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of interest. Furthernore, the present invention pertains to a nethod
for efficiently producing a product of interest with a high yield. 10
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Proteins that are otherwise difficult to obtain in quantity can be over-expressed in a host cell
and subsequently isolated and purified.
20
The choice of an expression system for the production of recombinant proteins depends on
many factors, including cell growth characteristics, expression levels, intracellular and
extracellular expression, post-translational modifications and biological activity of the protein
of interest, as well as regulatory issues and economic considerations in the production of
25 therapeutic proteins. Key advantages of mammalian cells over other expression systems
such as bacteria or yeast are the ability to carry out proper protein folding, complex N-linked
glycosylation and authentic O-linked glycosylation, as well as a broad spectrum of other post-
franslational modifications. Due to the described advantages, eukaryotic and in particular
mammalian cells are currently the expression system of choice for producing complex
30 therapeutic proteins such as monoclonal antibodies.

The most common approach to obtain high expressing host cells (also called high producers)
generates an appropriate expression vector for expressing the product of interest as a first
step. The expression vector drives the expression of the polynucleotide encoding the product
35 of interest in the host cell and provides at least one selectable marker for generating the
recombinant cell line. Key elements of mammalian expression vectors usually include a
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(i) an introduced polynucleotide encoding a product of interest and
(i) an introduced polynucleotide encoding a DHFR enzyme;
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According to one aspect of the present invention, a method for selecting at least one
30  eukaryotic host cell expressing a product of interest is provided, said method comprising at
least the following steps:

{(a) providing a plurality of eukaryotic host cells, wherein cellular viability of said host cells is
dependent upon folate uptake, wherein said eukaryotic host cells comprise at least

35
(i) an introduced polynucleotide encoding a product of interest and
(i) an introduced polynucleotide encoding a DHFR enzyme;
(b) culturing said plurality of eukaryotic host cells in a selective culture medium comprising
40 at least an inhibitor of DHFR and folate in a limiting concentration;

(c) selecting at least one eukaryotic host cell expressing the product of interest.
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The preferred concentrations and concentration ranges of folate and antifolate described
above can be combined with each other. According to one embodiment, a selective culture
medium is used which comprises a concentration of DHFR inhibitor, preferably MTX, of 200

40 nM or less, preferably 150 nM or less, preferably 100 nM or less and a folate concentration,
preferably folic acid, of less than 100 nM, preferably less than 75 nM. In one embodiment, a
folate concentration of 12,5nM — 50nM is used in combination with an antifolate
concentration of 10nM — 100nM. Preferably, folic acid and MTX are used as folate and
antifolate.
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prokaryotic genes are presumably not advantageous for mammalian expression as
prokaryotic sequences may lead to increased methylation or other silencing effects in the
mammalian cells.

20
The polynucleotide encoding a product of interest and the polynucleotide encoding the DHFR
enzyme are preferably stably introduced into said host cell. The stable introduction
respectively transfection is advantageous for establishing of expression celi lines and in
particular for the large scale and accordingly industrial production of the product of interest.
25

There are several appropriate methods known in the prior art for introducing polynucleotides
and expression vectors into eukaryotic host cells, including mammalian host cells.
Respective methods include but are not limited to calcium phosphate fransfection,
electroporation, lipofection, biolistic- and polymer-mediated genes transfer. Besides

30 traditional random integration based methods also recombination mediated approaches can
be used to transfer the polynucleotide encoding the product of interest and the
polynucleotides encoding a DHFR enzyme into the host cell genome. Such recombination
methods may include use of site specific recombinases like Cre, Flp or ®C31 (see e.g.
Oumard et al, Cytotechnology (2008) 50: 93 - 108) which can mediate directed insertion of

35 transgenes. Alternatively, the mechanism of homologous recombination might be used to
insert said polynucleotides (reviewed in Sorrell et al, Biotechnology Advances 23 (2005) 431
- 469). Recombination based gene insertion allows to minimize the number of elements to be
included in the heterologous nucleic acid that is transferred/introduced to the host cell. For
example, an insertion locus might be used that already provides promoter and poly-A site

40 (exogenous or endogenous) such that only the remaining elements (e.g. the polynuclectide
encoding the product of interest and the polynucleotide encoding the DHFR enzyme needs
to be transferred/transfected to the host cell. Embodiments of a suitable expression vector or
combination of expression vectors according to the present invention as well as suitable host
cells are described in detail above; we refer to the above disclosure.
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be used in one or more additional rounds of selection, optionally for additional qualitative or
25 quantitative analysis, or can be used e. g. in development of a cell line for protein production.
According to one embodiment, an enriched population of producing host cells selected as
described above is directly used as population for the production of the polypeptide of
interest with a good yield. Preferably, a host cell is selected which stably expresses the
product of interest. The advantages of a stable transfection/expression are described in
30  detail above. We refer to the above disclosure.

Also provided is a method for producing a product of interest, comprising at least the
following steps:

35 (a) performing the selection method according to the present invention for selecting
at least one eukaryotic host cell expressing the product of interest; and
(b) culturing at least one selected eukaryotic host cell under conditions that allow for
the expression of the product of interest.

40  As the selection method according to the present inventions allows the identification of high
producing cell clones, said selection system is an important and integral part of the
production process. The expressed product of interest may be obtained by disrupting the
host cells. The polypeptides may also be expressed, e.g. secreted into the culture medium
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producing the product of interest may comprise at least one of the following steps:

- isolating the product of interest from said cell culture medium and/or from said host
cell; andfor
- processing the isolated product of interest.

The product of interest, for example a polypeptide, produced in accordance with the
invention may be recovered and optionally further processed, e.g. further purified, isolated
and/or modified by methods known in the art. For example, the product may be recovered
from the nutrient medium by conventional procedures including, but not limited to,
centrifugation, filtration, ultra-filtration, extraction or precipitation. Purification may be
performed by a variety of procedures known in the art including, but not limited to,
chromatography (e.g. ion exchange, affinity, hydrophobic, chromatofocusing, and size
exclusion), electrophoretic procedures (e.g., preparative isoelectric focusing), differential
solubility (e.g. ammonium sulfate precipitation} or extraction.

The product of interest can be any biological product capable of being produced by
transcription, translation or any other event of expression of the genetic information encoded
by said polynucleotide. In this respect, the product will be an expression product. The
product of interest may be selected from the group consisting of polypeptides, nucleic acids,
in particular RNA or DNA. The product can be a pharmaceutically or therapeutically active
compound, or a research tool to be utilized in assays and the like. In a particularly preferred
embodiment, the product is a polypeptide, preferably a pharmaceutically or therapeutically
active polypeptide, or a research tool to be utilized in diagnostic or other assays and the like.
A polypeptide is accordingly not limited to any particular protein or group of proteins, but may
on the contrary be any protein, of any size, function or origin, which one desires to select
and/or express by the methods described herein. Accordingly, several different polypeptides
of interest may be expressed/produced. As is outlined above, the term polypeptides include
proteins and/or peptides of any activity or bioactivity, including e.g. bioactive polypeptides
such as enzymatic proteins or peptides {e.g. proteases, kinases, phosphatases), receptor
proteins or peptides, transporter proteins or peptides, bactericidal and/or endotoxin-binding
proteins, structural proteins or peptides, immune polypeptides, toxins, antibiotics, hormones,
growth factors, vaccines or the like. Said polypeptide may be selected from the group
consisting of peptide hormones, interieukins, tissue plasminogen activators, cytokines,
immunoglobulins, in particular antibodies or functional antibody fragments or variants thereof.
In a most preferred embodiment the polypeptide is an immunoglobulin molecule or antibody,
or a functional variant thereof, for example a chimeric, or a partly or totally humanized
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/| MI'X sel ectign ﬂlder limting folic acid concentrations,
(aa) 0.1 nM — 500 nM;

(bb) 0,1 nM - 250 nM, preferably 2,5 nM — 250nM or 5 or 10nM — 250nM;

{cc) 0,inM - 150 nM, preferably 2,5 nM — 150 nM or 5 or 10 nM - 150 nM;

(dd) 1 nM - 100 nM; preferably 2,5 nM — 100 nM or 5 or 10 nM - 100 nM;
30 (ee) 1 nM-75nM; preferably 2,56 nM—-75nMor 5 or 10 nM - 75 nM;

(ff) 1 nM - 50 nM;

(gg) 2.5nM-50 nM; and/or

(hh) 12,5 nM—-50nM

35 and/or

{¢) it comprises the DHFR inhibitor, which is preferably an antifolate, in a concentration
selected from
(aa) 500 nM or less;
40 (bb) 400 nM or less;
(ccy 300 nM or less;
(dd) 250 nM or less;
(ee) 200 nM or less;
(f) 150 nM or less; and/or
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The indicated concentrations and concentration ranges for the folate and the DHFR inhibitor
can be combined with each other. The advantages and further preferred embodiments of
15 concentration ranges and suitable embodiments for folates and antifolates in the selective
culture medium were outlined in detail above in conjunction with the selection method
according to the present invention; it is referred to the above disclosure. Said selective
culture medium can be used in conjunction with the selection system of the present
invention.
20
The full contents of the texts and documents as mentioned herein are incorporated herein by
reference and thus form part of the present disclosure.

The following examples serve to illustrate the present invention without in any way limiting
25 the scope thereof. In particular, the examples relate to preferred embodiments of the present
invention.

EXAMPLES

30 In general, suitable materials, such as reagents, are familiar to the skilled person,
commercially available and can be used in accordance with the manufacturer’'s instructions.
The experiments were performed as described.

A transfection experiment in CHO cells is done using an expression vector containing
35 expression cassettes for expressing a monoclonal antibody as product of interest. As

selectable markers, a G418 resistence gene (NEO) and a DHFR gene are present on the

expression vector in seperate expression cassettes. This experiment demonstrates that the

selection with reduced MTX amounts under low folic acid conditions yields high producing

cell populations. As reference, standard selection conditions for DHFR are used, which use
40  higher MTX concentrations and folic acid in non-limiting amounts.

Example | - DHFR and limiting concentrations of folic acid
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elements, which are arranged in the same orientation on the expression vector:

CMV promoter/enhancer

Intron

Polynucleotide encoding the antibody light chain

Multiple cloning site

SV40 poly A site

CMV promoter/enhancer

Intron

Polynucleotide encoding the antibody heavy chain

Mutltiple cloning site

SV40 poly A site

SV40 enhancer/promoter

Neomycin phosphotransferase (neo)

Poly A site (synthetic)

Ampicillin resistance gene

SV40 promoter

DHFR mutant gene being less sensible to MTX than the DHFR wildtype

intron

Poly A site

1.2. Transfection and selection of CHO-cells

Cell cultivation, transfection and screening is carried out in shake flasks using a suspension
of growing CHO cells in a culture medium appropriate for CHO cells without FCS. Cells were
transfected with the expression vector by electroporation. In order to reduce intracellular folic
acid reservoirs in the host cells and to prevent co-transfer of folic acid from the pre-culture
medium to the selection medium, cells are passaged to folic acid free medium or medium
with reduced folic acid content (e.g. 50 nM) prior to the transfection and selection. Depending
on the cell viability, a first selection step is started 24-48 h after transfection by adding G418
and MTX containing selective culture medium to the cells. in a first selection step, three
different MTX (2.5, 5 and 10 nM) and folic acid concentrations (12.5, 25 and 50 nM) are
tested. As reference, a culture medium is used comprising non-limiting amounts of folic acid,
here 11.3uM - which corresponds to a standard concentration in the culture medium).

As soon as cells recover to a viability of above 80%, a second selection step is applied by
passaging the cells to G418 free medium containing the same amount of folic acid as in the
first selection step but 10 times as much MTX (i.e. 25, 50 and 100 nM). In case of the
reference culture conditions, 500 nM MTX is added to the cells.

1.3. Determination of pool productivity
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25 Table 1 summarizes the productivity results obtained:

Selection Medium Productivity
mAb {mg/L)

I. Test series without (w/o) MTX and low folic acid (FA)
concentrations (12.5 nM, 25 nM and 50 nM)

+ 0.8 g/L G418 16
+12.5 nM FA
+wfo MTX

+0.8 g/L G418 12
+ 25 nM FA
+wlo MTX

+ 0.8 g/l. G418 17
+50 nM FA
+wlo MTX

Il. Test series with a low MTX concentration {2,5 nM} and low folic
acid (FA) concentrations (12,5 nM, 25nM and 50 nM)

+ 0.8 g/L G418 12
+12.5 nMFA
+ 2.5 nM MTX
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Labn@ta (12.5 nM 25 nM and 50 nM
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gracid (FA)

ll. Test series with a low MTX concentration (5 nM) and low folic
acid (FA) concentrations (12.5 nM, 25 nM and 50 nM)

+0.8 g/l G418
+12.5 nM FA
+5nM MTX

12

+ 0.8 g/L G418
+ 25 nM FA
+5nMMTX

33

+ 0.8 g/L G418
+ 50 nM FA
+5 M MTX

16

IV. Test series with a low MTX concentration (10 nM) and low folic
acid (FA) concentrations {12.5 nM, 25 nM and 50 nM)

+ 0.8 g/l G418
+12.5nM FA
+ 10 nM MTX

205

+0.8g/lL G418
+ 25 nM FA
+10 nM MTX

30

+0.8 g/L G418
+ 50 nM FA
+ 10 nM MTX

23

V. Test series with non-limiting concentrations of folic acid {FA)
(11.3 pM) and different MTX concentrations (0; 2; 2,5; & and 10 nM)

+ 0.8 g/l G418
+11.3 UM FA
+ wio MTX

16

+0.8 g/L G418
+11.3 pM FA
+2.5nMMTX

11

+0.8 g/l G418
+11.3 UM FA
+ 5 nM MTX

16

+ 0.8 g/lL G418
+11.3 UM FA
+10 nM MTX

11

Tab. 1: Productivity of cell populations after 1% selection step.
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The results show that all cell populations produce antibodies. Addition of less than 10 nM
MTX does not show much effect on the cells even at low folic acid concentrations. The
concentration of produced antibody is comparable to selection in the absence of MTX.
However, when using 10 nM MTX in the first selection step, productivity of cells at low folic
acid concentrations increase significantly and in a concentration dependent manner. After
selection with the lowest folic acid concentration (12.5 nM) and 10 nM MTX, the productivity
of the cells is found to be more than 10 fold higher compared to medium with standard folic
acid concentration.

To further increase selection stringency, the next step is to remove G418 but to increase
MTX concentration in the culture medium by a factor of 10, while keeping the folic acid
concentration used in the first selection step. In case of the reference, MTX is added at a
high concentration as is common in the prior ant, here at 500 nM. Under these conditions,
viability of the cells of many transfected populations dramatically drops and stays at low
levels so that not all of them can be recovered. Cell populations that could be recovered are
further expanded and productivity is analyzed (Tab. 2}.

Selection Medium Productivity
mAb (mg/L

Test series with 10 nM MTX and low folic acid (FA) concentrations
{12.5 nM, 25 nM and 50 nM)

+ wfo G418 No recovery
+12.5 nM FA
+10 nM MTX

+ w/o G418 19
+25nM FA
+ 10 nM MTX

+ w/o G418 15
+ 50 nM FA
+10 nM MTX

Test series with 25 nM MTX and low folic acid (FA) concentrations
{12.5 nM, 25 nM and 50 nM)

+w/o G418 No recovery
+12.5 nM FA

+ 25 nM MTX

+ wfo G418 No recovery
+25nM FA

+ 25 nM MTX
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+w/o G418 277

+12.5 nM FA

+ 100 nM MTX

+w/o G418 131

+ 25 nM FA

+100 nM MTX

+wlo G418 16

+ 50 nM FA

+ 100 nM MTX

Test series with non-limiting concentration of folic acid (FA) {11.3

M) and a MTX concentration of 500 nM

+wlo G418 31

+11.3 uM FA

+ 500 nM MTX

+ wio G418 26

+11.3 yM FA

+ 500 nM MTX

+wl/o G418 21

+11.3 UM FA

+ 500 nM MTX

+w/o G418 25

+11.3 UM FA

+ 500 nM MTX

Tab. 2: Productivity of cell populations after 2nd selection step.

G418 and MTX selected cell populations are further selected by increasing the MTX

5  concentration. Recovered populations are analyzed in shake flask batch cultures. At day 13
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6. The nmet hod according to any one of clainms 1 to 6, wherein said
eukaryotic host cell is a CRC host cell, preferably a DHFR 1" (pl us)
cell. 7.The nethod according to any one of clains 1 to 6, wherein a
DHFR (plus) host cell is used in conjunction with an introduced DHFR
enzyne that is |less sensitive to M X than the DHFR enzyne
endogenousl y expressed by the host cell. 8. The nethod according to
any one of clains 1 to 7, wherein the pol ynucl eoti de encoding a
product of Interest and the pol ynucl eoti de encodi ng a DHFR enzyne
have been Introduced by at |east one expression vector. - 26 - 9.The
met hod according to any one of clains 1 to 8, wherein the host cel
conprises at |least two introduced pol ynubl eol i des encodi ng a product
of interest, wherein preferably at IeasE one pol ynucl eoti de encodes

t he heavy chain of an i rmunogi obul i n nol 8Zul e and the ot her

pol ynucl eoti de encodes the |ight chain of an imunogl obulin nol ecul e.
10. The net hod PHECUAMSGERIONG HE NVENRDN AkahERoli dws: 9, Wherein the

i ntroduced pol ynuct eoti de(s) encoding the product of interest and the
i ntroduced pol ynucl eoti de encoding the 0)-f FR enzyne are conpri sed
in different ekpresgietinddassetingst aad ond erxaiysiic b ceK PihRSSHgOR product of
cassette(s) f dntesstcomnging Resacttipyremwihideref the pol ynucl eoti de(s)

encodi ng the produg} ofprobiﬂih@égﬁ#am?mﬁdrﬁﬁo’sho%t &b AREST cd@uf&%&ﬁf o2 / or

enhancer than g, t
the. pol ynuc qué?&g%éﬁ%ﬁp%ﬁdﬁéﬁp@@%@%ﬁ%ﬁéngﬁ\?{g{ﬁ 's%!i@% r%fe hggégl%llg RSN a

produci ng a pro er.e Sk at ast the follow ng

st eps: ﬁa lr(’)tJrO fﬂnh";ﬁe gp @#3"“’59@4% P'BH %’iuﬁt@g‘mﬁr@ 8%i ng to any
one of clains 1 to 8" Pl @%?@W %ﬁm$@%%?H%ﬁ@n@Ekaryotlc host cel |
expressi ng the profflct °‘6W“’19rfi?@rpé‘§i‘“}’ ohfitaryotic host cqlipin acesfepiive ievflgreanediumast
one sel ected QRIS ehlIRestHd Gihibias piOHTR dedfolgtendilimiicarsnceitational | ow f or t he
expressi on of the {F odgdectimsfatlentt ermagtaryotitosbel erpdsiadhamainedi ingedt.0
claim1l, conprising at |east one of the foll ow ng steps: (a)

i sol ati ng t he Zr odttmenibd hetbrahe Glciafd O MG He &fktdve sdahrtewe@urﬁsdmpmgt

and/ or from saiHFranhioadr ¥ doficelRtibr & 840 n A O a folate mac&ﬁ%ntr%t%ﬁto 58M
processi ng theytesol ated product of interest. 13. T accordi ng

to claim1l or 12, wherein the product of interest is an

i mrunogl obul i ny ol unc a%}&ﬁ? hereof . 14. Use of a

sel ective cul t tﬁ” & ﬁﬁé‘ E%Og)gccad’ pz{{iﬁ% gﬁef%cévﬁ P”“l"rﬁ rigdilim comprises

concentration %%% F I]I‘?'e acey O528P 8YLr fers gpdfor HicpRyiges a folate in a

concentration °8‘I’°e§f§ffﬂﬁ‘l9f%? "zd® My a method according to any one of

claims 1 to 10. 15.The use according to claim 14, wherein the

sel ective cul thir e TEdPaYRE Raeordngde eny enerad dlaims 1 1o 3, wherein the selestive culture
medium comprises folic acid as folale in a concentration of 12,5 nM ~ 50 nM combined with

MTX as DHFR inhibitor In a concentration of 10 nld—~ 100 ni.

5. The method according to any one of claims 1 to 4, wherein the DHFR enzyme is a
DHFR enzyme having a lower sensifivity fo a DHFR inhibitor than the DHFR shayme
endogenously expressed by the host cell.

f. The method according to any ane of claims 1 to 5, whereln said aukaryolic hosi celf is
a CHO host cell, preferably a DHFR * {plus) cell,

7. The method according to any one of claims 1 to 6, wherein a DHFR * (plus) host cel] is
used in conjunction wiih an infroduced DHFR enzyme that is less sensltive to MTX than the
DHFR enzyme endogenously expressed by the host celf,

8, The method according to any one of claims 1 to 7, whereln the- polynuclectide
encoding a product of interest and the polynuclectide encoding a DHFR ehzyme have besn
Introduced by at least one expression vacior.



of the follow ng characteristics (a) the selective culture
medi um conprises folate in a limting concentration of 2.5 nM- 100
nM and/or the DHFR inhibitor in a concentration of 200nM or | ess;

and/ or

(b) the selective culture medi um conprises folic acid

in a concentration of 12.5 nM- 50 nM conbined with a concentration
of MIX of 10 nM - 100 nM

-26 -

2. The method according fo any one of claims 1 fo 8, wherein the host celf comprises at
least two introduced polynucleofides enceding a product of interest, whereln preferably at least
one polynucleotide encodes the heavy chain of an immunoglobulin molecule and the other
polynucleotide encodes the light ehaln of an immunoglobulin molecule.

10.  The method according to any ohe of claims 1 te 8, wherein the infreduced
polynucleotide(s) encoding the product of interest and the infrodused polynucleotide encoding
the DHFR enzyme are comprised in different expression casseftes and wherein the
expression cassette(s) for driving the expression of the polynucleotide(s) encoding the product
of inferest comprises a sironger promoter and/or enhancer than the expression cassette for
driving the expression of the polynucleotide encoding the DHFR enzyme.

11, Amethod for producing a product of interest, comprising at least the following steps:
{a) performing the setection method according fo any one of claims 1 {0 10 for
selecting at least one eukaryotic host cell expressing the product of interest; and
(b culturing at least one selectad eukaryolic host cell under conditions that allow
for the expression of the product of interest.

i2. The method aceording to claim 11, comprising at least one of the folfowing steps:

(a) isolating the product of interest from sald cell culture medium and/or from said
eukaryotic host cell; andfor

(b further processing the isolatad product of interest.

13. The method according o claim 11 or 12, whereln the product of interest is an
immunoglobulin molecule or a functional fragment thereo,

14, Use of a selective culture medium comprising a DHFR inhibitor i a conoentration of
500nM or less and a folate in a limiting concentration of 500nM or less in a mathod according
to any one of clalms 1 to 10,

15, The use according to claim 14, wherein the selective culture medium has one or more
of the following characteristics

{2) the selective culture medium comprises folate in a limiing concentration of 2.5
i ~ 100 nM andfor the DHFR inhibitor in a concentration of 200nM or less; andfor

{b} the selective culture medium comprises folic acid in a concentration of 12.5 nM
~ 50 nM combined with a concentration of MTX of 10 nM — 100 niM.



