EP 2 139 987 B9

(19)

(12)

(15)

(48)

(45)

(21)

(22)

Patent Office

e brvess (11) EP 2 139 987 B9

Europdisches
Patentamt
0’ European

CORRECTED EUROPEAN PATENT SPECIFICATION
Correction information: (51) IntCl.:
Corrected versionno 1 (W1 B1) C12N 5/00 (2006.01)
Corrections, see
Description Paragraph(s) 70 (86) International application number:
Claims EN PCT/US2008/061125

Numerous spelling errors of minor importance
(87) International publication number:

Corrigendum issued on: WO 2008/131375 (30.10.2008 Gazette 2008/44)
13.11.2013 Bulletin 2013/46

Date of publication and mention
of the grant of the patent:
03.07.2013 Bulletin 2013/27
Application number: 08746528.2

Date of filing: 22.04.2008

(54)

METHODS OF PROTEIN PRODUCTION USING ANTI-SENESCENCE COMPOUNDS
VERFAHREN ZUR PROTEINHERSTELLUNG MIT ANTISENESZENZ-VERBINDUNGEN
PROCEDES DE PRODUCTION DE PROTEINES UTILISANT DES COMPOSES ANTI-SENESCENCE

(84)

(30)

(43)

(73)

(72)

(74)

Designated Contracting States: (56) References cited:
AT BE BG CHCY CZDE DKEE ES FIFR GB GR WO0-A-92/09298 WO-A-2006/026447
HRHUIEISITLILT LULV MC MT NL NO PL PT WO-A-2007/050498
RO SE SI SK TR
* YIM SU-BIN ET AL: "CONSTRUCTION AND

Priority: 23.04.2007 US 913382 P PRODUCTION OF CONCATAMERIC HUMAN TNF

RECEPTOR-IMMUNOGLOBULIN FUSION
Date of publication of application: PROTEINS" JOURNAL OF MICROBIOLOGY AND
06.01.2010 Bulletin 2010/01 BIOTECHNOLOGY, KOREAN SOCIETY FOR

APPLIED MICROBIOLOGY, SEOUL, KO, vol. 14,
Proprietor: Wyeth LLC no. 1,1 February 2004 (2004-02-01), pages 81-89,
Madison, NJ 07940 (US) XP009080067 ISSN: 1017-7825

¢ HIPKISS AR ET AL: "Pluripotent protective

Inventors: effects of carnosine, a naturally occurring
GOMES, Jose, Manuel dipeptide” ANNALS OF THE NEW YORK
Chelmsford, MA 01824 (US) ACADEMY OF SCIENCES; TOWARDS
LUAN, Yen-tung PROLONGATION OF THE HEALTHY LIFE SPAN:
Chelmsford, MA 01824 (US) PRACTICAL APPROACHES TO INTERVENTION
HILLER, Gregory, Walter NEWYORKACADEMY OF SCIENCES{A},2EAST
Wakefield, MA 01880 (US) 63RD STREET, NEW YORK, NEW YORK 10021,
WANG, Wenge USA SERIES : ANNALS OF THE NEW YORK
North Chelmsford, MA 01863 (US) ACADEM, 1998, pages 37-53, XP002484566 &

SEVENTH CONGRESS OF THE INTERNATIONAL
Representative: Pfizer ASSOCIATION OF BIOMEDICAL
European Patent Department GERONTOLOGY; ADELAIDE, AUSTRALIA;
23-25 avenue du Docteur Lannelongue AUGUST 15-18, 1997 ISSN: 1-57331-109-X
75668 Paris Cedex 14 (FR) 1-57331-108-1

Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been

paid.

(Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)



1 EP 2 139 987 B9 2

Description
CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application is copending with, shares at
least one common inventor with, and claims priority to
United States provisional patent application number
60/913,382, filed April 23, 2007.

BACKGROUND OF INVENTION

[0002] This disclosure relates generally to the produc-
tion of proteins in mammalian cell cultures. Particularly
this disclosure relates to culturing mammalian cells in the
presence of an anti-senescence compound, e.g. carno-
sine, to maintain viability and increase productivity with
superior quality. Culturing cells has produced many pro-
tein products. These products, such as hybridoma-pro-
duced monoclonal antibodies, can be used for therapeu-
tic, research or other applications. Animal cells, notably
mammalian cells, are often used to produce proteins.
Unfortunately, using animal cells causes the production
process to be time consuming and costly.

[0003] Adding a chemical agent to a cell culture medi-
um can increase cell productivity by inducing cells to pro-
duce a product, thereby increasing overall yield. The op-
timal agent to use varies depending on a number of fac-
tors, including the desired protein product and cell type.
Similar factors also affect the amount of the chosen agent
added and when the agent is added to the cell culture
medium. Examples of agents are alkanoic acids or salts,
urea derivatives, or dimethylsulphoxide (DMSO). Chem-
ical agents, such as sodium butyrate, can have diverse
effects on protein production. The addition of an agent
can increase the specific productivity of the cells, but
also have cytotoxic effects and can inhibit cell growth and
viability.

[0004] As cells produce a protein, typically, the protein
is secreted into the cell culture medium. The specific pro-
tein, however, is not the only matter in the medium; high
molecular weight aggregates, acidic species, and other
materials are also often in the medium, which can make
the process of purification more laborious and costly.
Techniques and methods are available to improve prod-
uct quality, enabling more efficient protein purification;
including, among others, altering the conditions of the
bioreactor or using a different cell line. However, there
nevertheless remains a need in the field for protein pro-
duction techniques and methods that lead to improved
purification processes.

[0005] Therefore, whatis needed is a chemical agent
that is added to the cell culture medium that can enhance
the expression of a protein of interest while maintaining
high cell viability. What is further needed is an agent that
increases the product quality of the protein by decreasing
the amount of high molecular weight aggregates and
acidic species in the cell culture medium.
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SUMMARY OF THE INVENTION

[0006] In certain embodiments, the present disclosure
relates to a process for enhanced production of a protein
product. For example, in certain embodiments, the
presentinvention provides methods of culturing host cells
expressing a protein of interest in a medium comprising
an anti-senescence compound such that overall produc-
tion of the protein of interest is enhanced. In certain em-
bodiments, such an anti-senescence compound com-
prises carnosine.

[0007] In certain embodiments, the present invention
provides compositions that enhance production of a pro-
tein of interest. Any of a variety of proteins may be pro-
duced in accordance with the methods and compositions
of the present invention. For example, in certain embod-
iments, methods and compositions of the present inven-
tion are used to produce an antibody. In certain embod-
iments, methods and compositions of the present inven-
tion are used to produce a receptor, optionally linked to
one or more additional protein moieties For example,
methods and compositions of the present invention may
be used to produce a TNFR fusion protein.

[0008] In certain embodiments, the present invention
provides a cell culture medium comprising an anti-senes-
cence compound that enhances production of a protein
of interest expressed in a host cell wherein said antise-
nescence compound is selected from the group consist-
ing of carnosine, acetylcarnosine, homocarnosine, an-
serine and betaalanine. In certain embodiments, such an
anti-senescence compound comprises carnosine. In cer-
tain embodiments, genetically manipulated host cells are
combined with an inoculum medium to form a cell culture
medium, which is grown in a bioreactor. During a pro-
duction run of the desired protein product, conditions of
the bioreactor may be altered and/or supplements may
be added in order to increase the productivity and/or
maintain viability Supplements may include a feed me-
dium and/or one or more additives such as in the instant
disclosure, carnosine and/or other anti-senescence com-
pounds selected from acetylcarnosine, homocarnosine,
anserine and betaalanine.

[0009] Mammalian host cells, for example, Chinese
hamster ovary (CHO) cells, can experience a reduction
in viability neanng the end of a production run in a bio-
reactor. It has been discovered that the addition of an
anti-senescence agent, such as carnosine and analogs
thereof, to a cell culture medium helps maintain a higher
viable cell number and cell viability until the protein is
harvested.

[0010] In addition, methods forincreasing productivity,
such as altering the temperature after the growth phase
and/or during the production phase of the production run
may be used in accordance with the present invention.
To give but one example, during the production of a pro-
tein product, specifically the antibody for growth differ-
entiation factor-8 (GDF-8), the temperature was shifted
downwards to help initiate and increase the productivity.
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In certain embodiments, addition of an anti-senescence
compound such as carnosine helps increase the produc-
tivity of the cell culture. In certain embodiments, an anti-
senescence compound selected from the group consist-
ing of carnosine, acetylcarnosine, homocarnosine, an-
serine and betaalanine may be added before, during
and/or after such a temperature shift.

[0011] It has also been discovered that the addition of
an anti-senescence compound such as carnosine to a
cell culture medium increases the overall quality of pro-
tein product. During the production of the protein, high
molecular weight aggregates, along with other unwanted
species, are in the cell culture medium. The addition of
carnosine decreases the amount of high molecular ag-
gregates and increases product quality.

[0012] The concentration of anti-senescence com-
pound (e.g., carnosine) added to the cell culture medium
can vary depending on many factors of the process, in-
cluding, for example, the cell type, the desired product,
and the conditions of the bioreactor, among others. Also,
carnosine can be substituted with its analogues; acetyl-
carnosine, homocarnosine, anserine, and beta-alanine.
In certain embodiments, carnosine is provided in com-
bination with one or more other anti-senescence com-
pounds. In certain embodiments, the concentration of an-
ti-senescence agent (e.g., carnosine) in a cell culture me-
dium is about 5 mM to about 100 mM. In certain embod-
iments, the concentration is about 10 mM to about 40
mM. In certain embodiments, the concentration is about
20 mM.

[0013] Any suitable culture procedures and inoculum
medium may be used to culture the cells in the process
of protein production. Both serum and serum free media
may be used. In addition, culturing methods may be used
to culture the cells as appropriate for the specific cell type
and protein product. Such procedures are known and
understood by those of ordinary skill in the cell culture art.
[0014] Other features and advantages of the disclo-
sure will be apparent from the following description, and
from the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] Figure 1a. Effect of Carnosine on Acidic Peaks
for MYO-29.
[0016] Figure 1 b. Effect of Carnosine on High Molec-

ular Weight Aggregates.

[0017] Figure 1c. Effect of Carnosine Additions on Dif-
ferent Days on Acidic Peaks.

[0018] Figure 1d. Effect of Carnosine Additions on Dif-
ferent Days on High Molecular Weight Aggregates.

[0019] Figure 2a. Effect of Carnosine on Daily Viable
Cell Density.

[0020] Figure 2b. Effect of Carnosine on Daily Cell Vi-
ability.

[0021] Figure 2c. Effect of Carnosine on Daily Titer.
[0022] Figure 2d. Effect of Carnosine on Cumulative

Specific Cellular Productivity. The bars on days 12 and
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14 represent, from left to right: Control A D10 Feed, 20
mM Carnosine D10 Feed, Control B D10 Feed, 20 mM
Carnosine (No D10 Feed), and Control C (No D10 Feed).
[0023] Figure 2e. Effect of Carnosine on High Molec-
ular Weight Aggregates. The bars on days 12 and 14
represent, from left to right: Control A D10 Feed, 20 mM
Carnosine D10 Feed, Control B D10 Feed, 20 mM Car-
nosine (No D10 Feed), and Control C (No D10 Feed).
[0024] Figure 3a. Effect of Different Concentrations of
Carnosine on Viable Cell Density.

[0025] Figure 3b. Effect of Different Concentrations of
Carnosine on Daily Cell Viability.

[0026] Figure 3c. Effect of Different Concentrations of
Carnosine on Daily Titer.

[0027] Figure 3d. Effect of Different Concentrations of
Carnosine on Cumulative Specific Cellular Productivity.
The bars represent, from left to right: Control P2, Control
P5, 20 mM Carnosine, and 40 mM Carnosine.

[0028] Figure 3e. Effect of Different Concentrations of
Carnosine on High Molecular Weight Aggregates. The
bars represent, from left to right: Control P2, Control P5,
20 mM Carnosine, and 40 mM Carnosine.

[0029] Figure 4. Viable Cell Density Profiles of a Chi-
nese Hamster Ovary (CHO) Cell Line Producing Recom-
binant TNFR Fusion Protein Grown in Media Containing
or Lacking Carnosine. The Control Condition is the Av-
erage of 4 Control Bioreactor Runs.

[0030] Figure 5. Cell Viability Profiles of a Chinese
Hamster Ovary (CHO) Cell Line Producing Recombinant
TNFR Fusion Protein Grown in Media Containing or
Lacking Carnosine. The Control Condition is the Average
of 4 Control Bioreactor Runs.

[0031] Figure 6. Effect of Carnosine on the Percentage
of Aggregated/Misfolded TNFR Fusion Protein. The Con-
trol Condition is the Average of 4 Control Bioreactor
Runs.

[0032] Figure 7. Effect of Carnosine on the Percentage
of High Molecular Weight (HMW) Aggregates Produced
by a Chinese Hamster Ovary (CHO) Cell Line Producing
Recombinant TNFR Fusion Protein. The Control Condi-
tion is the Average of 4 Control Bioreactor Runs.
[0033] Figure 8. Product Titer Profiles of a Chinese
Hamster Ovary (CHO) Cell Line Producing Recombinant
TNFR Fusion Protein Grown in Media Containing or
Lacking Carnosine. The Control Condition is the Average
of 4 Control Bioreactor Runs.

[0034] Figure 9. Specific Cellular Productivity Profiles
of a Chinese Hamster Ovary (CHO) Cell Line Producing
Recombinant TNFR Fusion Protein Grown in Media Con-
taining or Lacking Carnosine. The Control Condition is
the Average of 4 Control Bioreactor Runs.

[0035] Figure 10. Total Sialylation Profiles, Expressed
as a Percentage of the Reference Material, of Recom-
binant TNFR Fusion Protein Produced by a Chinese
Hamster Ovary (CHO) Cell Line Grown in Media Con-
taining or Lacking Carnosine. The Control Condition is
the Average of 4 Control Bioreactor Runs.

[0036] Figure 11. Distribution of Sialylated N-linked OI-
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igosaccharides, Expressed as a Percentage of Total N-
Linked Oligosaccharides, of Recombinant TNFR Fusion
Protein Produced by a Chinese Hamster Ovary (CHO)
Cell Line Grown in Media Containing or Lacking Carno-
sine. The Control Condition is the Average of 4 Control
Bioreactor Runs.

DEFINITIONS

[0037] Following long-standing convention, the terms
"a" and "an" mean "one or more" when used in this ap-
plication, including the claims. Even though the invention
has been described with a certain degree of particularity,
it is evident that many alternatives, modifications, and
variations will be apparent to those skilled in the art in
light of the disclosure. Accordingly, it is intended that all
such alternatives, modifications, and variations, which
fall within the spirit and scope of the invention, be em-
braced by the defined claims.

[0038] Theterm"anti-senescence compound" as used
herein refers to a compound selected from the group con-
sisting of carnosine, acetylcarnosine, homocarnosine,
anserine and betaalanine that, when added to a cell cul-
ture, promotes viability; growth, and/or lifespan of a cell
grown therein. In certain embodiments, use of such an
anti-senescence compound in cell culture results in in-
creased titer, increased cell specific productivity, de-
creased accumulation of high molecular weight aggre-
gates, and/or decreased accumulation of acidic species
than would be observed under otherwise identical culture
conditions that lack the anti-senescence compound. In
certain embodiments, two or more anti-senescence com-
pounds may be used in accordance with compositions
and methods of the present invention.

[0039] The phrase "host cell" refers to cells which are
capable of being genetically manipulated and/or are ca-
pable of growth and survival in a cell culture medium.
Typically, the cells can express a large quantity of an
endogenous or heterologous protein of interest and can
either retain the protein or secrete it into the cell culture
medium.

[0040] Host cells are typically "mammalian cells,"
which comprise the nonlimiting examples of vertebrate
cells, including baby hamster kidney (BHK), Chinese
hamster ovary (CHO), human kidney (293), normal fetal
rhesus diploid (FRhL-2), and murine myeloma (e.g.,
SP2/0 and NSO) cells. One of ordinary skill in the art will
be aware of other host cells that may be used in accord-
ance with methods and compositions of the present in-
vention. Human embryonic stern cell are excluded from
the present invention.

[0041] The term "cell culture medium" refers to a solu-
tion containing nutrients to support cell survival under
conditions in which cells can grow and produce a desired
protein. The phrases "inoculation medium" or "inoculum
medium" refer to a solution or substance containing nu-
trients in which a culture of cells is initiated. In certain
embodiments a "feed medium" contains similar nutrients
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as the inoculation medium, but is a solution or substance
with which the cells are fed after initiation of the culture.
In certain embodiments, a feed medium contains one or
more components not present in an inoculation medium.
In certain embodiments, a feed medium lacks one or
more components present in an inoculation medium. A
person of ordinary skill in the cell culture art will know
without undue experimentation what components make-
up the inoculation and feed mediums. Typically, these
solutions provide essential and non-essential amino ac-
ids, vitamins, energy sources, lipids, and trace elements
required by a cell for growth and survival. In certain em-
bodiments, an inoculation medium, a feed medium or
both comprise an anti-senescence compound.

[0042] The term "cell culture characteristic" as used
herein refers to an observable and/or measurable char-
acteristic of a cell culture. Methods and compositions of
the present invention are advantageously used to im-
prove one or more cell culture characteristics. In certain
embodiments, improvement of a cell culture character-
istic comprises increasing the magnitude of a cell culture
characteristic. In certain embodiments, improvement of
a cell culture characteristic comprises decreasing the
magnitude of a cell culture characteristic. As non-limiting
examples, a cell culture characteristic may be titer, cell
specific productivity, cell viability, integrated viable cell
density, accumulation of high molecular weight aggre-
gates, and/or accumulation of acidic species. One of or-
dinary skill in the art will be aware of other cell culture
characteristics that may be improved using methods and
compositions of the present invention.

[0043] The term "defined medium" as used herein re-
fers to a medium in which the composition of the medium
is both known and controlled. Defined media do not con-
tain complex additives such as serum or hydrolysates
that contain unknown and/or uncontrolled components.
[0044] The term "complex medium" as used herein re-
fers to a medium that contains at least one component
whose identity or quantity is either unknown or uncon-
trolled.

[0045] The phrase "cell line" refers to, generally, pri-
mary host cells that express a protein of interest. In some
embodiments, the cells have been transfected with ex-
ogenous DNA coding for a desired protein and/or con-
taining control sequences that activate expression of
linked sequences, whether endogenous or heterologous.
In certain embodiments, cells derived from such geneti-
cally modified cells form a cell line and are placed in a
cell culture medium to grow and produce the protein prod-
uct. In certain embodiments, a cell line comprises primary
host cells that have not been transfected with exogenous
DNA and express an endogenous protein of interest.
[0046] The "growth phase" of a cell culture medium
refers to the period when the cells are undergoing rapid
division and growing exponentially, or close to exponen-
tially. Typically, cells are cultured in conditions optimized
for cell growth for generally 1-4 days. Growth phase con-
ditions may include a temperature at about 35°C to 42°C,
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generally about 37°C. The length of the growth phase
and the culture conditions in the growth phase can vary
but are generally known to a person of ordinary skill in
the cell culture art. In certain embodiments, a cell culture
medium in a growth phase is supplemented with a feed
medium.

[0047] The "transition phase" occurs during the period
when the cell culture medium is being shifted from con-
ditions consistent with the growth phase to conditions
consistent with the production phase. During the transi-
tion phase, factors like temperature, among others, are
often changed. In certain embodiments, a cell culture me-
dium in a transition phase is supplemented with a feed
medium.

[0048] The "production phase" occurs after both the
growth phase and the transition phase. The exponential
growth of the cells has ended and protein production is
the principal objective. The cell culture medium can be
supplemented to initiate production. In certain embodi-
ments, a cell culture medium in a production phase is
supplemented with a feed medium. In addition, the tem-
perature of the cell culture medium during the production
phase may be lower, generally, than during the growth
phase, which typically encourages production. The pro-
duction phase continues until a desired endpoint is
achieved.

[0049] The phrase "viable cell density" refers to the
total number of cells that are surviving in the cell culture
medium in a particular volume, generally per ml. The
phrase "cell viability" refers to number of cells, which are
alive compared to the total number of cells, both dead
and alive, expressed as a percentage.

[0050] Integrated Viable Cell Density", "IVCD": The
terms "integrated viable cell density" or "IVCD" as used
herein refer to the average density of viable cells over
the course of the culture multiplied by the amount of time
the culture has run. When the amount of protein produced
is proportional to the number of viable cells present over
the course of the culture, integrated viable cell density is
a useful tool for estimating the amount of protein pro-
duced over the course of the culture.

[0051] The term "high molecular weight aggregates”
refers to generally mis-folded proteins or an improper
association of at least two polypeptides. The association
may arise by any method including, but not limited to,
covalent, non-covalent, disulfide, or nonreducible cross
linking. In certain embodiments, methods and composi-
tions of the presentinvention are advantageously utilized
to reduce the accumulation of high molecular weight ag-
gregates.

[0052] The phrase "antioxidant" refers to a compound
that can prevent oxidative damage to lipids, proteins,
DNA and other essential macromolecules by blocking
free radicals.

[0053] "Therapeutic protein": A "therapeutic protein" is
aprotein or peptide thathas a biological effect on aregion
in the body on which it acts or on a region of the body on
which it remotely acts via intermediates. A therapeutic
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protein can be, for example, a secreted protein, such as,
an antibody, an antigen-binding fragment of an antibody,
a soluble receptor, a receptor fusion, a cytokine, a growth
factor, an enzyme, or a clotting factor, as described in
more detail herein below. The above list of proteins is
merely exemplary in nature, and is not intended to be a
limiting recitation. One of ordinary skill in the art will un-
derstand that any protein may be used in accordance
with the present invention and will be able to select the
particular protein to be produced based as needed.
[0054] As used in the specification, the terms polypep-
tide, protein and peptide are synonymous and are used
interchangeably. Accordingly, as used herein, the size
of a protein, peptide or polypeptide generally comprises
more than 2 amino acids. For example, a protein, peptide
or polypeptide can comprise from about 2 to about 20
amino acids, from about 20 to about 40 amino acids, from
about 40 to about 100 amino acids, from about 100 amino
acids to about 200 amino acids, from about 200 amino
acids to about 300 amino acids, and so on.

[0055] As used herein, an amino acid refers to any nat-
urally occurring amino acid, any amino acid derivative or
any amino acid mimic known in the art. In certain em-
bodiments, the residues of the protein or peptide are se-
quential, without any non-amino acid interrupting the se-
quence of amino acid residues. In other embodiments,
the sequence may comprise one or more non-amino acid
moieties. In particular embodiments, the sequence of
residues of the protein or peptide may be interrupted by
one or more non-amino acid moieties.

[0056] "Antibody": The term "antibody" is used to refer
to any antibody-like molecule that has an antigen binding
region, and includes antibody fragments such as Fab’,
Fab, F(ab’).sub.2, single domain antibodies (DABSs), Fv,
scFv (single chain Fv), and the like. Techniques for pre-
paring and using various antibody-based constructs and
fragments are well known in the art. Means for preparing
and characterizing antibodies are also well known in the
art(See, e.g., Harlow and Lane, Antibodies: A Laboratory
Manual, Cold Spring Harbor Laboratory, 1988; ). For ex-
ample, an antibody can include at least one, and pref-
erably two full-length heavy chains, and at least one, and
preferably two light chains. The term "antibody" as used
herein includes an antibody fragment or a variant mole-
cule such as an antigen-binding fragment (e g., an Fab,
F(ab’)2, Fv, a single chain Fv fragment, a heavy chain
fragment (e g., a camelid VHH) and a binding domain-
immunoglobulin fusion (e.g.. SMIP™).

[0057] The antibody can be a monoclonal or single-
specificity antibody. The antibody can also be a human,
humanized, chimeric, CDR-grafted, or in vitro generated
antibody. In yet other embodiments, the antibody has a
heavy chain constant region chosen from, e.g., 1I9G1,
1gG2, 1gG3, or IgG4. In another embodiment, the anti-
body has a light chain chosen from, e.g., kappa or lamb-
da. In one embodiment, the constant region is altered, e
g., mutated, to modify the properties of the antibody (e.g.,
to increase or decrease one or more of: Fcreceptor bind-
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ing, antibody glycosylation, the number of cysteine res-
idues, effector cell function, or complement function).
Typically, the antibody specfically binds to a predeter-
mined antigen, e g., an antigen associated with a disor-
der, e g., a neurodegenerative, metabolic, inflammatory,
autoimmune and/or a malignant disorder.

[0058] Small Modular ImmunoPharmaceuticals
(SMIP™) provide an example of a variant molecule com-
prising a binding domain polypeptide. SMIPs and their
uses and applications are disclosed in, e.g., U.S. Pub-

lished Patent Application. Nos 2003/0118592,
2003/0133939, 2004/0058445, 2005/0136049,
2005/0175614, 2005/0180970, 2005/0186216,
2005/0202012, 2005/0202023, 2005/0202028,

2005/0202534, and 2005/0238646, and related patent
family members thereof.

[0059] Single domain antibodies can include antibod-
ies whose complementary determining regions are part
of a single domain polypeptide. Examples include, but
are not limited to, heavy chain antibodies, antibodies nat-
urally devoid of light chains, single domain antibodies
derived from conventional 4-chain antibodies, engi-
neered antibodies and single domain scaffolds other than
those derived from antibodies. Single domain antibodies
may be any of the art, or any future single domain anti-
bodies. Single domain antibodies may be derived from
any species including, but not limited to mouse, human,
camel, llama, goat, rabbit, bovine. According to one as-
pect of the invention, a single domain antibody as used
herein is a naturally occurring single domain antibody
known as heavy chain antibody devoid of light chains.
Such single domain antibodies are disclosed in WO
9404678 for example. For clarity reasons, this variable
domain derived from a heavy chain antibody naturally
devoid of light chain is known herein as a VHH or nano-
body to distinguish it from the conventional VH of four
chain immunoglobulins. Such a VHH molecule can be
derived from antibodies raised in Camelidae species, for
example in camel, llama, dromedary, alpaca and guan-
aco. Other species besides Camelidae may produce
heavy chain antibodies naturally devoid of light chain;
such VHHSs are within the scope of the invention.
[0060] Examples of binding fragments encompassed
within the term "antigen-binding fragment" of an antibody
include (i) a Fab fragment, a monovalent fragment con-
sisting of the VL, VH, CL and CH1 domains; (ii) a F(ab’)
2 fragment, a bivalent fragment comprising two Fab frag-
ments linked by a disulfide bridge at the hinge region; (iii)
a Fd fragment consisting of the VH and CH1 domains;
(iv) a Fv fragment consisting of the VL and VH domains
of a single arm of an antibody, (v) a dAb fragment, which
consists of a VH domain; (vi) a camelid or camelized
variable domain, e.g., a VHH domain; (vii) a single chain
Fv (scFv); (viii) a bispecific antibody; and (ix) one or more
fragments of an immunoglobulin molecule fused to an Fc
region. Furthermore, although the two domains of the Fv
fragment, VL and VH, are coded for by separate genes,
they can be joined, using recombinant methods, by a
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synthetic linker that enables them to be made as a single
protein chain in which the VL and VH regions pair to form
monovalent molecules (known as single chain Fv (scFv);
see, e.g., Bird et al. (1988) Science 242:423-26; Huston
et al. (1988) Proc. Natl. Acad. Sci. U.S.A. 85:5879-83).
Such single chain antibodies are also intended to be en-
compassed within the term "antigen-binding fragment"
of an antibody. These antibody fragments are obtained
using conventional techniques known to those skilled in
the art, and the fragments are evaluated for function in
the same manner as are intact antibodies.

[0061] Otherthan "bispecific" or "bifunctional” antibod-
ies, an antibody is understood to have each of its binding
sites identical. A "bispecific" or "bifunctional antibody" is
an artificial hybrid antibody having two different heavy/
light chain pairs and two different binding sites. Bispecific
antibodies can be produced by a variety of methods in-
cluding fusion of hybridomas or linking of Fab’ fragments.
See, e.g., Songsivilai & Lachmann, Clin. Exp. Immunol.
79:315-321 (1990); Kostelny et al., J. Immunol. 148,
1547-1553 (1992).

[0062] The phrase "bioreactor" refers to a vessel in
which a cell culture medium can be contained andinternal
conditions of which can be controlled during the culturing
period, e.g., pH and temperature.

[0063] A "fed batch culture" refers to a method of cul-
turing cells in which cells are first inoculated in a biore-
actor with an inoculum medium. The cell culture medium
is then supplemented at one or more points throughout
the production run with a feed medium containing nutri-
tional components and/or other supplements.

[0064] A "batch culture" refers to a method of culturing
cells in which cells are inoculated in a bioreactor with all
the necessary nutrients and supplements for the entirety
of the production run. No nutrient additions are made to
the cell culture medium throughout the duration of the
production.

[0065] A "perfusion culture" refers to a method of cul-
turing cells that is different from a batch or fed-batch cul-
ture method, in which the culture is not terminated, or is
not necessarily terminated, prior to isolating and/or puri-
fying an expressed protein of interest, and in which new
nutrients and other components are periodically or con-
tinuously added to the culture, during which the ex-
pressed protein is periodically or continuously harvested.
The composition of the added nutrients may be changed
during the course of the cell culture, depending on the
needs of the cells, the requirements for optimal protein
production, and/or any of a variety of other factors known
to those of ordinary skill in the art.

[0066] The phrase "expression" refers to the transcrip-
tion and the translation that occurs within a host cell. The
level of expression relates, generally, to the amount of
protein being produced by the host cell.

[0067] "Cell specific productivity", and the like, refer to
the specific, as in per cell, product expression rate. The
cell specific productivity is generally measured in micro-
grams of protein produced per 106 cells per day or in
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picograms of protein produced per 106 cells per day.
[0068] Theterm "titer" as used herein refers to the total
amount of recombinantly expressed protein produced by
a cell culture in a given amount of medium volume Titer
is typically expressed in units of milligrams or micrograms
of protein per milliliter of medium.

[0069] One of skill in the art will recognize that the
methods disclosed herein may be used to culture many
of the well-known mammalian cells routinely used and
cultured in the art, i.e., the methods disclosed herein are
not limited to use with only the instant disclosure.

DETAILED DESCRIPTION OF CERTAIN EMBODI-
MENTS OF THE INVENTION

[0070] It has been discovered that using an anti-se-
nescence compound such as carnosine modifies the vi-
ability and productivity of a cell culture. For example, ad-
dition of carnosine maintains cell viability, and improves
productivity of cells, and improves product quality of the
desired protein product Carnosine is an antioxidant and
an anti-senescence compound that is also a naturally
occurring dipeptide present at high levels (up to 20 mM)
in muscle and nerve tissues in animals. Being an anti-
oxidant, carnosine also is a free radical scavenger and
glycation inhibitor. Generally, carnosine transforms re-
active species into non-reactive species thereby protect-
ing proteins, DNA, and other essential macromolecules.
As an anti-senescence compound, carnosine can extend
the lifespan of human diploid fibroblasts and human fetal
lung (primary cell lines) at a concentration of 20 mM in
culture media. The present invention encompasses the
surprising finding that it is advantageous to use an anti-
senescence compound selected from the group consist-
ing of carnosine, acetylcarnosine, homocarnosine, anti-
serine and betaalanine in cell culture to produce a protein
of interest. In certain embodiments, using such an anti-
senescence compound in cell culture to produce a pro-
tein of interestresults in one or more improved cell culture
characteristics including, but not limited to, increased tit-
er, increased cell specific productivity, decreased accu-
mulation of high molecular weight aggregates, and/or de-
creased accumulation of acidic species.

[0071] It has been demonstrated that carnosine is cy-
totoxic to human or rodent transformed and neoplastic
cells in Minimal Essential Medium (MEM, Sigma), which
has lower glucose levels, but not in Dulbecco’s Modified
Eagle’s Medium (DMEM, Sigma), which contains 1mM
pyruvate. (Holliday et al, Biochemistry (Moscow), 65:
843-848,846). In addition, dialyzed fetal calf serum with
low molecularweight compounds removed increased the
cytotoxic effects of carnosine. /d. It was also determined
that 1mM oxaloacetate and 1 mM of a-ketoglutarate had
comparable effects as pyruvate, neither of which are
components of the inoculum or feed mediums used with
the carnosine examples. /d. Sodium pyruvate, however,
is an original component in the inoculum medium at a
concentration of 0.5 mM, not for carnosine additions but
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rather to better mimic in vivo conditions in a bioreactor
system and as a potential alternate energy source. The
inoculum medium is also serum free, which would imply
that carnosine would have cytotoxic effects. According
to the reference, the addition of carnosine to a cell culture
medium would have similar cytotoxic effects as seen in
the MEM medium in Holliday. By utilizing methods and/or
compositions of the present invention, such cytotoxicity
is reduced or eliminated and cell viability and protein pro-
duction are improved.

[0072] In certain embodiments, carnosine is provided
in a cell culture medium at a concentration of between
about 5 mM and about 100 mM In certain embodiments,
carnosine is provided in a cell culture medium at a con-
centration of about 10 mM to about 40 mM, for example
at a concentration of about 20 mM. In certain embodi-
ments, carnosine is provided in a cell culture medium at
a concentration of about 5, 6, 7, 8, 9, 10, 11, 12, 13, 14,
15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29,
30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44,
45, 46, 47, 48, 49, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95,
100 mM, or higher. In certain embodiments, such con-
centrations of carnosine are achieved in cell culture by
adding carnosine at multiple times during the cell culture
process, for example, in one or more feed media. The
concentration of carnosine utilized depends on the cell
culture medium and the cell line being used, among other
factors, including the desired effects being sought on the
cell line or product. Analogs of carnosine, e.g. acetyl-
carnosine, homo-carnosine, anserine, and beta-alanine,
may also be provided in a cell culture medium for a similar
effect. One or more of these analogs may be provided in
a cell culture medium. In certain embodiments, such ana-
logs are provided in a cell culture medium that lacks car-
nosine. In certain embodiments, such analogs are pro-
vided in a cell culture medium in combination with car-
nosine. In certain embodiments, such analogs are pro-
vided at a concentration of about 5,6, 7, 8,9, 10, 11, 12,
13,14, 15,16, 17, 18, 19, 20, 21, 22, 23. 24, 25, 26, 27,
28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42,
43,44, 45, 46, 47, 48, 49, 50, 55, 60, 65, 70, 75, 80, 85,
90, 95, 100 mM, or higher.

[0073] In certain embodiments, in order to produce a
protein of interest, initially, host cells are transfected or
transformed with exogenous DNA coding for a protein to
supply transformed cells, which constitutively produce
the desired protein product. In certain embodiments, a
nucleic acid molecule introduced into the cell encodes
the protein desired to be expressed according to the
presentinvention. In certain embodiments, a nucleic acid
molecule contains a regulatory sequence or encodes a
gene product that induces or enhances the expression
of the desired protein by the cell. As a non-limiting ex-
ample, such a gene product may be a transcription factor
that increases expression of the protein of interest.
[0074] In certain embodiments, a nucleic acid that di-
rects expression of a protein is stably introduced into the
host cell. In certain embodiments, a nucleic acid that di-
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rects expression of a protein is transiently introduced into
the host cell. One of ordinary skill in the art will be able
to choose whether to stably or transiently introduce the
nucleic acid into the cell based on experimental, com-
mercial or other needs.

[0075] A gene encoding a protein of interest may op-
tionally be linked to one or more regulatory genetic control
elements. In some embodiments, a genetic control ele-
ment directs constitutive expression of the protein. In
some embodiments, a genetic control element that pro-
vides inducible expression of a gene encoding the protein
of interest can be used. Use of an inducible genetic con-
trol element (e.g., an inducible promoter) allows for mod-
ulation of the production of the protein in the cell. Non-
limiting examples of potentially useful inducible genetic
control elements for use in eukaryotic cells include hor-
mone- regulated elements (see e.g., Mader, S. and
White, J.H., Proc. Natl. Acad. Sci. USA 90:5603-5607,
1993), synthetic ligand-regulated elements (see, e.g.
Spencer, D.M. etal., Science 262:1019-1024, 1993) and
ionizing radiation-regulated elements (see e.g., Ma-
nome, Y. et al., Biochemistry 32:10607-10613, 1993;
Datta, R. et al.,, Proc. Natl. Acad. Sci. USA 89:
10149-10153, 1992). Additional cell-specific or other reg-
ulatory systems known in the art may be used in accord-
ance with methods and compositions described herein.
[0076] Any host cell susceptible to cell culture, and to
expression of proteins, may be utilized in accordance
with the present invention. The host cells are generally
mammalian cells, more particularly animal cells, such
as Chinese hamster ovary (CHO) cells. Other non-limit-
ing examples of mammalian cells that may be used in
accordance with the present invention include BALB/c
mouse myeloma line (NSO/I, ECACC No: 85110503);
humanretinoblasts (PER.C6 (CruCell, Leiden, The Neth-
erlands)); monkey kidney CV1 line transformed by SV40
(COS-7,ATCC CRL 1651); human embryonickidney line
(293 or 293 cells subcloned for growth in suspension
culture, Graham et al., J. Gen Virol., 36:59 (1977)); baby
hamster kidney cells (BHK, ATCC CCL 10); Chinese
hamster ovary cells +/-DHFR (CHO, Urlaub and Chasin,
Proc. Natl. Acad. Sci. USA, 77:4216 (1980)); mouse ser-
toli cells (TM4, Mather, Biol. Reprod., 23:243-251
(1980)); monkey kidney cells (CV1 ATCC CCL 70); Afri-
can green monkey kidney cells (VERO-76, ATCC CRL-
1 587); human cervical carcinoma cells (HeLa, ATCC
CCL 2); canine kidney cells (MDCK, ATCC CCL 34); buf-
falo rat liver cells (BRL 3A, ATCC CRL 1442); human
lung cells (W138, ATCC CCL 75); human liver cells (Hep
G2, HB 8065); mouse mammary tumor (MMT 060562,
ATCC CCL51); TRI cells (Mather et al., Annals N.Y.
Acad. Sci., 383:44-68 (1982)); MRC 5 cells; FS4 cells;
and a human hepatoma line (Hep G2).

Polypeptides

[0077] Any polypeptide that is expressible in a host cell
may be produced in accordance with the present inven-
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tion. The polypeptide may be expressed from a gene that
is endogenous to the host cell, or from a heterologous
gene thatis introduced into the host cell. The polypeptide
may be one that occurs in nature, or may alternatively
have a sequence that was engineered or selected by the
hand of man. A polypeptide to be produced according to
the present invention may be assembled from polypep-
tide fragments that individually occur in nature. Addition-
ally or alternatively, the engineered polypeptide may in-
clude one or more fragments that are not naturally oc-
curring. Proteins or peptides may be made by any tech-
nique known to those of skill in the art, including the ex-
pression of proteins, polypeptides or peptides through
standard molecular biological techniques, the isolation
of proteins or peptides from natural sources, or the chem-
ical synthesis of proteins or peptides. The coding regions
for known genes may be amplified and/or expressed us-
ing the techniques disclosed herein or as would be known
to those of ordinary skill in the art. Alternatively, various
commercial preparations of proteins, polypeptides and
peptides are known to those of skill in the art.

[0078] Therapeutic proteins that may desirably be ex-
pressed in accordance with the present invention will of-
ten be selected on the basis of an interesting or useful
biological or chemical activity. For example, the present
invention may be employed to express any pharmaceu-
tically or commercially relevant enzyme, clotting factor,
receptor, antibody, hormone, regulatory factor, antigen,
binding agent, etc. The following list of therapeutic pro-
teins that can be produced according to the present in-
vention is merely exemplary in nature, and is notintended
to be a limiting recitation. One of ordinary skill in the art
will understand that any polypeptide may be expressed
in accordance with the present invention and will be able
to select the particular polypeptide to be produced based
on his or her particular needs.

Fusion Proteins

[0079] Fusion proteins generally have all or a substan-
tial portion of a targeting peptide, linked at the N- or C-
terminus, to all or a portion of a second polypeptide or
protein. For example, fusions may employ leader se-
quences from other species to permit the recombinant
expression of a protein in a heterologous host. Another
useful fusion includes the addition of an immunologically
active domain, such as an antibody epitope, to facilitate
purification of the fusion protein. A fusion protein can in-
clude a targeting moiety, e.g., a soluble receptor frag-
ment or a ligand, and an immunoglobulin chain, an Fc
fragment, a heavy chain constant regions of the various
isotypes, including for example: IgG1, IgG2, 1IgG3, 1gG4,
IgM, IgA1, IgA2, IgD, and IgE. For example, the fusion
protein caninclude the extracellular domain of areceptor,
and, e.g., fused to, a human immunoglobulin Fc chain
(e.g., human IgG1 or human IgG4, or a mutated form
thereof). In one embodiment, the human Fc sequence
has been mutated at one or more amino acids, e.g., mu-



15 EP 2 139 987 B9 16

tated at residues 254 and 257 from the wild type se-
quence to reduce Fc receptor binding. The fusion pro-
teins may additionally include a linker sequence joining
the first moiety to the second moiety, e.g., the immu-
noglobulin fragment. For example, the fusion protein can
include a peptide linker, e.g., a peptide linker of about 4
to 20, more preferably, 5 to 10, amino acids in length; in
certain embodiments, the peptide linker is 8 amino acids
in length. For example, the fusion protein can include a
peptide linker having the formula (Ser-Gly-Gly-Gly-Gly)
ywhereinyis1,2,3,4,5,6,7, or 8. Inotherembodiments,
additional amino acid sequences can be added to the N-
or C-terminus of the fusion protein to facilitate expres-
sion, steric flexibility, detection and/or isolation or purifi-
cation.

[0080] Inclusion of a cleavage site at or near the fusion
junction will facilitate removal of the extraneous polypep-
tide after purification. Other useful fusions include linking
of functionaldomains, such as active sites fromenzymes,
glycosylation domains, cellular targeting signals or trans-
membrane regions. Examples of proteins or peptides that
may be incorporated into a fusion protein include cyto-
static proteins, cytocidal proteins, pro-apoptosis agents,
anti-angiogenic agents, hormones, cytokines, growth
factors, peptide drugs, antibodies, Fab fragments anti-
bodies, antigens, receptor proteins, enzymes, lectins,
MHC proteins, cell adhesion proteins and binding pro-
teins. Methods of generating fusion proteins are well
known to those of skill in the art. Such proteins can be
produced, for example, by chemical attachment using
bifunctional cross-linking reagents, by de novo synthesis
of the complete fusion protein, or by attachment of a DNA
sequence encoding the targeting peptide to a DNA se-
quence encoding the second peptide or protein, followed
by expression of the intact fusion protein.

Antibodies

[0081] Antibodies are proteins that have the ability to
specifically bind a particular antigen. Given the large
number of antibodies currently in use or under investiga-
tion as pharmaceutical or other commercial agents, pro-
duction of antibodies in accordance with the present in-
vention is of particular interest. For example, the present
invention may be used to produce antibodies in a cell
culture wherein the misfolding and/or aggregation of the
produced antibodies are reduced.

[0082] In certain embodiments, methods and/or com-
positions of the present invention are employed to pro-
duce an antibody against growth differentiation factor-8
(GDF-8). Nonlimiting examples of GDF-8 antibodies in-
clude Myo29, Myo28, and Myo22. In certain embodi-
ments, GDF-8 antibodies produced in accordance with
the present teachings are produced in the form of human
IgG isotopes. In certain embodiments, methods and/or
compositions of the present invention are employed to
produce a MYO29 antibody such as described in inter-
national patent application, publication number WO
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2004/037861, entitled Neutralizing Antibodies Against
GDF-8 and Uses Thereof, incorporated herein by refer-
ence in its entirety.

[0083] Other representative commercially available
therapeutic proteins that can be produced in accordance
withthe presentinventioninclude, forexample, AVASTIN
[Bevacizumab], CAMPATH [Alemtuzumab], ERBITUX
[Cetuximab], HERCEPTIN [TRASTUZUMAB], HUMIRA
[Adalimumab], LUCENTIS [Ranibizumab], MYLOTARG
[gemtuzumab ozogamicin], MYCSCINT [Imicromab
Penetate], PROSTASCINT [Capromab Pendetide],
RAPTIVA [Efalizumab], REMICADE [Infliximab], REO-
PRO [Abciximab], RITUXAN [Rituximab], SIMULECST
[Basilximab], SOLIRIS [Eculizumab], SYNAGIS [Palivi-
zumab], TYSABRI [Natalizumab], VECTIBIX [Panitumu-
mab], VERLUMA [Nofetumomab], XOLAIR [Omalizum-
ab], ZANAPAX [Daclizumab], ZEVALIN [lbritumomab
Tiuxetan], etc.

[0084] In certain embodiments, the monoclonal, chi-
meric, or humanized antibodies described above contain
amino acid residues that do not naturally occur in any
antibody in any species in nature. These foreign residues
can be utilized, for example, to confer novel or modified
specificity, affinity or effector function on the monoclonal,
chimeric or humanized antibody.

Clotting Factors

[0085] Clotting factors have been shown to be effective
as pharmaceutical and/or commercial agents. Hemophil-
ia B is a disorder in which the blood of the sufferer is
unable to clot. Thus, any small wound that results in
bleeding is potentially a life-threatening event. Given the
importance of recombinant clotting factors in the treat-
ment of diseases such as hemophilia, production of clot-
ting factors in accordance with the present invention is
of particular interest. In certain embodiments, the present
invention may be used to produce clotting factors in a
cell culture wherein the misfolding and/or aggregation of
the produced clotting factors are reduced.

[0086] For example, Coagulation Factor IX (Factor IX
or "FIX") is a single-chain glycoprotein whose deficiency
results in Hemophilia B. FIX is synthesized as a single
chain zymogen that can be activated to a two-chain ser-
ine protease (Factor IXa) by release of an activation pep-
tide. The catalytic domain of Factor IXa is located in the
heavy chain (see Chang et al., J. Clin. Invest., 100:4,
1997, incorporated herein by reference in its entirety).
Other clotting factors that can be produced in accordance
with the present invention include tissue factor, and von
Willebrands factor and/or commercially available blood-
clotting factors. Representative commercially available
blood-clotting factors that can be producedin accordance
with the present invention include, for example, AL-
TEPLASE [Tissue Plasminogen Activator; t-PA], BENE-
FIX [Factor IX], HEMOFIL [Antihemophilic Factor; Factor
XIll], RECOMBINATE (Recombinant Antihemophiliac
Factor), etc.
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Enzymes

[0087] Another class of polypeptides that have been
shown to be effective as pharmaceutical and/or commer-
cial agents and that can desirably be produced according
to the teachings of the present invention includes en-
zymes. Given the importance of recombinant enzymes
in the treatment of diseases and other commercial and
pharmaceutical uses, production of enzymes in accord-
ance with the present invention is of particular interest.
For example, the present invention may be used to pro-
duce enzymes in a cell culture wherein the misfolding
and/or aggregation of the produced enzymes are re-
duced. Representative commercially available enzymes
that can be produced in accordance with the present in-
vention include, for example, ACTIVASE [Recombinant
alteplase], CEREDASE [Alglucerase], CEREZYME [Im-
iglucerase], PULMOZYME [DNase], etc.

Growth Factors and Other Signaling Molecules

[0088] Another class of polypeptides that have been
shown to be effective as pharmaceutical and/or commer-
cial agents and that can desirably be produced according
to the teachings of the present invention includes growth
factors and other signaling molecules. Growth factors are
often glycoproteins that are secreted by cells and bind
to and activate receptors on other cells, initiating a met-
abolic or developmental change in the receptor cell. Giv-
en the biological importance of growth factors and other
signaling molecules and their importance as potential
therapeutic agents, production of these molecules in ac-
cordance with the present invention is of particular inter-
est. For example, the present invention may be used to
produce growth factors or other signaling molecules in a
cell culture wherein the misfolding and/or aggregation of
the produced growth factors or other signaling molecules
are reduced.

[0089] Non-limiting examples of mammalian growth
factors and other signaling molecules include cytokines;
epidermal growth factor (EGF); platelet-derived growth
factor (PDGF); fibroblast growth factors (FGFs) such as
aFGF and bFGF; transforming growth factors (TGFs)
such as TGF-alpha and TGF-beta, including TGF-beta
1, TGF-beta 2, TGF-beta 3, TGF-beta 4, or TGF-beta 5;
insulin-like growth factor-l and -l (IGF-I and IGF-II); des
(1-3) -IGF-I (brain IGF-I), insulin-like growth factor bind-
ing proteins; CD proteins such as CD-3, CD-4, CD-8, and
CD-19; erythropoietin (representative commercially
available erythropoietins include, for example, ARA-
NESEP [darbepoetin]; CEA-SCAN [Arcitumomab], EPO-
GEN [epoetin alfa]; PROCRIT [epoetin alfa]), etc.); oste-
oinductive factors; immunotoxins; a bone morphogenetic
protein (BMP); an interferon such as interferon-alpha,
-beta, and -gamma (representative commercially avail-
able interferons include, for example, ACTIMUNNE [In-
terferon gamma-1b], AVONEX [Interferon beta-1a],
REBIF [Interferon beta-1a], BETASERON [Interferon be-
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ta-1b]), etc.); colony stimulating factors (CSFs), e.g., M-
CSF, GM-CSF, and G-CSF (other representative com-
mercially available colony stimulating factors include, for
example, GRANUCYTE, Lenograstim, LEUKINE [Sar-
gramostimy]), etc.); interleukins (TLs), e.g., IL-1 to IL-10;
tumor necrosis factor (TNF) alpha and beta; insulin A-
chain; insulin B-chain; proinsulin; follicle stimulating hor-
mone; calcitonin; luteinizing hormone; glucagon; clotting
factors such as factor VIIIC, factor IX, tissue factor, and
von Willebrands factor; anti-clotting factors such as Pro-
tein C; atrial natriuretic factor; lung surfactant; a plas-
minogen activator, such as urokinase or human urine or
tissue-type plasminogen activator (t-PA); bombesin;
thrombin, hemopoietic growth factor; enkephalinase;
RANTES (regulated on activation normally T-cell ex-
pressed and secreted); human macrophage inflamma-
tory protein (MIP-1-alpha); mullerian-inhibiting sub-
stance; relaxin A-chain; relaxin B-chain; prorelaxin;
mouse gonadotropin-associated peptide; neurotrophic
factors such as bone-derived neurotrophic factor
(BDNF), neurotrophin-3, -4, -5, or -6 (NT-3, NT-4, NT-5,
or NT-6), or a nerve growth factor such as NGF-beta.
One of ordinary skillin the art will be aware of other growth
factors or signaling molecules that can be expressed in
accordance with methods and compositions of the
present invention.

Receptors

[0090] Another class of potypeptides that have been
shown to be effective as pharmaceutical and/or commer-
cial agents and that can desirably be produced according
to the teachings of the present invention includes recep-
tors. Given the biological importance of receptors and
theirimportance as potential therapeutic agents, produc-
tion of these molecules in accordance with the present
invention is of particular interest. For example, the
present invention may be used to produce receptors in
a cell culture wherein the misfolding and/or aggregation
of the produced receptors are reduced.

[0091] Receptors are typically trans-membrane glyco-
proteins that function by recognizing an extra-cellular sig-
naling ligand. Receptors often have a protein kinase do-
main in addition to the ligand recognizing domain. This
protein kinase domain initiates a signaling pathway by
phosphorylating targetintracellular molecules upon bind-
ing the ligand, leading to developmental or metabolic
changes within the cell In certain embodiments, an ex-
tracellular domain of a transmembrane receptor is pro-
duced in accordance with methods and systems dis-
closed herein. In certain embodiments, an intracellular
domain of a transmembrane receptor is produced in ac-
cordance with methods and systems disclosed herein.
[0092] In certain embodiments, tumor necrosis factor
inhibitors, in the form of tumor necrosis factor alpha and
beta receptors (TNFR-1; EP 417,563 published Mar.
20,1991; and TNFR-2, EP 417,014 published Mar. 20,
1991) are expressed in accordance with systems and



19 EP 2 139 987 B9 20

methods of the present invention (for review, see Nai-
smith and Sprang, J Inflamm. 47(1-2):1-7, 1995-96). Ac-
cording to some embodiments, a tumor necrosis factor
inhibitor comprises a soluble TNF receptor. In certain em-
bodiments, a tumor necrosis factor inhibrtor comprises
a soluble TNFR fused to any portion of an immunoglob-
ulin protein, including the Fc region of an immunoglobu-
lin. In certain embodiments, TNF Inhibitors of the present
invention, are soluble forms of TNFR | and TNFR Il. In
certain embodiments, TNF inhibitors of the present in-
vention are soluble TNF binding proteins. In certain em-
bodiments, the TNF inhibitors of the present invention
are TNFR-Fc, for example, etanercept. As used herein,
"etanercept," refers to a TNFR-Fc, which is a dimer of
two molecules of the extracellular portion of the p75 TNF-
o receptor, each molecule consisting of a 235 amino acid
Fc portion of human IgG1. In accordance with the inven-
tion, an anti-senescence compound, such as carnosine,
is used to decrease the amount of misfolded and/or ag-
gregated protein during the production of TNFR-Fc.
[0093] In some embodiments, receptors to be pro-
duced in accordance with the present invention are re-
ceptor tyrosine kinases (RTKs). The RTK family includes
receptors that are crucial for a variety of functions nu-
merous cell types (see, e g., Yarden and Ulinch, Ann.
Rev Biochem. 57:433-478, 1988; Ullrich and Schlessing-
er, Cell 61.243-254, 1990). Non-limiting examples of
RTKs include tumor necrosis factor alpha and beta re-
ceptors, members of the fibroblast growth factor (FGF)
receptor family, members of the epidermal growth factor
receptor (EGF) family, platelet derived growth factor
(PDGF) receptor, tyrosine kinase with immunoglobulin
and EGF homology domains-1 (TIE-1) and TIE-2 recep-
tors (Sato et al., Nature 376(8535):70-74, 1995) and c-
Met receptor, some of which have been suggested to
promote angiogenesis, directly or indirectly (Mustonen
and Alitalo, J. Cell Biol. 129:895-899, 1995). Other non-
limiting examples of RTK’s include fetal liver kinase 1
(FLK-1) (sometimes referred to as kinase insert domain-
containing receptor (KDR) (Terman et al , Oncogene 6:
16T7-83, 1991) or vascular endothelial cell growth factor
receptor 2, VEGFR-2), fms-like tyrosine kinase-1 (Flt-1)
(DeVries et al. Science 255,989-991, 992; Shibuya et al.,
Oncogene 5:519-524, 1990), sometimes referred to as
vascular endothelial cell growth factor receptor 1 (VEG-
FR-1), neuropilin-1, endoglin, endosialin, and Axl. Those
of ordinary skill in the artwill be aware of other receptors
that can be expressed in accordance with the present
invention.

[0094] In certain embodiments, the receptor to be pro-
duced In accordance with the present invention is a G-
protein coupled receptor (GPCR). GPCRs are a major
target for drug action and development In fact, receptors
have led to more than half of the currently known drugs
(Drews, Nature Biotechnology, 14:1516, 1996) and
GPCRs represent the most important target for thera-
peutic intervention with 30% of clinically prescribed drugs
either antagonizing or agonizing a GPCR (Milligan, G.
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and Rees, S., TIPS, 20:118-124, 1999). Since these re-
ceptors have an established, proven history as therapeu-
tic targets, production of GPCRs in accordance with the
present invention is also of particular interest.

[0095] Ingeneral, practitioners of the presentinvention
will select their protein or polypeptide of interest, and will
know its precise amino acid sequence. Any given
polypeptide that is to be expressed in accordance with
the present invention will have its own particular charac-
teristics and may influence the cell density or viability of
the cultured cells, and may be expressed at lower levels
than another polypeptide or protein grown under identi-
cal culture conditions. One of ordinary skill in the art will
be able to appropriately modify inventive media and
methods described herein in order to optimize cell
growth, titer, folding or any other property of a given ex-
pressed polypeptide or protein.

[0096] One of ordinary skill in the art will be aware of
other useful and/or desirable proteins that may be ex-
pressed in accordance with methods and compositions
of the present invention.

[0097] Cell lines may be cultured using a variety of
techniques to produce the desired protein product. The
cell culture can be done on a small or large scale, de-
pending on the purpose of the cell culture medium or use
of the product. For example, cells may be grown in a
bioreactor. In certain embodiments, the volume of the
bioreactor is at least 1 liter and may be 10, 100, 250, 500,
1,000, 2,500, 5,000, 8,000, 10,000, 12,000 liters or more,
or any volume in between. In addition, bioreactors that
may be used include, but are not limited to, a stirred tank
bioreactor, fluidized bed reactor, hollow fiber bioreactor,
or roller bottle. The systems can also operate either in a
batch, fed-batch, or continuous/perfusion mode. The bi-
oreactor and mode in which to control and monitor the
cell culture medium will be known to one of ordinary skill
in the cell culture art. In the instant example, the system
utilized is a stirred tank bioreactor and operated in fed-
batch mode.

[0098] The bioreactor is generally seeded with an in-
oculum medium and a chosen cell line, for example a
TNFR fusion protein cell line, which may be transfected
to stably express and produce the desired protein prod-
uct. Commercially available medium such as Minimal Es-
sential Medium (MEM, Sigma), Ham’s F10 (Sigma), or
Dulbecco’s Modified Eagle’s Medium (DMEM, Sigma)
may be used as the base medium. These base mediums
may then be supplemented with amino acids, vitamins,
trace elements, and/or other components to produce the
inoculum or feed mediums used during the production
run. In certain embodiments, a base medium is altered
to permit robust growth of cells, to increase cell viability,
to increase cell productivity, to increase integrated viable
cell density, and/or to improve the quality of the produced
proteininthe presence of carnosine. For example, abase
medium may be supplemented with pyruvate, oxaloac-
etate and/or a-ketoglutarate. One of ordinary skill in the
art will be able to alter a base medium for use with meth-
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ods and compositions of the present invention without
undue experimentation.

[0099] In certain embodiments, cells are cultured in
any of a variety of chemically defined media containing
an anti-senescence compound, wherein the components
of the media are both known and controlled. Forexample,
defined media typically do not contain complex additives
such as serum or hydrolysates. In certain embodiments,
cells are cultured in any of a variety of complex media
containing an anti-senescence compound, in which not
all components of the medium are known and/or control-
led. In certain embodiments, such an anti-senescence
compound comprises carnosine.

[0100] The conditions of the bioreactor are controlled
typically, with the pH set between about 6.5 to about 7.5.
The pH is adjusted using an acid, generally CO,, or a
base, such as sodiumbicarbonate. The dissolved oxygen
is controlled between about 5 and 90% of air saturation,
and the temperature is held between 30°C to 42°C, dur-
ing the growth phase. A person of ordinary skill in the cell
culture art can modify the conditions of the bioreactor
based upon the cell line and methods being employed
to achieve the desired results without undue experimen-
tation.

[0101] Compositions and methods of the present in-
vention may be used with any cell culture method or sys-
tem that is amenable to the expression of proteins. For
example, cells expressing a protein of interest may be
grown in batch or fed-batch cultures, wherein the culture
is terminated after sufficient expression of the protein,
after which the expressed protein is harvested and op-
tionally purified. Alternatively, cells expressing a protein
of interest may be grown in perfusion cultures, wherein
the culture is not terminated and new nutrients and other
components are periodically or continuously added to
the culture, during which the expressed protein is peri-
odically or continuously harvested.

[0102] After the cells are seeded they go through a
growth phase during which the number of cells generally
increases exponentially. During the growth phase, the
temperature or temperature range of the cell culture will
be selected based primarily on the temperatures or range
of temperatures at which the cell culture remains viable,
at which a high level of protein is produced, at which
production or accumulation of metabolic waste products
is minimized, and/or any combination of these or other
factors deemed important by the practitioner. As one non-
limiting example, CHO cells grow well and produce high
levels or protein at approximately 37°C. In general, most
mammalian cells grow well and/or can produce high lev-
els or protein within a range of about 25°C to 42°C, al-
though methods taught by the present disclosure are not
limited to these temperatures. Certain mammalian cells
grow well and/or can produce high levels of protein within
the range of about 35°C to 40°C. In certain embodiments,
the cell culture is grown at a temperature of 20, 21, 22,
23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37,
38, 39, 40, 41, 42, 43, 44, or 45°C at one or more times
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during the growth phase. Those of ordinary skill in the
art will be able to select appropriate temperature or tem-
perature range in which to grow cells, depending on the
needs of the cells and the production requirements of the
practitioner.

[0103] Followingthe growth phaseis atransition phase
during which the cells adapt to any changes occurring in
the surroundings, such as a temperature change. The
changes occurring are typically parameters for the pro-
duction phase. In the instant examples, on day 4, the
temperature decreased from about 37°C to about 31°C.
The temperature shift, however, can occur more than
once and does not need to necessarily go in the down-
ward direction. Moreover, the transition phase and the
temperature shift can occur on any day during the pro-
duction run. Although most methods of production in-
clude multi-phase processes, carnosine also may be uti-
lized in a single-phase process.

[0104] When shifting the temperature of the culture,
the temperature shift may be relatively gradual. For ex-
ample, it may take several hours or days to complete the
temperature change. Alternatively, the temperature shift
may be relatively abrupt. The temperature may be stead-
ily increased or decreased during the culture process.
Alternatively, the temperature may be increased or de-
creased by discrete amounts at various times during the
culture process. The subsequent temperature(s) or tem-
perature range(s) may be lower than or higher than the
initial or previous temperature(s) or temperature range
(s).- One of ordinary skill in the art will understand that
multiple discrete temperature shifts are encompassed in
these embodiments. For example, the temperature may
be shifted once (either to a higher or lower temperature
or temperature range), the cells maintained at this tem-
perature ortemperature range for a certain period of time,
after which the temperature may be shifted again to a
new temperature or temperature range, which may be
either higher or lower than the temperature or tempera-
ture range of the previous temperature or temperature
range. The temperature of the culture after each discrete
shift may be constant or may be maintained within a cer-
tain range of temperatures.

[0105] Finally, there is the production phase where the
cell number does not substantially increase, but rather
the cells produce the desired protein product. One of or-
dinary skill in the art will understand, however, that in
certain embodiments, cells may continue to grow and
increase in number during the production phase. During
this phase the environment of the bioreactor is controlled
at conditions in which the cells are more likely to be pro-
ductive. For example, the temperature is generally held
at a temperature different than that of the growth phase,
which is conducive to the production of a protein product,
e.g. 31 °C. Throughout the production run, the cells may
be fed a feed medium containing nutrients and supple-
ments the cells may need. For example, in certain cases,
it may be beneficial or necessary to supplement the cell
culture during the subsequent production phase with nu-
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trients or other medium components that have been de-
pleted or metabolized by the cells. As non-limiting exam-
ples, it may be beneficial or necessary to supplement the
cell culture with hormones and/or other growth factors,
particular ions (such as sodium, chloride, calcium, mag-
nesium, and phosphate), buffers, vitamins, nucleosides
or nucleotides, trace elements (inorganic compounds
usually present at very low final concentrations), amino
acids, lipids, or glucose or other energy source. These
supplementary components may all be added to the cell
culture at one time, or they may be provided to the cell
culture in a series of additions. In certain embodiments,
an anti-senescence compound is provided in a feed me-
dium at one or more times during the production phase.
[0106] According to certain embodiments, use of an
anti-senescence compound, e.g. carnosine, in the cell
culture medium during the production phase, whether
provided in an inoculation medium or a feed medium,
increases cell viability and/or specific protein production,
thus improving the overall yield of produced protein.
[0107] Aspects of a protein production process are de-
termined by one of ordinary skill in the cell culture art.
The parameters such as seed density, duration of the
production culture, operating conditions during harvest,
among others, including those mentioned above are
functions of the cell line and the cell culture medium.
Therefore, the parameters can be determined without
undue experimentation by a person of ordinary skill in
the cell culture art.

[0108] As with the temperature or temperature range
during the growth phase, the temperature or temperature
range of the cell culture during the production phase will
be selected based primarily on the temperature or tem-
perature range at which the cell culture remains viable,
at which a high level of protein is produced, at which
production or accumulation of metabolic waste products
is minimized, and/or any combination of these or other
factors deemed important by the practitioner. In general,
most mammalian cells remain viable and produce high
levels or protein within a range of about 25°C to 42°C,
although methods taught by the present disclosure are
not limited to these temperatures. In certain embodi-
ments, mammalian cells remain viable and produce high
levels or protein within a range of about 25°C to 35°C. In
certain embodiments, the cell culture is grown at a tem-
perature of 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31,
32,33, 34, 35, 36, 37, 38, 39, 40, 41,42,43,44, 0or45°C
at one or more times during the production phase. Those
of ordinary skill in the art will be able to select appropriate
temperature(s) or temperature range(s)in which to grow
cells during the production phase, depending on the par-
ticular needs of the cells and the particular production
requirements of the practitioner. The cells may be grown
for any amount of time, depending on the needs of the
practitioner and the requirement of the cells themselves.
[0109] In certain embodiments, batch or fed-batch cul-
tures are terminated once the culture achieves one or
more relevant culture conditions, as determined by the
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needs of the practitioner. In certain embodiments, batch
or fed-batch cultures are terminated once the expressed
protein reaches a sufficiently high titer, once the cell den-
sity reaches a sufficiently high level, once the expressed
protein reaches a sufficiently high cell density, and/or to
prevent undesirable production or accumulation of met-
abolic waste products (e.g., lactate and/or ammonium).
One of ordinary skill in the art will be aware of other rel-
evant culture conditions that may be used to determine
when a batch or fed-batch culture should be terminated,
based on experimental, commercial, and/or other con-
siderations.

[0110] In certain embodiments, following a production
run, the protein product is recovered from the cell culture
medium and further isolated using traditional separation
techniques. For example, the protein may initially be sep-
arated by centrifugation, retaining the supernatant con-
taining the protein. Additionally or alternatively, the pro-
tein product may be bound to the surface of the host cell.
In such embodiments, the media is removed and the host
cells expressing the protein are lysed as a first step in
the purification process. Lysis of mammalian host cells
can be achieved by any number of means known to those
of ordinary skill in the art, including physical disruption
by glass beads and exposure to high pH conditions.
[0111] Using conventional protein purification meth-
ods, the protein may be additionally isolated. Methods
by which to isolate and purify the desired protein product
are known within the cell culture art. Specific methods
depend on the cell line used and the product sought.
[0112] The anti-senescence compound, e.g. carnos-
ine, may be added to the culture medium at atime optimal
for the specific cell culture process. For the instant ex-
amples, the addition of carnosine occurs after the growth
phase is substantially complete and is in the transition
phase. During the addition, the cell culture medium is
adapting to the new temperature resulting from the tem-
perature shift. The transition phase is generally when
agents are added to help initiate the production phase.
Carnosine, however, may be added at any point during
the production run that generates optimal results, includ-
ing the growth phase and the production phase. Carno-
sine may also be added in combination with other com-
ponents, such as a feed medium. In certain embodi-
ments, an anti-senescence compound is provided in an
inoculation medium and is present in the cell culture dur-
ing the entire cell culture process. In certain embodi-
ments, two or more anti-senescence compounds are pro-
vided in the cell culture medium. In certain embodiments,
two or more anti-senescence compounds are provided
in an inoculation medium and are present in the cell cul-
ture during the entire cell culture process. In certain em-
bodiments, two or more anti-senescence compounds are
provided, wherein one anti-senescence compound is
provided in an inoculation medium and is present in the
cell culture during the entire cell culture process, while
another anti-senescence compound is provided after the
cell culture has begun.
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[0113] Incertain embodiments, the concentration of an
anti-senescence compound present in the cell culture is
different for varying cell types and products. In certain
embodiments, the concentration of carnosine present is
different for varying cell types and products. Generally,
the concentration is enough to enhance the productivity
and quality without toxic effects. For the instant exam-
ples, the range includes, but is not limited to, 5 mM to
100 mM. It will be appreciated that the concentration of
carnosine used may vary depending on the cell culture
medium. The appropriate concentration of carnosine for
a particular cell line may need to be determined with rou-
tine small-scale experiments, such as, for example, a 2L
bioreactor, using conventional methods. One of ordinary
skill in the art will be able to determine an advantageous
or optimal concentration of carnosine or other anti-se-
nescence compound without undue experimentation us-
ing cell culture techniques and diagnostic methods that
are known in the art.

[0114] One advantage to adding carnosine or another
anti-senescence compound, rather than chemical
agents, is the effect on viability. Typically, cell growth
ceases and the viable cell number decreases with the
addition of a chemical agent, like sodium butyrate. (Kim
et al. Biotechnol Bioeng, 71: 184-193,184). Examples
below, however, demonstrate that addition of carnosine
to a cell culture medium results in higher viability at the
time of harvest than is observed in a cell culture grown
in the absence of an anti-senescence compound such
as carnosine. Furthermore, such carnosine-containing
cell cultures exhibit an increase in specific productivity.
With the positive effects on the cell viability and specific
productivity, the overall yield is higher.

[0115] Another advantage is that an anti-senescence
compound such as carnosine decreases the amount of
high molecular weight aggregates and/or the number of
acidic species. Decreasing the amount of high molecular
weight aggregates and acidic species simplifies purifica-
tion of the protein product. Enabling the protein to be
isolated more efficiently decreases the cost to produce
the protein product. In certain embodiments, an anti-se-
nescence compound, such as carnosine, is used to de-
crease the amount of misfolded and/or aggregated pro-
tein. In certain embodiments, an anti-senescence com-
pound other than carnosine is used to decrease the
amount of high molecular weight aggregates and/or acid-
ic species. In certain embodiments, two or more anti-
senescence compounds are used to decrease the
amount of high molecular weight aggregates and/or acid-
ic species.

[0116] In certain embodiments, cells are grown in ac-
cordance with any of the cell culture methods described
in United States Patent Application Serial Nos.
11/213,308, 11/213,317 and 11/213,633 each of which
was filed August 25, 2005. For example, in certain em-
bodiments, the cells may be grown in a culture medium
in which the cumulative amino acid concentration is
greater than about 70 mM. In certain embodiments, the
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cells may be grown in a culture medium in which the
molar cumulative glutamine to cumulative asparagine ra-
tio is less than about 2. In certain embodiments, the cells
may be grown in a culture medium in which the molar
cumulative glutamine to cumulative total amino acid ratio
is less than about 0.2. In certain embodiments, the cells
may be grown in a culture medium in which the molar
cumulative inorganic ion to cumulative total amino acid
ratio is between about 0.4 to 1. In certain embodiments,
the cells may be grown in a culture medium in which the
combined cumulative glutamine and cumulative aspar-
agine concentration is between about 16 and 36 mM. In
certain embodiments, the cells may be grown in a culture
medium that contains two, three, four or all five of the
preceding medium conditions. Use of such media allows
high levels of protein production and lessens accumula-
tion of certain undesirable factors such as ammonium
and/or lactate.

[0117] In some embodiments, the cells are grown un-
der one or more of the conditions described in United
States Provisional Patent Application Serial No.
60/830,658, filed July 13, 2006. For example, in some
embodiments, cells are grown in a culture medium that
contains manganese at a concentration between approx-
imately 10 and 600 nM. In some embodiments, cells are
grown in a culture medium that contains manganese at
a concentration between approximately 20 and 100 nM.
In some embodiments, cells are grown in a culture me-
dium that contains manganese at a concentration of ap-
proximately 40 nM. Use of such media in growing glyc-
oproteins results in production of a glycoprotein with an
improved glycosylation pattern (e.g. a greater number of
covalently linked sugar residues in one or more oligosac-
charide chains).

[0118] In certain embodiments of the invention, pro-
teins produced according to one or more methods of the
present invention will have pharmacologic activity and
will be useful in the preparation of pharmaceuticals. Pro-
teins produced according to one or more methods of the
present invention may be administered to a subject or
may first be formulated for delivery by any available route
including, but not limited to-parenteral (e.g., intrave-
nous), intradermal, subcutaneous, oral, nasal, bronchial,
opthalmic, transdermal (topical), transmucosal, rectal,
and vaginal routes. Inventive pharmaceutical composi-
tions typically include a purified protein expressed from
a mammalian cell line, a delivery agent (i:e , a cationic
polymer, peptide molecular transporter, surfactant, etc ,
as described above) in combination with a pharmaceu-
tically acceptable carrier. As used herein the language
"pharmaceutically acceptable carrier" includes solvents,
dispersion media, coatings, antibacterial and antifungal
agents, isotonic and absorption delaying agents, and the
like, compatible with pharmaceutical administration.
Supplementary active compounds can also be incorpo-
rated into the compositions.

[0119] A pharmaceutical composition is formulated to
be compatible with its intended route of administration.
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Such formulations will be known by those of skill in the
art. In certain embodiments, a protein produced accord-
ing to the present invention is formulated in oral and/or
parenteral form. In certain embodiments, for ease of ad-
ministration and uniformity of dosage, such oral and/or
parenteral forms are formulated as unit dosage form,
wherein each unit contains a predetermined quantity of
active protein calculated to produce the desired thera-
peutic effect in association with the required pharmaceu-
tical carrier. One of ordinary skill in the art will be aware
of unit dosage formulations appropriate for proteins pro-
duced according to the present invention.

[0120] Certain embodiments and aspects are dis-
cussed in detail above. The present disclosure is further
illustrated by the following, non-limiting examples. Those
of ordinary skill in the art will understand, however, that
various modifications to these embodiments are within
the scope of the appended claims. It is noted that the
addition of carnosine and/or other anti-senescence com-
pounds is equally applicable to other mammalian cell cul-
tures and protein products. It is the claims and equiva-
lents thereof that define the scope of the present inven-
tion, which is not and should not be limited to or by this
description of certain embodiments.

EXAMPLES

Example 1: Dish Scale Carnosine Experiments

[0121] A MYO-29 cellline was cultured in a serum free
production medium in a bioreactor with a 1 L working
volume and was temperature shifted from 37°C to 31 °C
on day 4. The pH of the bioreactor was held at 7.00 and
the dissolved oxygen was at 30% air saturation. Cell cul-
ture medium was then taken from the bioreactor on day
4, day 7, and day 10 and put into culture dishes with an
8 ml working volume and placed into a 31 °C incubator,
where the dish cultures were cultured until day 12. The
cells were supplemented with a feed medium on days 5
and 7. On day 5, 10%(v/v) of feed medium was added
to the cell cultures and on day 7, 5%(v/v) of feed medium
was added to the cell cultures. 10 mM of carnosine was
added on day 4, day 7, and day 10, respectively, to the
dishes and the cell culture medium was harvested on
day 12.

[0122] Figure 1a shows the effect of the carnosine ad-
ditions on the amount of acidic peaks in the culture on
day 7. Figure 1b shows the effect of the carnosine on the
high molecular weight aggregates on the day 7 culture.
Figure 1c illustrates the effect of carnosine additions on
day 4, versus day 7, versus day 10 on the acidic peaks.
Figure 1d shows the same experiment’s results but for
high molecular weight aggregates. Overall, carnosine
had a positive effect by decreasing both the acidic peaks
and the high molecular weight aggregates in cultured
dishes.
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Example 2: Effects of Carnosine Addition to Cell Culture
Medium

[0123] Five bioreactors were inoculated with 0.9 x106
cells/ml with a 1 L working volume of a MYO-29 cell line
in a serum free inoculation medium. All the bioreactors
were fed 5% (v/v) of a feed medium on days 3, 5, 7, and
12 of a 14-day run. A day 10 feed of 5% (v/v) of the feed
medium was added to two of the control bioreactors and
one containing carnosine. The conditions of the bioreac-
tors were held at a temperature of 37°C, a pH of 7.00,
and a dissolved oxygen level at 30% air saturation. The
agitation rate was 200 rpm and the sparge gas had a
combination of air and 7% carbon dioxide.

[0124] All cells were cultured for 4 days at which point
20 mM of carnosine was added to two of the bioreactors,
the controls did not have carnosine added, and the tem-
perature was shifted to 31 °C in all of the bioreactors on
day 4 also. The bioreactors were harvested on day 14 of
the production run. Samples were taken throughout the
run to monitor the progress of the cell culture medium.
The controls performed as expected.

[0125] Figure 2a shows the daily viable cell density.
Figure 2b shows that the daily cell viability of the biore-
actors with carnosine was higher upon being harvested
compared to two bioreactors without it. Figure 2c shows
the daily titer of the bioreactors and that the two bioreac-
tors with carnosine present had higher titer at the time of
harvest. The cultures with carnosine had better cumula-
tive specific cellular productivity shown in Figure 2d. Fig-
ure 2e shows the amount of high molecular weight ag-
gregates and shows a decrease of high molecular weight
aggregates in the bioreactors with carnosine present.

Example 3: Effect of Different Concentration of Carnos-
ine Additions

[0126] Four bioreactors were inoculated with 0.4 x 108
cells/ml with a 1 L working volume of a MYO-29 cell line
in a serum free inoculation medium. All the bioreactors
were all fed 5% (v/v) of a feed medium on day 7 of the
14-day run. The conditions of the bioreactor were held
at a temperature of 37°C, a pH of 7.00, and a dissolved
oxygen level at 30% air saturation. The agitation rate
was 200 rpm and the sparge gas had a combination of
air and 7% carbon dioxide.

[0127] All cells were cultured for four days at which
point the temperature was shifted in all of the bioreactors
to 31°C. Also on day 4, 20 mM of carnosine was added
to one bioreactor, a second had 40 mM of carnosine add-
ed, and the controls did not have any carnosine added.
All bioreactors were harvested on day 12 of the produc-
tion run. Samples were taken throughout the run to mon-
itor the progress of the cell culture medium. The controls
performed generally as expected, except one control had
slightly lower daily viabilities than previously seen.
[0128] Figure 3a shows the daily viable cell density,
the different bioreactors are fairly similar with the excep-
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tion of the bioreactor with 4 mM of carnosine. Figure 3b
shows that the daily cell viability of the bioreactors with
carnosine had a higher viability upon being harvested
compared to two control bioreactors without it. Figure 3c
shows the daily titer; the bioreactors with the carnosine
additions and one of the controls were similar. The bio-
reactor with 40 mM of carnosine had a higher cumulative
specific cellular productivity. (Figure 3d). Figure 3e
shows the amount of high molecular weight aggregates;
overall there is a decrease in high molecular weight ag-
gregates with the carnosine additions compared to the
controls.

Example 4: Use of Carnosine In Mammalian Cell Culture
to Improve Product Characteristics of a Recombinant
TNFR Fusion Protein

[0129] A TNFR fusion protein cell line was cultured in
a serum free production medium in a bioreactor with a 1
L working volume. On day 1, the temperature was shifted
from 37°C to 29.5°C, sodium butyrate was added to a
final concentration of 1 mM, and HMBA was added to a
final concentration of 3 mM. The pH of the bioreactor was
held at 6.95 and the dissolved oxygen was at 60% air
saturation. On day 2, carnosine was added to the culture
to a final concentration of 20 mM. The cells were supple-
mented with a 5% (v/v) feed medium on days 3, 6, 8, and
10. The cell culture medium was harvested on day 12.
Four separate control bioreactors were run in which CHO
cells expressing arecombinant TNFR fusion protein were
grown under conditions identical to those described
above, except that carnosine was not added on day 2.
The control data in Figures 4-11 is the average of the
four control bioreactor runs.

[0130] As can be seen in Figures 4 and 5, cell growth
and cell viability were not significantly affected by carno-
sine addition. Figure 6 shows that the amount of misfold-
ed and/or aggregated TNFR fusion protein, as measured
by hydrophobic interaction chromatography (HIC), was
significantly reduced when the cells were grown in media
containing carnosine. Figure 7 shows that the amount of
high molecular weight (HMW) aggregates, as measured
by size exclusion chromatography (SEC), was also sig-
nificantly reduced when cells expressing TNFR fusion
protein were grown in media containing carnosine. Fig-
ures 8 and 9 show that product titer and specific cellular
productivity, respectively, were increased when cells ex-
pressing TNFR fusion protein were grown in media con-
taining carnosine. Finally, Figures 10 and 11 show that
glycosylation of the produced TNFR fusion protein was
not significantly different when the cells were grown in
media containing carnosine.

[0131] Although the some embodiments of the disclo-
sure have been described herein, the above description
is merely illustrative. Further modification of the embod-
iments herein disclosed will occur to those skilled in the
cell culture art and all such modifications are deemed to
be within the scope of the embodiments as defined by
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the appended claims.

Claims

1. A method of producing a TNFR fusion protein in cell
culture comprising steps of:

culturing mammalian cells that contain a gene
encoding the TNFR fusion protein, which gene
is expressed under conditions of cell culture, in
a cell culture medium comprising an anti-senes-
cence compound, wherein the anti-senescence
compound is selected from the group consisting
of carnosine, acetyl-carnosine, homo-carnos-
ine, anserine, and beta- alanine and combina-
tions thereof and wherein the anti-senescence
compound is present in the cell culture medium
at a concentration of between about 5 mM and
about 100 mM; and

maintaining the culture under conditions and for
a time sufficient to permit expression of the pro-
tein; wherein the cell culture exhibits an im-
proved cell culture characteristic that differs
from a corresponding cell culture characteristic
that would be observed under otherwise identi-
cal conditions in an otherwise identical medium
that lacks the anti-senescence compound;
wherein the improved culture characteristic is
selected from the group consisting of: increased
titer, increased cell specific productivity, de-
creased accumulation of high molecular weight
aggregates, decreased accumulation of acidic
species, and combinations thereof.

2. The method of claim 1, wherein the anti-senescence
compound comprises carnosine.

3. The method of any one of claim 1-2, wherein the cell
culture is further provided with supplementary com-
ponents.

4. The method of claim 3, wherein the supplementary
components are provided in a feed medium.

5. The method of claim 3 or 4, wherein the supplemen-
tary components are selected from the group con-
sisting of hormones and/or other growth factors, par-
ticular ions (such as sodium, chloride, calcium, mag-
nesium, and phosphate), buffers, vitamins, nucleo-
sides or nucleotides, trace elements (inorganic com-
pounds usually present at very low final concentra-
tions), amino acids, lipids, glucose or other energy
source, and combinations thereof.

6. A method for producing a TNFR fusion protein com-
prising steps of:
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culturing mammalian cells that contain a gene
encoding the TNFR fusion protein in a cell cul-
ture medium, which gene is expressed under
conditions of cell culture, at a first temperature
or temperature range conducive for cell growth
during a growth phase; shifting the temperature
or temperature range of the cell culture medium
to a second temperature or temperature range
conducive for protein production;

culturing the host cells in the cell culture medium
atthe second temperature or temperature range
through a transition phase and into a production
phase; wherein an anti-senescence compound
is added to the cell culture and such that the cell
culture exhibits an improved cell culture charac-
teristic that differs from a corresponding cell cul-
ture characteristic that would be observed under
otherwise identical conditions in an otherwise
identical medium that lacks the anti-senescence
compound, wherein the anti-senescence com-
pound is selected from the group consisting of
carnosine, acetyl-carnosine, homo-carnosine,
anserine, and beta-alanine and combinations
thereof; wherein the anti-senescence com-
pound is present in the cell culture medium at a
concentration of between about 5 mM and about
100 mM , and wherein the improved cell culture
characteristicis selected from the group consist-
ing of: increased titer, increased cell specific pro-
ductivity, decreased accumulation of high mo-
lecular weight aggregates, decreased accumu-
lation of acidic species, and combinations there-
of.

The method of claim 6, wherein the anti-senescence
compound is added to the cell culture medium at the
beginning of the cell culture process.

The method of claim 6 or 7, wherein the anti-senes-
cence compound is added to the cell culture medium
during the growth phase.

The method of claim 6, 7 or 8, wherein the anti-se-
nescence compound is added to the cell culture me-
dium during the transition phase.

The method of claim 6-9, wherein the anti-senes-
cence compound is added to the cell culture medium
during the production phase.

The method of claim 6, wherein the anti-senescence
compound comprises carnosine.

The method of claim 11, wherein the cell culture is
further provided with supplementary components.

The method of claim 12, wherein the supplementary
components are provided in a feed medium.
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The method of claim 12 or 13, wherein the supple-
mentary components are selected from the group
consisting of hormones and/or other growth factors,
particular ions (such as sodium, chloride, calcium,
magnesium, and phosphate), buffers, vitamins, nu-
cleosides or nucleotides, trace elements (inorganic
compounds usually present at very low final concen-
trations), amino acids, lipids, glucose or other energy
source, and combinations thereof.

The method of claim 12, 13 or 14, wherein the sup-
plementary components include an anti-senescence
compound.

The method of any one of the preceding claims,
wherein the produced TNFR fusion protein is heter-
ologous to the mammalian cells.

The method of any one of the preceding claims,
wherein the mammalian cells are CHO cells.

The method of any one of the preceding claims,
wherein the TNFR fusion protein comprises a TNFR-
Fc.

The method of claim 18, wherein the TNFR-Fc is
etanercept.

A method for preparing a protein according to any
one of the preceding claims, further comprising the
step of isolating the protein from the cell culture me-
dium.

A method according to claim 20, wherein the protein
is further purified or processed for formulation.

A method according to claim 21, wherein the protein
is formulated into a pharmaceutical composition.

A method for preparing a protein according to any
one of the preceding claims, wherein the high mo-
lecular weight aggregates comprise misfolded pro-
tein.

Patentanspriiche

1.

Verfahren zur Herstellung eines TNFR-Fusionspro-
teins in Zellkultur umfassend die Schritte:

Kultivieren von Saugerzellen, die ein Gen ent-
halten, welches das TNFR-Fusionsprotein ko-
diert, wobei das Gen unter den Bedingungen
einer Zellkultur exprimiert wird, in einem Zellkul-
tur-Medium, welches eine Anti-Seneszenz-Ver-
bindung umfasst, wobei die Anti-Seneszenz-
Verbindung aus der Gruppe, bestehend aus
Carnosin, Acetyl-Carnosin, Homo-Carnosin,
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Anserin und Beta-Alanin und Kombinationen
davon, ausgewahlt ist und wobei die Anti-Se-
neszenz-Verbindung in dem Zellkultur-Medium
in einer Konzentration zwischen etwa 5 mM und
etwa 100 mM vorliegt; und

Aufrechterhalten der Kultur unter Bedingungen
und fur eine Zeit, die ausreichend ist, um die
Expression des Proteins zu erlauben, wobei die
Zellkultur eine verbesserte Zellkultur-Eigen-
schaft besitzt, die sich von einer entsprechen-
den Zellkultur-Eigenschaft unterscheidet, wel-
che unter sonst identischen Bedingungen in ei-
nem sonst identischen Medium, welchem die
Anti-Seneszenz-Verbindung fehlt, beobachtet
werden wiirde, wobei die verbesserte Kultur-Ei-
genschaft aus der Gruppe, bestehend aus: er-
hohtem Titer, erhdhter Zell-spezifischer Produk-
tivitat, verringerter Akkumulation hochmoleku-
largewichtiger Aggregate, verringerter Akkumu-
lation saurer Spezies und Kombinationen da-
von, ausgewahlt ist.

Verfahren gemafl Anspruch 1, wobei die Anti-Se-
neszenz-Verbindung Carnosin umfasst.

Verfahren gemaR einem der Anspriiche 1-2, wobei
der Zellkultur des Weiteren erganzende Komponen-
ten bereitgestellt werden.

Verfahren gemaf Anspruch 3, wobei die ergénzen-
den Komponenten in einem Futter-Medium bereit-
gestellt werden.

Verfahren gemaR Anspruch 3 oder 4, wobei die er-
ganzenden Komponenten aus der Gruppe, beste-
hend aus Hormonen und/oder anderen Wachstums-
faktoren, bestimmten lonen (wie z.B. Natrium, Chlo-
rid, Kalzium, Magnesium und Phosphat), Puffern,
Vitaminen, Nukleosiden oder Nukleotiden, Spuren-
elementen (anorganische Verbindungen, die nor-
malerweise in sehr geringen Endkonzentrationen
vorhanden sind), Aminosauren, Lipiden, Glukose
oder anderen Energiequellen und Kombinationen
davon, ausgewahlt wird.

Verfahren zum Herstellen eines TNFR-Fusionspro-
teins umfassend die Schritte:

Kultivieren von Saugerzellen, die ein Gen ent-
halten, welches das TNFR-Fusionsprotein ko-
diert, in einem Zellkultur-Medium, wobei das
Gen unter Bedingungen einer Zellkultur expri-
miert wird, bei einer ersten Temperatur oder ei-
nem Temperaturbereich, die/der flr Zellwachs-
tum wahrend einer Wachstumsphase férderlich
ist; Verschieben der Temperatur oder des Tem-
peraturbereichs des Zellkultur-Mediums zu ei-
ner zweiten Temperatur oder einem zweiten
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Temperaturbereich, die/der fiir Proteinherstel-
lung foérderlich ist;

Kultivieren der Wirtszellen in dem Zellkultur-Me-
dium bei der zweiten Temperatur oder dem
zweiten Temperaturbereich (iber eine Uber-
gangsphase undin eine Herstellungsphase, wo-
bei eine Anti-Seneszenz-Verbindung zu der
Zellkultur zugegeben wird, wodurch die Zellkul-
tur eine verbesserte Zellkultur-Eigenschaft be-
sitzt, die sich von einer entsprechenden Zellkul-
tur-Eigenschaft unterscheidet, welche unter
sonst identischen Bedingungen in einem sonst
identischen Medium, in welchem die Anti-Se-
neszenz-Verbindung fehlt, beobachtet werden
wirde, wobei die Anti-Seneszenz-Verbindung
aus der Gruppe, bestehend aus Carnosin, Ace-
tyl-Carnosin, Homo-Carnosin, Anserin und Be-
ta-Alanin und Kombinationen davon, ausge-
wahlt ist, wobei die Anti-Seneszenz-Verbindung
in dem Zellkultur-Medium in einer Konzentration
zwischen etwa 5 mM und etwa 100 mM vorhan-
den ist und wobei die verbesserte Zellkultur-Ei-
genschaft aus der Gruppe, bestehend aus: er-
hoéhtem Titer, erhdhter zell-spezifischer Produk-
tivitat, verringerter Akkumulation hochmoleku-
largewichtiger Aggregate, verringerter Akkumu-
lation saurer Spezies und Kombinationen da-
von, ausgewahlt ist.

Verfahren gemall Anspruch 6, wobei die Anti-Se-
neszenz-Verbindung dem Zellkultur-Medium zum
Beginn des Zellkultur-Verfahrens zugegeben wird.

Verfahren gemaR Anspruch 6 oder 7, wobei die Anti-
Seneszenz-Verbindung dem Zellkultur-Medium
wahrend der Wachstumsphase zugegeben wird.

Verfahren gemaf Anspruch 6, 7 oder 8, wobei die
Anti-Seneszenz-Verbindung dem Zellkultur-Medi-
um wahrend der Ubergangsphase zugegeben wird.

Verfahren gemaf Anspruch 6-9, wobei die Anti-Se-
neszenz-Verbindung dem Zellkultur-Medium wah-
rend der Herstellungsphase zugegeben wird.

Verfahren gemall Anspruch 6, wobei die Anti-Se-
neszenz-Verbindung Carnosin umfasst.

Verfahren gemafl Anspruch 11, wobei der Zellkultur
des Weiteren ergdnzende Komponenten bereitge-
stellt werden.

Verfahren gemaR Anspruch 12, wobei die ergdnzen-
den Komponenten in einem Futter-Medium bereit-
gestellt werden.

Verfahren gemaf Anspruch 12 oder 13, wobei die
erganzenden Komponenten aus der Gruppe, beste-
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hend aus Hormonen und/oder anderen Wachstums-
faktoren, bestimmten lonen (wie z.B. Natrium, Chlo-
rid, Kalzium, Magnesium und Phosphat), Puffern,
Vitaminen, Nukleosiden oder Nukleotiden, Spuren-
elementen (anorganische Verbindungen, die nor-
malerweise in sehr geringen Endkonzentrationen
vorhanden sind), Aminosauren, Lipiden, Glucose
oder anderen Energiequellen und Kombinationen
davon, ausgewahlt sind.

Verfahren gemafl Anspruch 12, 13 oder 14, wobei
die erganzenden Komponenten eine Anti-Senes-
zenz-Verbindung beinhalten.

Verfahren gemafR einem der vorstehenden Anspri-
che, wobei das hergestellte TNFR-Fusionsprotein
heterolog zu den Saugerzellen ist.

Verfahren gemaR einem der vorangehenden An-
spriiche, wobei die Sdugerzellen CHO-Zellen sind.

Verfahren gemaR einem der vorangehenden An-
spriiche, wobei das TNFR-Fusionsprotein ein
TNFR-Fc umfasst.

Verfahren gemal Anspruch 18, wobei das TNFR-
Fc Etanercept ist.

Verfahren zur Herstellung eines Proteins geman ei-
nem der vorangehenden Anspriiche, des Weiteren
umfassend den Schritt der Isolierung des Proteins
aus dem Zellkultur-Medium.

Verfahren gemaf Anspruch 20, wobei das Protein
des Weiteren fir eine Formulierung gereinigt oder
verarbeitet wird.

Verfahren gemaf Anspruch 21, wobei das Protein
zu einer pharmazeutischen Zusammensetzung for-
muliert wird.

Verfahren zur Herstellung eines Proteins geman ei-
nem der vorstehenden Anspriiche, wobei die hoch-
molekulargewichtigen Aggregate falsch gefaltete
Proteine umfassen.

Revendications

1.

Procédé de production de protéine de fusion TNFR
en culture cellulaire, comprenant les étapes
suivantes :

la culture de cellules de mammiféres qui con-
tiennent un géne codant la protéine de fusion
TNFR, lequel gene est exprimé dans des con-
ditions de culture cellulaire, dans un milieu de
culture cellulaire comprenant un composé anti-
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sénescence, dans lequel le composé anti-sé-
nescence est choisi dans le groupe constitué
par la carnosine, I'acétyl-carnosine, 'omo-car-
nosine, I'ansérine et la béta-alanine et des com-
binaisons de celles-ci etdans lequelle composé
anti-sénescence est présent dans le milieu de
culture cellulaire a une concentration comprise
entre environ 5 mM et environ 100 mM ; et

le maintien de la culture dans des conditions et
pendantun temps suffisants pour permettre I'ex-
pression de la protéine ; dans lequel la culture
cellulaire présente une caractéristique de cultu-
re cellulaire améliorée qui differe d’'une caracté-
ristique de culture cellulaire correspondante qui
serait observée dans des conditions par ailleurs
identiques dans un milieu par ailleurs identique
quiestdépourvu du composé anti-sénescence ;
dans lequel la caractéristique de culture amé-
liorée est choisie dans le groupe constitué par :
un titre accru, une productivité spécifique de cel-
lules accrue, une accumulation réduite d’agré-
gats de poids moléculaire élevé, une accumu-
lation réduite d’espéces acides, et des combi-
naisons de ceux-ci.

Procédé selon la revendication 1, dans lequel le
composé anti-sénescence comprend de la carnosi-
ne.

Procédé selon 'une quelconque des revendications
1 et 2, dans lequel la culture cellulaire est en outre
pourvue de composants supplémentaires.

Procédé selon la revendication 3, dans lequel les
composants supplémentaires sont fournis dans un
milieu d’alimentation.

Procédé selon la revendication 3 ou 4, dans lequel
les composants supplémentaires sont choisis dans
le groupe constitué par des hormones et/ou autres
facteurs de croissance, en particulier des ions (tels
que sodium, chlorure, calcium, magnésium et phos-
phate), des tampons, des vitamines, des nucléosi-
des ou nucléotides, des éléments traces (composés
inorganiques généralement présents a de trés fai-
bles concentrations finales), des acides aminés, des
lipides, du glucose ou autre source d’énergie, et des
combinaisons de ceux-ci.

Procédé de production d’une protéine de fusion TN-
FR comprenant les étapes suivantes :

la culture de cellules de mammiféres qui con-
tiennent un géne codant la protéine de fusion
TNFR dans un milieu de culture cellulaire, le-
quel gene est exprimé dans des conditions de
culture cellulaire, a une premiere température
ou plage de température propice ala croissance
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cellulaire pendant une phase de croissance ; le
décalage de la température ou plage de tempé-
rature du milieu de culture cellulaire vers une
seconde température ou plage de température
propice a la production de protéine ;

la culture des cellules hétes dans le milieu de
culture cellulaire a la seconde température ou
plage de température via une phase de transi-
tion et dans une phase de production ; dans le-
quel un composé anti-sénescence est ajouté a
la culture cellulaire et de telle sorte que la culture
cellulaire présente une caractéristique de cultu-
re cellulaire améliorée qui differe d’'une caracté-
ristique de culture cellulaire correspondante qui
serait observée dans des conditions par ailleurs
identiques dans un milieu par ailleurs identique
qui est dépourvu du composé anti-sénescence,
dans lequel le composé anti-sénescence est
choisidans le groupe constitué par la carnosine,
'acétyl-carnosine, 'homo-carnosine, 'ansérine
etlabéta-alanine et des combinaisons de celles-
ci ; danslequel le composé anti-sénescence est
présent dans le milieu de culture cellulaire a une
concentration comprise entre environ 5 mM et
environ 100 mM, et dans lequel la caractéristi-
que de culture cellulaire améliorée est choisie
dans le groupe constitué par : untitre accru, une
productivité spécifique de cellules accrue, une
accumulation réduite d’agrégats de poids molé-
culaire élevé, une accumulation réduite d'espé-
ces acides, et des combinaisons de ceux-ci.

Procédé selon la revendication 6, dans lequel le
composé anti-sénescence est ajouté au milieu de
culture cellulaire au début du processus de culture
cellulaire.

Procédé selon la revendication 6 ou 7, dans lequel
le composé anti-sénescence est ajouté au milieu de
culture cellulaire pendant la phase de croissance.

Procédé selon larevendication 6, 7 ou 8, dans lequel
le composé anti-sénescence est ajouté au milieu de
culture cellulaire pendant la phase de transition.

Procédé selon les revendications 6 a 9, dans lequel
le composé anti-sénescence est ajouté au milieu de
culture cellulaire pendant la phase de production.

Procédé selon la revendication 6, dans lequel le
composé anti-sénescence comprend de la carnosi-
ne.

Procédé selon la revendication 11, dans lequel la
culture cellulaire est en outre pourvue de compo-

sants supplémentaires.

Procédé selon la revendication 12, dans lequel les
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composants supplémentaires sont fournis dans un
milieu d’alimentation.

Procédé selon larevendication 12 ou 13, dans lequel
les composés supplémentaires sont choisis dans le
groupe constitué par des hormones et/ou autres fac-
teurs de croissance, en particulier des ions (tels que
sodium, chlorure, calcium, magnésium et phospha-
te), des tampons, des vitamines, des nucléosides ou
nucléotides, des éléments traces (composés inor-
ganiques généralement présents a de trés faibles
concentrations finales), des acides aminés, des li-
pides, du glucose ou autre source d’énergie, et des
combinaisons de ceux-ci.

Procédé selon la revendication 12, 13 ou 14, dans
lequel les composants supplémentaires compren-
nent un composé anti-sénescence.

Procédeé selon 'une quelconque des revendications
précédentes, dans lequel la protéine de fusion TNFR
produite est hétérologue aux cellules de
mammiféres .

Procédé selon 'une quelconque des revendications
précédentes, dans lequel les cellules de mammife-
res sont des cellules CHO.

Procédé selon 'une quelconque des revendications
précédentes, dans lequel la protéine de fusion TNFR
comprend une TNFR-Fc.

Procédé selon la revendication 18, dans lequel la
TNFR-Fc est une étanercept.

Procédé de préparation d’'une protéine selon 'une
quelconque des revendications précédentes, com-
prenant en outre I'étape d’isolation de la protéine du
milieu de culture cellulaire.

Procédé selon la revendication 20, dans lequel la
protéine est en outre purifiée ou traitée pour formu-
lation.

Procédé selon la revendication 21, dans lequel la
protéine est formulée en une composition pharma-
ceutique.

Procédé de préparation d’'une protéine selon 'une
quelconque des revendications précédentes, dans
lequel les agrégats de poids moléculaire élevé com-
prennent une protéine mal repliée.
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Figure 1a. Effect of Carnosine on Acidic Peaks for MYO-29.
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Figure 1c. Effect of Carnosine Additions on Different Days on Acidic Peaks.
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Figure 1d. Effect of Carnosine Additions on Different Days on High
Molecular Weight Aggregates.
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Figure 2a. Effect of Carnosine on Daily Viable Cell Density.
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Figure 2¢. Effect of Carnosine on Daily Titer.
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Figure 2e. Effect of Carnosine on High Molecular Weight Aggregates.
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Figure 3b. Effect of Different Concentrations of Carnosine on Daily Cell
Viability.
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Figure 3d. Effect of Different Concentrations of Carnosine on Cumulative
Specific Cellular Productivity.
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Figure 4. Viable Cell Density Profiles of a Chinese Hamster Ovary (CHO)
Cell Line Producing Recombinant TNFR Fusion Protein Grown in Media
Containing or Lacking Carnosine.
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Figure 5. Cell Viability Profiles of a Chinese Hamster Ovary (CHO) Cell Line
Producing Recombinant TNFR Fusion Protein in Media Containing or
Lacking Carnosine.
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Figure 6. Effect of Carnosine on the Percentage of Aggregated/Misfolded
TNFR Fusion Protein.
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Figure 7. Effect of Carnosine on the Percentage of High Molecular Weight
(HMW) Aggregates Produced by a Chinese Hamster Ovary (CHO) Cell Line
Producing Recombinant TNFR Fusion Protein.
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Figure 8. Product Titer Profiles of a Chinese Hamster Ovary (CHO) Cell
Line Producing Recombinant TNFR Fusion Protein Grown in Media
Containing or Lacking Carnosine.
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Figure 9. Specific Cellular Productivity Profiles of a Chinese Hamster Ovary
(CHO) Cell Line Producing Recombinant TNFR Fusion Protein Grown in
Media Containing or Lacking Carnosine.

8 -
>
(5]
o7
—
L
]
(&)
o6
()]
—
(=]
£
=
ad
(e
o
z 4 —@— Controi (N=4) ||
g - < - 20 mM Carnosine
O3 : . : :

2 4 6 8 10 12

Culture Time [dl

30



EP 2 139 987 B9

Figure 10. Total Sialylation Profiles, Expressed as a Percentage of the
Reference Material, of Recombinant TNFR Fusion Protein Produced by a
Chinese Hamster Ovary (CHO) Cell Line Grown in Media Containing or
Lacking Carnosine.
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Figure 11. Distribution of Sialylated N-linked Oligiosaccharides, Expressed as
a Percentage of Total N-Linked Oligosaccharides, of Recombinant TNFR
Fusion Protein Produced by a Chinese Hamster Ovary (CHO) Cell Line
Grown in Media Containing or Lacking Carnosine.
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