
time (before or in the context of selecting and picking a colony). This comparison can be
performed, for example, by comparing the first and second images described above showing
cells after seeding and centrifugation, and later grown colonies, respectively, in the area
occupied by the colony in the second image.

[0037] In the case of a comparison based on a first and a second image as described above,
the comparison can be performed by comparing the coordinates or any other unique identifier
assigned to cells and colonies in the images. In the event that a first and a second image are
recorded such that the coordinates or any other unique identifier assigned to cells and colonies
cannot be directly compared between the first and second image, the two systems of
coordinates or of other unique identifier used in the two images can be harmonized such that
the comparison can be drawn. For example, if the point of origin of a (two-dimensional)
coordinate system used in the first image lies a certain distance in a certain direction away
from the point of origin of a (two-dimensional) coordinate system used in the second image,
the coordinates assigned to cells in the first image can be adjusted by this distance in the
appropriate direction in order to correspond to coordinates assigned to colonies in the second
image, or vice versa.

[0038] Preferred embodiments of the invention are related to the development of cell lines
using the Clonepix FL platform providing the so-called fluorescence halo picking technique.
The Clonepix system consists of a semi-automatic colony picking apparatus which can identify
colonies derived from recombinant protein-secreting mammalian cell lines based on their
optical properties in semi-solid medium in multi-well plates. Colonies producing a recombinant
protein can be identified by adding a fluorochrome-labeled antibody against the secreted
recombinant protein in the semi-solid medium which forms an immunoprecipitate around the
colony. Thus, a fluorescing halo can be detected surrounding the colony by fluorescence
excitation and detection at a specific wavelength. By using imaging software, the size of the
fluorescent halo can be measured and related to the colony size. This enables selection of
colonies according to their recombinant protein productivity, and picking them - using a steel
pin - into multi-well plates. However, the resolution of the optical system of the Clonepix system
is not high enough to identify single cells in the semi-solid medium on the day of seeding.

[0039] In preferred embodiments of the invention, the inventors instead used the Celigo
imaging cytometer to assess whether a given colony is derived from a single cell, and to
monitor colony growth in the multi-well plates in semi-solid medium on a regular basis from
seeding until picking. The resolution of the Celigo images enabled the inventors to identify
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single cells, and the software allows tracking of cells over time by saving the coordinates.

[0040] In these preferred embodiments, to facilitate imaging of cells growing in semi-solid
medium, it was required to centrifuge the culture plates in a laboratory centrifuge at low speed
and slow acceleration and high break settings. Cells have to be collected at the bottom of the
plate, because the Celigo is able scan a cell culture plate only in one optical plane. By
combining both systems (Clonepix and Celigo), as well as centrifugation, the inventors were
able to determine whether a given high producer colony picked by Clonepix technology is
derived from a single cell.

[0041] Thus, e.g. according to these preferred embodiments, the method of the invention
makes it possible to grow and pick colonies in and from semi-solid medium, e.g.
methylcellulose-containing medium, which are derived from one single cell. Data related to the
invention also show that colonies which are derived from more than one cell cannot be reliably
distinguished by size or roundness alone from monoclonal colonies. The method of the
invention allows tracking and picking of single cell-derived colonies for the development of
more stable and uniform cell lines, for example for the production of recombinant proteins for
human therapeutic use. The method is applicable for many cell lines, including HEK293, CHO,
BHK, stem cells, continuous cell lines, primary cells, cancer cell lines, cell lines immortalized by
any means, hybridomas of any species, NSO, Sp2/0, HKB11, HuH7, HepG2, SkHep, Vero,
Cos, or PerCs, all of them growing adherently, or adapted to growing in suspension and/or
growing in suspension. Preferred embodiments of the invention also offer the advantage that
the analyses of images, recorded in order to determine and record the position of one or more
cells or the area occupied by a colony, can be done at any time, because all images, and cell
and colony positions and areas (e.g. in the form of coordinates), are stored in a computer or
on a suitable storage medium using the respective software. This may also facilitate decisions
of whether or not a high producer cell line needs to be re-cloned.

[0042] In the context of the invention, the term "cells" includes any cell type that can be grown
in semi-solid medium. In particular, animal cells, human cells and insect cells are included. In
preferred embodiments of the invention, the cells are mammalian cells, such as HEK293, CHO,
BHK, stem cells, continuous cell lines, primary cells, cancer cell lines, cell lines immortalized by
any means, hybridomas of any species, NSO, Sp2/0, HKB11, HuH7, HepG2, SkHep, Vero,
Cos, or PerCs, all of them growing adherently, or adapted to growing in suspension and/or
growing in suspension.

[0043] In preferred embodiments of the invention, some or all of the cells comprise, transcribe,
translate, replicate, express, display on their surface, express intracellularly, and/or secrete a
biological molecule of interest or a biological entity of interest. In preferred embodiments of the
invention, the biological molecule of interest is selected from the group consisting of. a protein,
a polypeptide, a peptide, a nucleic acid, and a part thereof. In preferred embodiments of the
invention, the biological entity of interest is selected from the group consisting of: a virus
particle, a viral vector, and a part thereof.
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[0044] The appropriate density at which cells are resuspended in, i.e. seeded into, semi-solid
medium in order to provide a "suspension comprising cells and semi-solid medium" depends
on the cell type used and can be optimized on a case-by-case basis. A typical cell density is
250 to 1000 cells/ml if the cells are stable serum-free cell lines, 50 to 500 cells/ml if the cells
are stable serum-containing cell lines, 1000 to 5000 cells/ml if the cells are obtained by serum-
free transfection, 500 to 2000 cells/ml if the cells are obtained by serum-containing

transfection, 10° to 108 cells/ml if the cells are obtained by hybridoma fusion, or 1000 cells/ml if
the cells are HEK293 cells.

[0045] In the context of the invention, the term "semi-solid medium" includes any cell culture
medium that has a viscosity appropriate for facilitating spatial separation of individual cells, and
of colonies growing therefrom, due to limited diffusion within the medium. In preferred
embodiments of the invention, the semi-solid medium is based on methylcellulose, such as
CAS number 9004-67-5. In preferred embodiments of the invention, the concentration of
methylcellulose in the semi-solid medium is between 1.3 and 2.5 % (see METHODS IN CELL
BIOLOGY, Volume 14, David M. Prescott, Academic Press, Jan 13, 1977, pages 240f, and
258f), such as 2% w/v (aqueous solution), and the viscosity is between 1200 cP and 5600 cP,
such as 1500 cP or 4000 cP. In preferred embodiments of the invention, the semi-solid
medium is CloneMedia (Molecular Devices), e.g. CloneMedia-HEK, CloneMedia-CHO, Clone
Media-CHO-G, CloneMedia-G, or CloneMedia. In preferred embodiments of the invention, the
semi-solid medium further comprises other additives. In other embodiments, the semi-solid
medium is based on agarose.

[0046] "Additives" present in the semi-solid medium according to preferred embodiments of
the invention include contrast enhancing agents, such as fluorescent agents, that can stain
colonies of cells which display a particular property, such as production of a biological molecule
of interest or a biological entity of interest. This staining of colonies can then aid in selecting
suitable colonies for picking, and picking these colonies. In preferred embodiments of the
invention, an additive present in the semi-solid medium is selected from the group consisting
of: monoclonal or polyclonal antibodies, or fragments thereof, labelled with a fluorescent dye;
proteins, such as receptors or ligands, labelled with a fluorescent dye; fluorescent dyes specific
for a cellular component such as for nucleic acids; and fluorogenic enzyme substrates or
enzyme inhibitors, such as fluorescein isothiocyanate (FITC)-labelled methotrexate (MTX).

[0047] In the context of the invention, the term "sample container having a substantially flat
bottom wall" includes any sample container that is, first, suitable for cell culture, and second,
has a bottom wall that is substantially flat, preferably such that a centrifugal force perpendicular
to the bottom wall (the centrifugal force being appropriate for the centrifuging step as defined
in the above-described method of the invention) does not move cells laterally (i.e. in directions
perpendicular to the centrifugal force) when these cells are positioned at the bottom wall. In
preferred embodiments of the invention, the sample container is a flat-bottom 1-well plate or
petri dish, 6-well plate, 12-well plate, 24-well plate, 48-well plate, 96-well plate, 384-well plate,
or 1536-well plate, preferably a flat-bottom six-well plate manufactured by Greiner, Corning,
CytoOne, Nunc, BD Biosciences, Perkin Elmer, and other manufacturers, as recommended by
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e.g. by manufacturers of imaging cytometers (such as Celigo) and of colony picking
apparatuses (such as ClonePix), for example the 6-Well Greiner™ 657160 Plate. Plates
configured to be used with Clonepix FL are also Genetix 6-well black, Genetix Petriwell-1 Plate,
Genetix PetriVWell-6 Plate, and Nunc Omni Tray. For Clonepix, users can also request to be
informed whether a certain plate is adequate or already programmed, via an online form "plate
certification”, http://mdc.custhelp.com/app/ask. In preferred embodiments of the invention, the
substantially flat bottom wall of the sample container is transparent.

[0048] In the context of the invention, centrifuging of the sample container is performed using
a suitable laboratory centrifuge, such as an Eppendorf 5810R centrifuge. Appropriate
conditions for centrifuging the sample container are characterized in that, after centrifugation,
substantially all cells in the suspension contained in the sample container are positioned at the
bottom wall of the sample container. The particular conditions depend inter alia on the
particular composition of semi-solid medium and on the particular cell type employed. The
appropriate conditions can be determined e.g. by applying a range of conditions in parallel or
subsequent test centrifugations, determining by light microscopy whether substantially all cells
are positioned at the bottom wall of the sample container, and choosing the minimum
centrifugation force and time required for substantially all cells to be so positioned. In preferred
embodiments of the invention, centrifugation is performed at 1000 x g for 10 minutes, using an
acceleration time of level 2 on a scale from 0 to 9, where 9 is the fastest, and 2 equals 170

seconds (or an angular acceleration of 37 rad/s2) and a deceleration time of level 9 on a scale
from 0 to 9, where 9 is the fastest equalling approximately 30 seconds (or an angular

deceleration of 209 rad/s?), when using an Eppendorf 5810R centrifuge with an A-4-81 rotor

and MTP/flex buckets. Alternatively, 100 s of acceleration time (or 63 rad/s? angular
acceleration) may be used.

[0049] In the context of the invention, the phrase "substantially all cells are positioned at the
bottom wall" refers to a situation in which, when a microscopic image is recorded of cells at the
bottom wall (wherein a horizontal plane, parallel to the bottom wall and intersecting the cells
above the bottom wall, is the focal plane of the image), all cells that are visible in the image are
also in the focus of the image, i.e. no cells appear out of focus. In such a situation, cells visible
in the focus of the image may be located directly at the bottom wall (i.e. touching the bottom
wall) and/or directly above the bottom wall (e.g. not touching the bottom wall but so close to it
that the cells are still in the focus of the image), which is referred to herein using the general
phrase of the cells being "positioned at the bottom wall".

[0050] In the context of the invention, the term "determining and recording the position of one
or more cells located within at least one predetermined region at the bottom wall" refers to a
process of determining the position of one or more such cells relative to a given point of
reference and recording this position or these positions as information such that this
information can be accessed again at a later time. Preferably, the position of one or more cells
is determined and recorded in a fashion wherein this position or these positions is or are
defined in two dimensions, e.g. in a plane parallel to the bottom wall of the sample container.
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As a particularly simple example, the position of one or more such cells can be determined by
inspection of the sample container using a light microscope; the position of one or more such
cells can be manually determined by adjusting the focus of the microscope to a plane parallel
to the bottom wall and intersecting the cells above the bottom wall, such that the cells
positioned at the bottom wall can be seen in focus; the position of one or more (for example:
all) such cells can then be recorded, for example by manually applying markings to the sample
container (e.g. with a permanent marker, on the outside surface of the bottom wall of the
sample container). In preferred embodiments of the invention, the position of one or more such
cells is determined and recorded by analyzing the sample container using an imaging
cytometer, such as a Celigo cytometer, that records a first image of the cells and assigns
coordinates or any other unique identifier to the one or more cells in the first image.

[0051] The term "imaging cytometer”, as used herein in describing preferred embodiments of
the invention, refers to a device capable of analyzing properties of cells that are positioned in
one plane, such as cells that are positioned at the bottom wall of the sample container
according to the present invention, or such as adherent cells adhering to the bottom wall of a
flat-bottom sample container. Typically, such an imaging cytometer analyzes cells by recording
one or more microscopic images of the cells and then performing analyses on these images.
For instance, coordinates or any other unique identifier may be assigned to one or more cells
visible in the recorded image(s) and saved to a computer or suitable storage medium, thereby
determining and recording their positions. An example of an imaging cytometer is a Celigo
cytometer (Brooks Life Science Systems, Nexcelom).

[0052] When describing the recording of images in preferred embodiments of the invention
above, the term "plane" is used to refer to an optical plane, i.e. a two-dimensional plane in
three-dimensional space. The plane which an image focuses on is referred to as the "focal
plane" of the image.

[0053] In the context of the invention, the term "predetermined region at the bottom wall"
refers to all or part of the surface area of the bottom wall that is in contact with the suspension
comprising cells and semi-solid medium. In embodiments of the invention, a predetermined
region corresponds to the entire surface area which is in contact with the suspension. In other
embodiments of the invention, at least one predetermined region at the bottom wall that
corresponds to part or all of the surface area in contact with the suspension is chosen after
centrifuging the sample container but before determining and recording the position of one or
more cells located within the at least on predetermined region; preferably, the choosing of the
at least one predetermined region is based on a distribution of cells in the sample container;
for example, at least one predetermined region may be chosen on the basis of a minimum
distance between cells located within the at least one predetermined region.

[0054] In preferred embodiments of the invention, images are recorded using light microscopy
and a camera. Recording a first image does not necessarily mean that only one image is
recorded but, rather, that one or more images are recorded and one image is chosen as the
first image. This also applies to other images recorded according to embodiments of the
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present invention. The image chosen as the first image is one wherein individual cells can be
recognized and wherein coordinates can be assigned to individual cells, preferably for
matching to the coordinates of colonies shown in other images recorded later, such as a
second image (see below). In preferred embodiments of the invention, the first image is
recorded using an imaging cytometer, such as an imaging cytometer capable of capturing
brightfield microscopic images of the cell culture, such as a Celigo cytometer (Brooks Life
Science Systems, Nexcelom). The first image recorded in preferred embodiments of the
invention is recorded from above or below the sample container, and the image focuses on a
horizontal optical plane (i.e. an optical plane that is parallel to the substantially flat bottom wall
of the sample container) intersecting the cells above the bottom wall of the sample container.

[0055] In preferred embodiments of the invention, a first image is recorded without delay after
the centrifuging step, i.e. typically within 30 minutes or at a timepoint well before seeded cells
divide, depending on the growth characteristics of the cell type.

[0056] In preferred embodiments of the invention, during the phase of colony growth between
determining and recording the position of one or more cells and determining and recording the
area occupied by one or more colonies, respectively, the sample container, which contains the
suspension, is incubated at 32 - 37 °C and 3 - 12% CO,, preferably 32 - 37 °C and 5 - 10%

CO5, more preferably 37 °C and 5 - 7% CO», in humidified atmosphere for approximately 3

days to 1 month. These conditions are examples of "conditions suitable for the growth of
colonies of cells".

[0057] During the phase of colony growth, colonies of cells may grow while cells adhere to the
bottom wall and/or while cells are suspended in the semi-solid medium directly above the
bottom wall. These growth forms can be distinguished microscopically, as cells display different
morphologies depending on whether they adhere to the bottom wall or not.

[0058] In the context of the invention, the term "colony" refers to a group or aggregation of
cells in semi-solid medium (i.e. at least two cells touching each other). Such a colony typically
grows during the incubation period following the steps of seeding of the cells into semi-solid
medium, centrifugation, and determining and recording the position of one or more cells. In
principle, a colony may grow either from a single cell sufficiently far removed from all other
cells in the semi-solid medium for these other cells not to form part of the colony grown from
the single cell, or a colony may grow from several cells close enough to each other in the semi-
solid medium for more than one of them to form part of the colony grown from them.

[0059] In the context of the invention, the term "determining and recording the area occupied
by one or more colonies of cells” refers to a process of determining the area occupied by one
or more colonies of cells relative to a given point of reference and recording this area or these
areas as information such that this information can be accessed again at a later time. As a
particularly simple example, the areas of one or more colonies can be determined by
inspection of the sample container using a light microscope; the area of one or more such cells
can be manually determined by adjusting the focus of the microscope to a plane parallel to the
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bottom wall and intersecting the cells above the bottom wall, such that the colonies of cells
located at the bottom wall can be seen in focus; the areas occupied by one or more such
colonies can then be recorded, for example by manually applying markings to the sample
container (e.g. with a permanent marker, on the outside surface of the bottom wall of the
sample container) or by committing these areas to memory. In preferred embodiments of the
invention, the position of one or more such colonies of cells is determined and recorded by
analyzing the sample container using a colony picking apparatus, such as a ClonePix system
(e.g. a ClonePix FL or ClonePix 2 system), that records a second image of the cells and
assigns coordinates or any other unique identifier to the one or more colonies of cells in the
first image. Therefore, the area occupied by one or more colonies of cells at the bottom wall
may be determined and recorded as an area or areas in a two-dimensional coordinate system,
for example. The area or areas thus determined and recorded, in preferred embodiments of
the invention, are amenable to comparison with the position of one or more cells previously
determined and recorded; in particular, it can be analyzed whether not less and not more than
one cell was positioned (after centrifugation) in the area occupied by a given colony, which
allows inferring whether the given colony is monoclonal, i.e. derived from a single cell.

[0060] The term "colony picking apparatus”, as used herein in describing preferred
embodiments of the invention, refers to a device capable of selecting and picking at least one
colony of cells from semi-solid medium in a sample container. Preferably, the selecting and
picking of colonies is partially or fully automated in such a device. Preferably, a colony picking
apparatus is capable of recording brightfield and fluorescent microscopic images of cells and
colonies of cells. In preferred embodiments of the invention, based on properties of colonies
visible on such images, the device can (e.g. with input from the user or according to
predetermined rules) select and pick colonies of cells. An example of a colony picking
apparatus is a ClonePix system, such as a ClonePix FL or ClonePix 2 system (Molecular
Devices, Genetix).

[0061] In the context of the invention, "selecting a colony of cells" means identifying a colony
as adequate for picking based one or more criteria such as colony size, colony roundness,
colony roughness, and distance to other colonies (e.g. a minimum distance between colonies,
such as 0.9 mm, may be chosen as one of the one or more criteria that need(s) to be met in
order for a colony to be identified as adequate for picking, i.e. for a colony to be selected). In
preferred embodiments of the invention, such as embodiments wherein a colony picking
apparatus (such as a Clonepix system) is used for selecting a colony of cells, the one or more
criteria on the basis of which a colony is selected as adequate for picking may include the
intensity of fluorescence (or the intensity of another type of staining) of the colony itself and/or
directly surrounding the colony like a fluorescent "halo", for example as an immunoprecipitate.
This fluorescence intensity may result from detection of a biological molecule or entity of
interest secreted by cells of the colony or displayed on their surface, for example, detection
being achieved by a fluorescently labelled additive in the semi-solid medium.

[0062] In the context of the invention, the term "picking a colony of cells” refers to the process
of transferring one or more cells of a colony, but not any cells that do not form part of the
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colony, from the sample container that the colony has grown in to another sample container.
Alternatively, instead of transferring to another sample container, the one or more cells of a
colony may be used in another method (e.g. a method of analysis or a method of production)
such as polymerase chain reaction (PCR), fluorescence-activated cell sorting (FACS) or cell
cultivation. In preferred embodiments of the invention, during picking a colony, one or more
cells of the colony are transferred to a well of a multi-well plate (such as a 96- or 384-well
plate) containing cell culture medium suitable for cultivation of the type of cells that the colony
is made up of. In preferred embodiments of the invention, during picking a colony, the one or
more cells of the colony are aspirated out of the semi-solid medium using a pipette tip or any
similar device (e.g. a stainless steel needle such as the one that forms part of a colony picking
apparatus (such as a ClonePix FL or ClonePix 2 system)) and introduced into liquid growth
medium by pushing the colony out of the pipette tip or similar device using compressed air and
flushing the pipette tip or similar device.

[0063] In preferred embodiments of the invention, the colony is picked based on the presence
and intensity of its fluorescence, a technique also known as "fluorescent halo picking
technique”. In such embodiments, an appropriate additive is present in the semi-solid medium
to fluorescently stain colonies which comprise, transcribe, translate, replicate, express, display
on their surface, express intracellularly, and/or secrete a biological molecule of interest or
biological entity of interest able to bind to or react with the additive.

[0064] In the preferred embodiments of the invention, the first and the second images are
compared in the area occupied by a given colony in the second image, wherein the colony of
cells is derived from a single cell if the same area in the first image contains only one cell. This
comparison enables an assessment of whether or not a given colony has arisen from a single
cell.

[0065] In the context of the invention, the term "clonal status” refers to a property of a colony
of cells or of a cell line, namely to the property of being monoclonal or not.

[0066] In the context of the invention, the term "monoclonal”, used e.g. to characterize a
colony of cells or a cell line, means "derived from a single cell". In other words, a monoclonal
colony is a colony that has grown from a single cell, and a monoclonal cell line is a cell line that
has grown from a single cell.

[0067] In preferred embodiments of the invention, colonies of interest are identified by
comparing a first image recorded using a Celigo cytometer (showing one or more cells located
within at least one predetermined region at the bottom wall) with a second image recorded by
the ClonePix FL (showing picked colonies, or colonies to be picked), wherein one or more cells
and one or more colonies have been assigned coordinates to identify their position and areas
occupied, respectively. Individual cells and/or colonies are thus identified by their coordinates
given by the Celigo or ClonePix systems, although different (two-dimensional) coordinate
systems are used. The ClonePix FL has its point of origin in the upper left corner of the plate
whereas the Celigo has its point of origin in the middle of each well, but both systems measure
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in yum or mm and are thus comparable. In preferred embodiments of the invention, Celigo
coordinates are read by using the software mode "tumorsphere detection”. In the "gate" sub-
menu in the tab "classes", the population details including the coordinates of a selected colony
can be displayed.

[0068] In preferred embodiments of the invention, the comparison between images recorded
using a Celigo cytometer and images recorded using the ClonePix FL system is achieved
through a method to harmonize cell and colony coordinates from both systems, enabling cell
and colony tracking, as described in the following:

[0069] The Clonepix coordinate system has its origin (x=0, y=0) in the upper left corner of the
plate.

[0070] The Celigo coordinate system has its origin in the center of each well. Therefore, the
Clonepix coordinates of each well center have to be determined either experimentally by using
plates whose well centers are marked, or by using coordinates given by the plate supplier; e.g.
Greiner delivers well center coordinates.

[0071] The coordinates (x and y values) of every picked or photographed cell or colony of cells
are given as information by the respective Clonepix or Celigo software.

[0072] Celigo and Clonepix coordinates can be related to each other by using the following

equations:

XCeligo x-coordinate measured by Celigo [um]

XClonepix x-coordinate measured by Clonepix [mm]

XOc lonepix center coordinate of a well stored in Clonepix software [mm]
Yceligo y-coordinate measured by Celigo [um]

YClonepix y-coordinate measured by Clonepix [mm]

YOc onepix center coordinate of a well stored in Clonepix software [mm]

XCeligo = (XCIDnepix - XOClonepix) *1000

Yceligo = (y(‘,ionqmix - yOClonepix) * 1000

EXAMPLES

Example 1: Determining appropriate centrifugation conditions
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[0073] Appropriate centrifugation conditions for use in the method of the invention, namely in
the centrifuging step following seeding of cells into semi-solid medium (for substantially all cells
to be positioned at the bottom wall of the sample container after centrifugation), depend inter
alia on the particular cell type and type of semi-solid medium used. Appropriate conditions can
be determined experimentally on a case-by-case basis, as exemplified below for HEK293 cells.

[0074] HEK293 cells were resuspended at a density of 1000 cells/ml in semi-solid medium
(90% v/v CloneMedia-HEK (Molecular Devices, order K8685); 10% v/v CD293 medium (Life
Technologies) supplemented with 4 mM L-glutamine (Life Technologies), 10 mM HEPES (Life
Technologies), and 15 uM phenol red), according to the manufacturer's instructions (Molecular
Devices). 2 ml of this cell suspension was added into one well of a 6-well plate (Greiner). An
image was recorded of the well containing the cell suspension (Fig. 1), but no suitable focus
could be found due to the distribution of cells in three dimensions. Then, the plate was
subjected to several centrifugation steps in an Eppendorf 5810R centrifuge with an A-4-81
rotor and MTP/flex buckets at 1000 x g using very low acceleration (2 of 9) and high brake (9
of 9) force, and an image was recorded after each centrifugation step, in order to determine
how long the centrifugation needed to be in order for substantially all cells to arrive at the
bottom wall of the plate, i.e. in one optical plane.

[0075] After a first centrifugation step of one minute at approximately 400 x g (settings 1000 x
g, acceleration 2 [195 sec according to centrifuge specifications, but in our experience only 100
sec; may vary considerably], brake 9 [30 sec]); the run was stopped after one minute,
therefore 400 x g were reached), an image was recorded (Fig. 2) showing the same section as
Fig. 1, but no suitable focus could be found to capture all cells in one optical plane, however,
some cells were already found at the bottom of the well. After an additional centrifugation step
for 1 min 50sec (10 sec at 1000g effectively, acceleration 2, brake 9) another image was
recorded (Fig. 3), where still some cells were not in focus. However, after a final centrifugation
step of five minutes (3 min 20 sec at 1000g, acceleration 2, brake 9), a final image could be
recorded showing only cells in focus (Fig. 4).

[0076] In contrast, merely incubating a 6-well plate containing the suspension of cells and
semi-solid medium for 5.5 hours at 37 °C and 5 - 7% CO» in humidified atmosphere, without

any centrifugation, did not allow for cells to settle into one plane. This result illustrates that,
following known protocols for cell line development using semi-solid medium, such as the
protocols for ClonePix platforms (Molecular Devices), i.e. without centrifugation (leaving the
cells "undisturbed" after seeding), it is not possible to record a meaningful image of the cells on
the day of seeding. Therefore, following such known protocols, monoclonality of a given colony
cannot be verified as it can be using the method of the invention, namely based on an image of
the cells (in one plane) recorded on the day of seeding.

Example 2: Comparing coordinates of colonies on images recorded using Celigo and
ClonePix FL, respectively
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[0077] A 6-well plate containing colonies derived from HEK293 cells grown in semi solid
medium was imaged by the Celigo using the "tumorsphere 1" application to provide images for
comparison of the coordinates of the systems Celigo and ClonePix FL. The imaging options
used with Celigo were the following: Application Name: Tumorsphere1 or Target 1; Plate:
Greiner 657160 Plate; Exposure: about 1800 ps brightfield; percent well mask size: 99;
algorithm: O; intensity threshold: 10-50; precision: 2; filter size: 12-50; focus position A: 3.3;
focus position B: 3.3; additional information see files "Well level Data xxx"

[0078] After having inserted the 6-well plate into the Clonepix FL system, imaging was initiated
in the respective system software. A "Preview Picture” was taken and the average colony
diameter was fixed (eg. 0.46 mm) as well as imaging options white light 100ms, 2LED
brightness / FITC: 1000ms, 128 LED brightness and algorithm local threshold. Next the wells of
interest were selected, and images were taken as preset. In the tab "Graph" in the submenu
"Groups" definitions for clones of interest were made. (eg. "too big" more than > 0.7 mm; "too
small" equal or less than 0.06mm, proximity not less than 0.9 mm; compactness (defined as 0=
not compact, 1= perfect circle) not less than 0.6; axis ratio (defined as ratio of the minimum
and maximum radiuses of the feature) not less than 0.6; exterior mean intensity FITC more
than 23.55 and not more than 500). Accepted clones were highlighted green automatically, and
were picked in the next step into 96 well plates.

[0079] Using the option "review results" the statistic parameters of all clones were exported as
*.csv file and moved to MS Excel containing x and y coordinates of the clones given in mm.
Using the Celigo Software in the Tab "Results" the colony of interest was zoomed in as near as
possible in the picture taken before picking. Without changing the image section on the screen
the scan from day O was loaded by changing the date in the scan menu appropriately to
reassess the presence of only one cell in the defined area of the colony.

[0080] The coordinates of the selected colony could be obtained by using the menu "Gate".
First, one had to click on the well of interest of the plate. The colony of interest was found by
comparing the "clone pattern”. It was zoomed in as near as possible, and ensured that the
option "graphic overlay" was turned on and changed to submenu "Classes". The colony was
bordered in a colour of choice. The colony was selected by left-click, and its coordinates read
in the field "object level data".

[0081] The coordinates of 5 colonies in well A2 of a 6-well plate as measured by Celigo or their
theoretical Celigo coordinates calculated from the Clonepix data (using the above-described
method of harmonizing cell and colony coordinates from Celigo and Clonepix systems, i.e. by
relating coordinates from both systems to each other using the above-described equation)
were compared, and the results of this comparison are presented in Table 1 below:

Table 1
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Theoretical

Center Celigo Measured
) . coordinates 9 ; minus
Clonepix Celigo for well A2 as coordinates calculated
coordinates {coordinates calculated from ;
measured by Clonepix Celigo
Clonepix coor diﬁates coordinates
Colony §x y y x0 yO X y
number {[mm] {imm] <™ ffum) imm) immp EMD Y MDA m)

#1 68.53{31.76{4498 {8250 {63.88 {23.24 {4649 {8518 {-151 {-268
#2 72.54{23.03{8513 {-468 {63.88 {23.24 {8655 {-206 {-142 §{-262
#9 71.29{16.03{7252 {-7441i{63.88 {23.24 {7412 }{-7215 {-160 §{-226
#12 53.30{28.01{-10765{4579 163.88 {23.24 {-10583 {4771 {-182 §{-192
#15 50.11 {18.89{-13983{-4632:63.88 {23.24 {-13766 {-4346 {-217 {-286
Mean deviation of calculated versus measured Celigo coordinates 170 {-247

[0082] It can be concluded from the data in Table 1 that a single cell or a colony on a Celigo
image can be uniquely identified based on Clonepix data, because the maximum proximity of
900 um of one colony to another, which is predefined as a requirement to select a colony
adequate for picking by Clonepix, is much higher than the observed deviations in x and y
directions (170 and 247 pm, respectively).

Example 3: Colony picking and monoclonality verification using the method of the
invention

Introduction

[0083] This example relates to the development of cell lines using the Clonepix FL platform,
which provides the so-called fluorescence halo picking technique, in combination with the
Celigo cytometer and a centrifugation step, according to the method of the invention.

Methods and Materials

Cell culture

[0084] HEK293H cells (Life Technologies) secreting a recombinant protein were generated by
transfection of a mammalian expression plasmid vector based on pBudCE4.1 (Life
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Technologies catalog no. V532-20) by nucleofector technology encoding the gene of interest
(coding for a human IgG fusion protein), and stably transfected cells were selected by
resistance to Zeocin added at 10 pg/ml to the culture medium (CD293 medium (Life
Technologies) supplemented with 4 mM L-glutamine (Life Technologies), 10 mM HEPES (Life
Technologies), 5 ug/ml insulin (Lonza), and 2 g/l soy peptone (Baxter preparation)) caused by
co-expression of a resistance gene also encoded on the same plasmid. Cell pools after
antibiotic selection were seeded into semi-solid medium (Clone Media HEK, Molecular Devices,
catalog no. K8685) in 6-well plates, and a polyclonal anti human IgG antibody labeled with
FITC was added at a concentration of 5 yg/mL. From the semi-solid medium, colonies were
picked into the same culture medium as above, optionally supplemented with 1 part of 3
conditioned supernatant in the medium to facilitate growth at low cell density and after cloning
and picking stress. The conditioned supernatant can be obtained by high-speed centrifugation
of an aliquot of the culture supernatant of the selected cell pool after two to three culture days.
Clones were further expanded for characterization.

Celigo imaging

[0085] The 6-well plates containing cell colonies in semi-solid medium were centrifuged in an
Eppendorf 5810R centrifuge at 1000 x g for 10 minutes at very low acceleration (2 of 9) and
high brake (9 of 9) to enable cells or colonies to move to the bottom wall of the plate for
imaging. Images were captured using a Celigo cytometer on a regular basis until colony
picking. It was required to collect substantially all cells at the same level at the bottom of the
plate, because the Celigo cytometer can only scan a whole cell culture plate within the same
optical plane or z-coordinate value. Imaging settings were adjusted to taking 276 pictures per
6-well plate within approximately 5 minutes. In detail, cell (growth) tracing was achieved by
creating a new Plate ID in the Celigo software. Thus, all taken photographs of the plate were
filed as one experiment containing all performed scans of one plate at given times (essentially
directly after plating and directly before picking, optionally several times in between). The
pictures were linked to each other, enabling to switch from the colony of interest on the day of
picking to the very same position directly after plating to verify monoclonality of the colony.

Clonepix colony picking

[0086] Clones were picked using the ClonePix FL 14 days after splitting the cells into semisolid
medium. For picking the ClonePix FL was prepared using the program "prepare for pickrun”.
(Alignment of the pins; disinfection with PERA Safe and UV for 10 minutes, cleaning with aqua
dest.). For picking the program "PICKRUN" was used. According to the menu the parameters
were chosen (eg. plate type Greiner 6 well, Acquisition Options Trans WL and FITC; Prime
configuration Trans WL, destination Wells).

[0087] After having inserted the 6-well plate into the Clonepix FL system, imaging was initiated
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in the respective system software. Colonies were selected based on morphological features
measured in the white light channel, and fluorescing halo size and intensity as measured in the
fluorescence channel. A "Preview Picture” was taken and the average colony diameter was
fixed (eg. 0.46 mm) as well as imaging options white light 100ms, 2LED brightness / FITC:
1000ms, 128 LED brightness and algorithm local threshold. Next the wells of interest were
selected, and images were taken as preset. In the tab "Graph" in the submenu "Groups"
definitions for clones of interest were made. (eg. "too big" more than > 0.7 mm; "too small"
equal or less than 0.06mm, proximity not less than 0.9 mm; compactness (defined as 0= not
compact, 1= perfect circle) not less than 0.6; axis ratio (defined as ratio of the minimum and
maximum radiuses of the feature) not less than 0.6; exterior mean intensity FITC more than
23.55 and not more than 500). Accepted clones were highlighted green automatically, and
were picked in the next step into 96 well plates.

[0088] Using the option "review results" the statistic parameters of all clones were exported as
.csv file and moved to MS Excel containing x and y coordinates of the clones given in mm.
Using the Celigo Software in the Tab "Results" the colony of interest was zoomed in as near as
possible in the picture taken before picking. Without changing the image section on the screen
the scan from day O was loaded by changing the date in the scan menu appropriately to
reassess the presence of only one cell in the defined area of the colony.

[0089] The coordinates of the selected colony could be obtained by using the menu "Gate".
First, one had to click on the well of interest of the plate. The colony of interest was found by
comparing the "clone pattern”. It was zoomed in as near as possible, and ensured that the
option "graphic overlay" was turned on and changed to submenu "Classes". The colony was
bordered in a colour of choice. The colony was selected by left-click, and its coordinates read
in the field "object level data".

Colony and cell identification based on Celigo and Clonepix coordinates

[0090] The colonies of interest were identified by comparing the Celigo images with an image
taken by the ClonePix FL showing picked colonies marked up. Colonies were also identified by
their coordinates given by the Celigo or Clonepix systems, although different coordinate
systems are used (see above description of how to harmonize, i.e. relate to each other, the
coordinates of the two different systems). The ClonePix FL has its point of origin in the upper
left corner of the plate whereas the Celigo has its point of origin in the middle of each well, but
both systems measure in [um] or [mm]. Celigo coordinates are read by using the software
mode "tumorsphere detection”. In the "gate” sub-menu in the tab "classes”, the population
details including the coordinates of a selected colony or cell can be displayed. All Celigo
images taken during the time period from seeding into semi-solid medium until colony picking
and one image after picking were used for assessing monoclonality and growth of the picked
colonies.

Results and Conclusion
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[0091] In a representative picking experiment, 250 cells per mL were seeded into a six well
plate, and images were captured periodically by the Celigo cytometer. After 14 days, the plates
were scanned in the Clonepix instrument, colonies were selected for picking, and picked into
96-well plates. In Figure 5, the Clonepix image of one representative well can be seen showing
15 colonies numbered and selected for picking. Figure 6 shows the corresponding Celigo
images captured before and after Clonepix picking with the 15 colonies marked by circles.
Figure 7 shows the colony coordinates of 5 selected colonies as given by Clonepix and Celigo
technology demonstrating that coordinates from one system can be used to locate the colonies
in the other system. In Figure 8, Celigo images of these 5 colonies at higher magnification
captured on day zero and day 14 are shown demonstrating tracking of colony growth from the
beginning. Colonies derived from 1, 2 and more cells can be clearly identified. In Figure 9, the
history of one single-cell derived colony, i.e. monoclonal colony, and one colony derived from 3
cells is compared by showing Celigo images captured on days 0, 2, 7 and 14 after cell seeding.
It can be seen, that after 2 days, 2 or 6 cells are visible, respectively, in accordance with
approximately 24-36 hours doubling time of HEK293 cells. In Figure 10, the distribution of
mono- or poly-clonal origin of 24 colonies grown in semi-solid medium, monitored by Celigo,
and selected for picking by Clonepix technology is shown for this experiment. It can be
concluded, that the probability that a colony picked by Clonepix technology is not derived from
a single cell can be as high as approximately 45 %, but also that, in contrast to known
methods, the method of the invention allows determining whether or not a given colony is
derived from a single cell.

[0092] In summary, it is shown here for the first time that it is possible to grow and pick
colonies in and from semi-solid, methylcellulose containing medium, which are derived from
one cell, i.e. which are monoclonal.

[0093] It is also shown here that colonies which are derived from more than one cell cannot be
reliably distinguished from monoclonal colonies by size or roundness, for example. The
method used here, in contrast, allows tracking and picking of single cell-derived colonies for
the development of more stable and uniform monoclonal cell lines, for example for the
production of recombinant proteins for human therapeutic use. The method is applicable for
many cell lines, because HEK293 cells (used here) are more sensitive and "harder-to-clone"
than many other mammalian cell lines including CHO and BHK. The method of the invention,
as exemplified here, also offers the advantage that the image analyses can be done at any
time, because all images and cell / colony coordinates are stored in a computer or suitable
storage medium by the respective software. This can also facilitate the decision if a high
producer cell line needs to be re-cloned.
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Patentkrav

1. Fremgangsmade til at opsamle cellekolonier, hvilken fremgangsmade omfatter

enten trinnene at

10

15

20

25

30

(a) tilvejebringe en suspension omfattende cellerne og halv-fast medium i
en prgvebeholder, hvilken prgvebeholder har en i det vaesentlige flad
bundveaeg,

(b) centrifugere prgvebeholderen saledes at, efter centrifugering, er alle
cellerne i det vaesentlige positioneret ved bundvaeggen,

(c) bestemme og optage positionen af én eller flere celler lokaliseret
indenfor mindst en forudbestemt region ved bundvaeggen,

(d) inkubere prgvebeholderen under betingelser der er egnede for vaekst af
kolonier af celler,

(e) bestemme og optage omradet optaget af én eller flere kolonier af celler,
den ene eller flere kolonier af celler er lokaliseret indenfor den mindst ene
forudbestemte region ved bundvaeggen, og

(f) vaelge og opsamle mindst en af den ene eller flere kolonier af celler der
optager omradet eller omraderne bestemt og optaget i (e), og

(g) eventuelt, udlede at en cellekoloni valgt og opsamlet i (f) er monoklonal
hvis positionen af ikke mindre og ikke mere end én celle, som bestemt og
optaget i (c), er lokaliseret inden for omradet bestemt og optaget i (e) som
omradet optaget af cellekolonierne valgt og opsamlet i (f);

eller trinnene at

(a") tilvejebringe en suspension omfattende celler og halv-fast medium i en
prgvebeholder, hvilken prgvebeholder har en i det vaesentlige flad
bundveaeg,

(b") centrifugere prgvebeholderen sdledes at, efter centrifugering, er alle
cellerne i det vaesentlige positioneret ved bundvaeggen,

(c') bestemme og optage positionen af én eller flere celler lokaliseret
indenfor mindst en forudbestemt region ved bundvaeggen,

(d") inkubere prgvebeholderen under betingelser der er egnede for vaeksten

af kolonier af celler,
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2

(e') bestemme og optage omradet optaget af én eller flere kolonier af

celler, den ene eller flere kolonier af celler er lokaliseret indenfor den

mindst ene forudbestemte region ved bundvaeggen,

(f") udlede at en cellekoloni er monoklonal hvis positionen af ikke mindre og
5 ikke mere end én celle, som bestemt og optaget i (c'), er lokaliseret inden

for omradet bestemt og optaget i (e') som omradet optaget af

kolonicellerne, og

(g") veelge og opsamle mindst én monoklonal koloni af celler.

10 2. Fremgangsmade til fremstilling af en cellelinje, hvilken fremgangsmade
omfatter enten trinnene at
(a) tilvejebringe en suspension omfattende celler og halv-fast medium i en
prgvebeholder, hvilken prgvebeholder har en i det vaesentlige flad
bundveaeg,
15 (b) centrifugere prgvebeholderen saledes at, efter centrifugering, er alle
cellerne i det vaesentlige positioneret ved bundvaeggen,
(c) bestemme og optage positionen af én eller flere celler lokaliseret
indenfor mindst en forudbestemt region ved bundvaeggen,
(d) inkubere prgvebeholderen under betingelser der er egnede for vaeksten
20 af kolonier af celler,
(e) bestemme og optage omradet optaget af én eller flere kolonier af celler,
den ene eller flere kolonier af celler er lokaliseret indenfor den mindst ene
forudbestemte region ved bundvaeggen,
(f) vaelge og opsamle mindst en af den ene eller flere kolonier af celler der
25 optager omradet eller omraderne bestemt og optaget i (e), og
(g) fremstille en cellelinje ved dyrkning under egnede betingelser af
cellekolonier valgt og opsamlet i (f), og
(h) eventuelt, udlede at cellelinjen er monoklonal hvis positionen af ikke
mindre og ikke mere end én celle, som bestemt og optaget i (c), er
30 lokaliseret inden for omradet bestemt og optaget i (e) som omradet
optaget af cellekolonien valgt og opsamlet i (f) og dyrket for at etablere

cellelinjen i (g);

eller trinnene at
35
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3

(a") tilvejebringe en suspension omfattende celler og halv-fast medium i en
prgvebeholder, hvilken prgvebeholder har en i det vaesentlige flad
bundveaeg,

(b") centrifugere prgvebeholderen sdledes at, efter centrifugering, er alle
cellerne i det vaesentlige positioneret ved bundvaeggen,

(c') bestemme og optage positionen af én eller flere celler lokaliseret
indenfor mindst en forudbestemt region ved bundvaeggen,

(d") inkubere prgvebeholderen under betingelser der er egnede for vaeksten
af kolonier af celler,

(e') bestemme og optage omradet optaget af én eller flere kolonier af
celler, den ene eller flere kolonier af celler er lokaliseret indenfor den
mindst ene forudbestemte region ved bundvaeggen,

(f") vaelge og opsamle mindst en af den ene eller flere kolonier af celler der
optager omradet eller omraderne bestemt og optaget i (e'),

(g") udlede at en cellekoloni valgt og opsamlet i (f') er monoklonal hvis
positionen af ikke mindre og ikke mere end én celle, som bestemt og
optaget i (c"), er lokaliseret inden for omradet bestemt og optaget i (e")
som omradet optaget af cellekolonierne valgt og opsamlet i (f'), og

(h") fremstille en monoklonal cellelinje ved dyrkning under egnede
betingelser af en cellekoloni valgt og opsamlet i (f') og udledt til at veere
monoklonal i (g").

3. Fremgangsmaden ifglge krav 2, hvor, i (g) eller (h"), er kolonierne af celler
dyrket ved 32 - 37°C og 3 - 12% COz2, fortrinsvis 32 - 37°C og 5 - 10% CO2, mere
fortrinsvis 37°C og 5 - 7% CO2, i befugtet atmosfaere i carbonatbufferet
vaekstmedium i ca. 3 dage til 1 maned.

4. Fremgangsmaden ifglge et hvilket som helst af de foregdende krav, hvor
cellerne er dyreceller, humane celler, eller insektceller, fortrinsvis hvor cellerne er
pattedyrceller, mere fortrinsvis hvor cellerne er HEK293, CHO, BHK, stamceller,
kontinuerlige cellelinjer, primaerceller, cancercellelinjer, cellelinjer immortaliseret
ved hvilket som helst organ, hybridomaer af en hvilken som helst art, NSO,
Sp2/0, HKB11, HuH?7, HepG2, SkHep, Vero, Cos, eller PerC6, alle af dem vokser
vedhaengende, eller tilpasset til at vokse i suspension og/eller vokse i suspension.
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5. Fremgangsmaden ifglge et hvilket som helst af de foregaende krav, hvor, i (c)
eller (c'), positionen af den ene eller flere celler er bestemt og optaget ved at
optage et fgrste billede af cellerne,
hvor et horisontalplan, parallelt med bundvaeggen og gennemskaerende
5 cellerne over bundvaeggen, er fokalplanet af det fgrste billede,
saledes at den ene eller flere celler lokaliseret indenfor mindst en
forudbestemt region ved bundvaeggen kan genkendes i det fgrste billede,
og saledes at koordinater eller hvilke som helst andre unikke indikatorer
kan tildeles til den ene eller flere celler i det fgrste billede.
10
6. Fremgangsmaden ifglge krav 5, hvor, i (e) eller (e'), omradet optaget af den
ene eller flere kolonier af celler er bestemt og optaget ved at optage et andet
billede af cellerne,
hvor et horisontalplan, parallelt med bundvaeggen og gennemskaerende
15 cellerne over bundvaeggen, er fokalplanet af det andet billede,
saledes at den ene eller flere kolonier af celler kan genkendes i det andet
billede,
og saledes at koordinater eller hvilke som helst andre unikke indikatorer
kan tildeles til den ene eller flere kolonier af celler i det andet billede og
20 disse koordinater eller unikke indikatorer kan sammenlignes med hvilke
som helst koordinater eller unikke indikatorer tildelt til den ene eller flere

celler i det fgrste billede.

7. Fremgangsmaden ifglge krav 6, hvor optagelse af det andet billede og valg og

25 opsamling af cellekolonier udfgres under anvendelse af et koloniopsamleapparat,
fortrinsvis hvor koloniopsamleapparatet er i stand til at optage brightfield- og
fluorescerende mikroskopbilleder, mere fortrinsvis hvor optagelse af det andet
billede og valg og opsamling af cellekolonier udfgres under anvendelse af ClonePix
FL-systemet eller ClonePix 2-systemet.

30
8. Fremgangsmaden ifglge et hvilket som helst af de foregaende krav, hvor valg
og opsamling af cellekolonier er baseret pa tilstedevaerelsen og intensiteten af
fluorescens af kolonien i sig selv og/eller direkte omringende kolonien, og/eller pa
tilstraekkelig afstand til naeste koloni.

35
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9. Fremgangsmaden ifglge et hvilket som helst af kravene 5 til 8, hvor, under
inkubationstiden i (d) eller (d"), ét eller flere yderligere billede(r) er optages af
cellerne,
hvor et horisontalplan, parallelt med bundvaeggen og gennemskaerende
cellerne over bundvasggen, er fokalplanet af det ene eller flere yderligere
billede(r),
hvor cellerne og/eller kolonier af celler kan genkendes i de yderligere
billede(r),
og hvor koordinater eller hvilke som helst andre unikke indikatorer kan
tildeles til cellerne og/eller kolonier af celler i de yderligere billede(r)
saledes at disse koordinater eller unikke indikatorer kan sammenlignes
med hvilke som helst koordinater eller unikke indikatorer tildelt til den ene
eller flere celler i det fgrste billede,
fortrinsvis hvor de yderligere billeder optages én gang om dagen.

10. Fremgangsmaden ifglge et hvilket som helst af kravene 5 til 9, hvor

billede(rne) optages under anvendelse af lysmikroskopi og et kamera.

11. Fremgangsmaden ifglge et hvilket som helst af kravene 6 til 10, hvor det
fgrste billede og hvilke som helst yderligere billede(r), men ikke det andet billede,
optages under anvendelse af et billeddannelsescytometer, fortrinsvis hvor
billeddannelsescytomeret er i stand til at optage brightfield-mikroskopbilleder af
cellekulturen, mere fortrinsvis hvor billeddannelsescytomeret er et

Celigo-cytometer.

12. Fremgangsmaden ifglge et hvilket som helst af de foregdende krav, hvor,
efter (b) eller (b') men fgr (c) eller (c'), fremgangsmaden yderligere omfatter et
trin at vaelge den mindst ene forudbestemte region ved bundvaeggen baseret pa
en fordeling af cellerne i prgvebeholderen, fortrinsvis hvor trinnet at veelge den
mindst ene forudbestemte region ved bundvaeggen udfgres med hjzelp af et
lysmikroskop eller med hjeelp af et lysmikroskop og en computer, mere fortrinsvis
hvor lysmikroskopet er et billeddannelsescytometer, sdsom et Celigo-cytometer,
eller et koloniopsamlingsapparat, sasom et ClonePix FL-system eller et ClonePix 2-

system.
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13. Fremgangsmaden ifglge et hvilket som helst af de foregdende krav,
hvor den mindst ene forudbestemte region ved bundvaeggen svarer til det
samlede overfladeareal af bundvasggen der er i kontakt med suspensionen;
og/eller hvor, i (c) eller (¢"), positionen af hver celle lokaliseret indenfor
5 den mindst ene forudbestemte region ved bundvaeggen er bestemt og

optaget;
og/eller hvor, i (a) eller (a"), en koncentration af celler i suspensionen er
250 til 1000 celler/ml hvis cellerne er stabile serum-frie cellelinjer, 50 til
500 celler/ml hvis cellerne er stabile serum-indeholdende cellelinjer, 1000

10 til 5000 celler/ml hvis cellerne opnas ved serum-fri transfektion, 500 til
2000 celler/ml hvis cellerne opnas ved serum-indeholdende transfektion,
105 til 106 celler/ml hvis cellerne opnas ved hybridoma-fusion, eller 1000
celler/ml hvis cellerne er HEK293 celler;
og/eller hvor mindst en af den ene eller flere kolonier af celler der optager

15 omradet eller omraderne bestemt og optaget i (e) eller (e') er farvet med
et kontrast-ggende middel med henblik pa at assistere i valg og/eller
opsamling af kolonien;
og/eller hvor mindst en af den ene eller flere kolonier af celler der optager
omradet eller omraderne bestemt og optaget i (e) eller (e') er farvet med

20 et fluorescerende farvestof med henblik pa at assistere i valg og/eller

opsamling af kolonien.

14. Fremgangsmaden ifglge et hvilket som helst af de foregdende krav, hvor
cellerne af mindst en af den ene eller flere kolonier af celler der optager omradet
25 eller omraderne bestemt og optaget i (e) eller (e') omfatter, transkriberer,
translaterer, replikerer, udtrykker, viser pa deres overflade, udtrykker
intracelluleert, og/eller udskiller et biologisk molekyle af interesse eller en
biologisk enhed af interesse;
fortrinsvis hvor det biologiske molekyle af interesse er valgt fra gruppen
30 bestdende af: et protein, et polypeptid, et peptid, en nukleinsyre, og en del deraf,
eller hvor den biologiske enhed af interesse er valgt fra gruppen bestaende af: en

viruspartikel, en virusvektor, og en del deraf.

15. Fremgangsmaden ifglge et hvilket som helst af de foregdende krav, hvor
35 (i) det halv-faste medium er baseret pa@ methylcellulose,
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(ii) det halv-faste medium indeholder én eller flere additiver valgt fra
gruppen bestdende af: monoklonale eller polyklonale antistoffer, eller
fragmenter deraf, maerket med et fluorescerende farvestof; proteiner,
sasom receptorer eller ligander, maerket med et fluorescerende farvestof;
fluorescerende farvestoffer specifikke for en celluleer komponent sdsom for
nukleinsyrer; og fluorogene enzymsubstrater eller enzyminhibitorer, sdsom
fluoresczein-isothiocyanat (FITC)-maerket methotrexat (MTX),

(iii) provebeholderen er en 1-brgndsplade eller petriskal, 6-brgndsplade,
12-brgndsplade, 24-brgndsplade, 48-brgndsplade, 96-brgndsplade,
384-brgndsplade, eller en 1536-brgndsplade,

(iv) i (b) eller (b"), udfgres centrifugeringen ved 1000 x g i 10 minutter,
(v) efter (b) eller (b"), er cellerne i stand til at dele sig, og/eller

(vi) i (d) eller (d"), inkuberes prgvebeholderen ved 32 - 37°C og 3 - 12%
COg, fortrinsvis 32 - 37°C og 5 - 10% COz, mere fortrinsvis 37°Cog 5 - 7%

COz, i befugtet atmosfaere i ca. 3 dage til 1 maned.
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Fig. 10
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