
SERU / R CELL CULTURE MEDIUM FOR MAMMALIAN CELLS FIELD
QF THE INVENTION. The present invention is in the
field of cultivation of mammalian cells under
serum-free culture conditions, in particular far
cultivation of cells producing recombinant proteins
such as e.g. human growth hormone (hGH). BACKGROUND OF
THE INVENTION The present invention relates to a
serum-free medium for the growth and maintenance sf
mammalian cells in culture. Cell culture is widely
used today for the production of various biologically
active products, such as viral vaccines, monoclonal
antibodies, non-antibody immuns- regulators,
polypeptide growth factors, hormones, enzymes, tumor
specific antigens, etc. These products are produced by
normal ar transformed and genetically engineered
cells. For culturing cells, in the past the culture
medium was supplemented with serum, which serves as a
universal nutrient for the growth and maintenance of
all mammalian cell lines that produce biologically
active products. Serum contains hormones, growth
factors, carrier proteins, attachment and spreading
factors, nutrients, trace elements, etc, Culture media
usually contained up to about 10% of animal serum,
such as fetal bovine serum (FBS) also called fetal
calf serum (FCS), Although widely used, serum has many
limitations. It contains high levels of numerous
proteins interfering with the limited quantities of
the desired protein of interest produced by the cells.
These proteins derived from the serum must be
separated from the product during downstream
processing such as purification of the protein of
interest, which complicates the process and increases
the cost. The advent of BSE (Bovine Spongiform
Encephalopathy), a transmissible neurodegenerative
disease of cattle with a long latency or incubation
period, has raised regulatory concerns about using
animal-derived sera in the production of biologically
active products. There is therefore a great demand for
the development of alternative media free from animal
ssrurn that support cell growth and maintain cells
during the production o F biologically active
products.Generally, cell culture media comprise many
components of different categories, such as amino
acids, vitamins, salts, fatty adds, and further
compounds: - Amino acids: For instance, US 6,048,728
(Now et al.) discloses that the following amino acids
may be used in a cell culture medium: Alanine,
Arginine, Aspartic Acid, Cysteine, Glutamic Acid,
Glutamin, Glycine, Histidine, Isoleucine, Leucine,
Lysine, Methionine, Phenyalanine, Proline, Serine,
Tryptophan, Tyrosine, Threonine, and Valine. -
Vitamins: US 2003/0096414 (Ciccarope et al.) or US
5,811,299 (Renner et al.) for example describe that
the following vitamins may be used in a cell culture
medium: Biotin, Pantothenate, Choline Chloride, Folic
Acid, Myoinositol, Niacinamide, Pyrldoxine,
Riboflavin, Vitamin B12, Thiamine, Putrescine , -
Salts: For instance, US 6,399,381 (Blum et a!.)
discloses a medium comprising CaCl , KCl1 MgCl2, NaCI,
Sodium Phosphate Monobasic, Sodium 



Phosphate Dibasic, Sodium Selenite, CuSO , ZnCI2.
Another example for a document disclosing the
inorganic salts that may be used in a culture medium
is US 2003/0153042 (Arnold et al.), describing a
medium comprising CaCI2, KCl, MgCI , NaCI, Sodium
Phosphate Monobasic, Sodium Phosphate Dibasic, CuCI
.2H20, ZnCI2. - Fatty acids; Fatty acids that ar(c)
known to be used in media are Arachidonlc Acid,
Linoleic Acid, Oleic Acid, Laurie Acid, Myristic Acid,
as well as Methyl-beta- Cyclodextrln, see e.g. US
5,045,468 (Darfler). It should be noted that
cyclodextrin is not a lipid per se, but has the
ability to form a complex with lipids and i thus used
to sslubtlize lipids in the cell culture medium. -
Further components, in particular used in the frame of
serum-free cell culture media, are compounds such as
glucose, glutamine, Na-pyruvate, insulin or
ethanolamine (e.g. EP 274 445), or a protective agent
such as Pluronic F68. Pluronc(r) F68 (also known as
Polsxamer 188) is a block copolymer of ethylene oxide
(EO) and propylene oxide (PO). Standard "basic media"
are also known to the person skilled in the art, These
media already contain several of the medium components
mentioned above. Examples of such media that are
widely applied are Pulbecco's Modified Eagle's Medium
(DMEM), DMEM F12 (1:1), Ham's Nutrient mixture F-10,
Roswel! Park MemorialInstitute Medium (RPMl), MCDB
131, or William's Medium E, These commercial media are
available e.g. from Gibco, Invltrogen. Metals such as
Zinc (Zn) and Copper (Cu) are involved in metabolic
reactions (Vall bb and Falchuk, 1993, or Lindner,
1991). Zinc is essential to the structure and function
of a large number of macramolecuies and for many
enzymatic reactions. It plays a catalytic,
co-catalytic or structural role in the proper folding
of proteins, Zn-ATf is necessary for the synthesis of
pyridoxal-5-phosphate and flavin adenosine
dinucleotide (FAD), two coenzymes essential for
biogenic amine synthesis and monoamine oxidase
metabolism. The activity of Zinc in protecting
biological structures from damage by free radicals may
be due to several factors: maintaining the adequate
level of rnetalloproteins, which are also free radical
scavengers, as an essential component of superoxide
dismutaae, as a protective agent for thiols, and in
preventing the interaction o chemical groups with Iron
to form free radicals. In addition to that, the
presence of Zn prevents lipid peroxidation. Zinc is
also an effector of tubulin polymerization and acts in
vitro on actin filament formation and stabilization.
Zinc is also a component of the Zinc finger motif of
DNA binding proteins, which is a common motif in
transcription proteins. Zinc ions exist primarily in
the form of complexes with proteins and nucleic acids
and participate in all aspects of intermediary
metabolism, transmission and regulation of the
expression of genetic information, storage, synthesis
and action of peptide hormones and structural
maintenance of chromatin and bio-msmbranes. Copper is
also a trace element important for the function of
many cellular enzymes. Copper ions can adopt distinct
redox states, oxidized Cu (II), or reduced Cu (I),
allowing the metal to play a pivotal role in cell
physiology as catalytic cofactor in 



the rdox-chemistry of enzymes. It functions in a group
of copper oxidases, which include cytochrome c
oxidase, tyrosinase, dapamin(c)-b-monoocygenas(c),
amine oxidases and lysyl oxidase. Copper also
participates in mitochondrial respiration, iron
homeostasis as a component of cerulsplasmin, free
radical scavenging and elsatin crosslining. Serum-free
media comprising mstal ions such as zinc or copper
ions are known in the art, e.g. from US 6,048,728
(Inlow et al.), US 4,767,704 (Cleveland et al.) or WO
01/16294 (Life Technologies Inc.). However, these
documents do not describe aproductivity-enhancing
effect of these ions if added at specific
concentrations to a standard production medium. For
the development and supply of biologically active
products, such as S therapeutic proteins or vaccines,
large amounts must be produced. Suitable cells that
are widely used for production of polypeptides are
Chinese Hamster Ovary (CHO) cells. CHO cells were
first cultured by Puck (J.Exp.Med. 108, 945, 1958)
from a biopsy of an ovary from a female Chinese
hamster. From these original cells a number of
sub-lines were prepared with various characteristics.
One of these CHO cell lines, 0 CHO-K1, fs
proline-rquiring and is diploid for the dihydrofolate
reductase (DHFR) ge p e . Another line derived from
this cell line is a DHFR deficient CHO cell line (CHO
DUK B11) (PNAS 77, 1980, 4216-4220), which is
characterized by the loss of DHFR function as a
consequence of a mutation in one DHFR gene and the
subsequent loss of the other gene. 5 Further cells
that are frequently used for the production of
proteins intended for administration to humans are
human cell lines such as the human fibrosarcoma cell
line HT1080 or the human embryonic kidney eel! line
293. The murine C127 cell line is also highly suitable
for production of recombinant proteins (Carter et al.,
1989; Oka and Rupp, 1990). 0 One therapeutic protein
of interest is growth hormone. Human growth hormone
(hGH), also known as sornatropin (INN) or
somatotropin, is a protein hormone produced and
secreted by the somatotropic cells of the anterior
pituitary. Human growth hormone plays a key role in
somatic growth in childhood and in metabolism in
adulthood through its effects on the metabolism of
proteins, carbohydrates and lipids. Human growth
hormone is a single polypeptide chain of 191 amino
acids (Bewiy et a 1972) having two disulfide bonds,
one between Cys-53 and Cys-165, forming a large loop
In the molecule, and the other between Cys-182 and
Cys-189, forming a small loop near the C-terminus. Tho
DNA sequence that confirmed the amino add sequence was
reported by Martial et al (1979), Purified hQH is a
white amorphous powder in its lyophilfzed form. It is
readily soluble (concentrations >10 mg/L) in aqueous
buffers at pH in a range of 6.5 to 8.5.In solution,
hGH exists predominantly as a monomer, with a small
fraction as dinners and higher molecular weight
oligomers. Under certain conditions, hGH can be
induced to form larger amounts of dinners, trimers and
higher oligomers. Several derivatives of hGH are
known, including naturally-occurring derivatives, 5
variants and metabolic products, degradation products
primarily of biosynlhetic hGH and engineered
derivatives of hGH produced by genetic methods. One
example of a naturallyoccurring 



derivative of hGH is GH-V, a variant of growth hormone
found in the placenta. Other members of the gene locus
are described in Chen el al (1939). Any derivative of
hGH, including derivatives designed to be long-lasting
in the body, can be used for the o purpose of the
present invention as long as it retains the biological
activity of hGH. Methionyl hGH was the first form of
hGH to be produced through recombinant DNA technology.
This compound is actually a derivative of hGH having
one additional methionine residue at its N-termnus
(Goeddel et al, 1979). A naturally-occurring variant
of hGH called 20-K-hGH has been reported to occur In 5
the pituitary as well as in the bloodstream (Lewis et
al, 1978; Lewis et al, 1980). This compound, which
lacks the 15 amino acid residues from GIu-32 to
Gln-46, arises from an alternative splicing of the
messenger ribonucleic acid {DeNoto etal, 1981). This
compound shares many, but not all of the biological
properties of hGH, 20-K-hGH is made in the pituitary
and secreted into the blood. It makes up about 5% of
growth hormone output of adults, and about 20% of
growth hormone output of children. If has the same
growth promoting activity as 22 kD growth hormone, and
has been reported to have equal to or greater the
amount of lipolytic activity as the 22 kD form. It
binds to growth hormone receptors with equal affinity
as the 22 kD growth hormone, and has one tenth the
lactogenic (prolactin-iikq) boacttvity as the 22 kD
hormone. Unlike 22 kD, the 20-k-hGH has weak
anti-insulin activity. A number of derivatives of hGH
arise from proteolytic modifications of the molecule.
The primary pathway for lhe metabolism of hGH Involves
proteolysis. The region of hGH around residues 130-150
is extremely susceptibte to proteolysis, and several
derivatives of hGH having nicks or deletions in this
region have been described (Thorlacjus-Ussing, 1987).
This region is in the large loop of hGH, and cleavage
of a peptide bond there results in the generation of
two chains that are connected through the disulfide
bond at Cys-53 and Cys- 165. Many of these two-chain
forms are reported to have increased biological
activity (Singh et al, 1974). Many derivatives of
human growth hormone have been generatedartificially
through the use of enzymes. The enzymes trypsin and
subtilisin, as well as others, have been used to
modify hGH at various points throughout the molecule
(Lewis et al, 1977; Graff et al, 1982). One such
derivative, called two-chain anabolic protein (2-CAP),
was formed through the controlled proteolysis of hGH
using trypsin (Becker et al, 1989). 2- CAP was found
to have biological properties very distinct from those
of the intact hGH molecule, in that the
growth-promoting activity of hGH was largely retained
and most of the effects on carbohydrate metabolism
were abolished. Asparagine and glutamine residues in
proteins are susceptible to deamidalion reactions
under appropriate conditions. Pituitary hGH has been
shown to undergo this type of reaction, resulting in
conversion of Asn-152 to aspartic acid and also, to a
lesser extent, conversion of Gln-137 to glutamic acid
(Lewis et al, 1981). Dearnidated hGH has been shown to
have an altered susceptibility to proteolysis with the
enzyme subtilisin, suggesting that deamidation may
have physiological significance in directing
proteolytic cleavage of hGH. Biosynthetic hGH is known
to degrade under certain storage conditions, resulting
in deamidation at a different asparagine (Asn-149).
This is the primary site of deamidation, but
deamidation at Asn-152 is also seen (Becker et al,
1988). Deamidation at Gln-137 has not been reported in
biosynthetic hGH. 



Methionine residues in proteins are susceptible to
oxidation, primarily to the sulfoxide. Both
pituitary-derived and biosynthetic hGH undergo
sulfoxidations at Met-14 and Met-125 (Becker et al,
1988). Oxidation at MeM 70 has also been reported in
pituitary but not biasynthetic hGH. Both desamide hGH
and Met- 14 sulfoxide hGH have been found to exhibit
full biological activity (Becker et al, 1988).
Truncated forms of hGH have been produced, either
through the actions of enzymes or by genetic methods.
2-CAP, generated by the controlled actions of trypsin,
has the first eight residues at the N-terminus of hGH
removed. Other truncated versions of hGH have been
produced by modifying the gene prior to expression in
a suitable host The First 13 residues have been
removed to yield a derivative having distinctive
biological properties (Gertler et al, 1986) in which
the polypeptide chain is not cleaved. Although human
growth hormone was originally obtained lrorn pituitary
glands of cadavers, these preparations were not
electorphoretically homogeneous, and antibodies
appeared in the serum of patients treated with
preparations of the order of 50% purity, the
irnmunogenicity being attributed to inactive
components. Recombinant DNA technology permitted
production of an unlimited supply gf hGH in a number
of different systems.Purification of hGM from the
culture medium is facilitated by the presence of only
low amounts of contaminating proteins. In fact, it has
been shown that hGH can be purified on a laboratory
scale by a single purification step on a
reversed-phase HPLC column (Hsiung et al (1989),
Recombinant human growth hormone, rhGH > is produced
by Serono International S.A. as SEROSTIM(r), which
product has been given accelerated FDA approval for
treating weight loss and wasting in AIDS patients,
SAIZEN(r) is recombinant human growth hormone
indicated for GH deficiency in children, for Turner
syndrome in girls, as well as chronic renal failure in
children. PROTROPIN(r), produced by Genentech, Inc.
(South San Francisco, CA), differs slightly in
structure from natural sequence hGH, having an
additional methionine residue at the N-terminus.
Recombinant hGH is generally marketed as vials
containing hGH plus additional exf ients, e.g.,
glycine and mannitol, in a lyophilfeed form. A
companion diluent vial is provided, allowing the
patient to reconstitute the product to the desired
concentration prior to administration of the dose.
Recombinant hGH can also b(c) marketed in other
well-known manners, such as prefilled syringes, etc.
In general, no significant differences have been
observed in the pharmacokinetics or biological
activities of recombinant natural sequence hGH,
recombinant N-methionyl-hGH, or pituitary-derived
material in humans (Moore et ai, 19SS; Jorgensson et
al, 1988). In view of the various medical indications
for which growth hormone is used, there is a need for
an efficient and safe way of producing sufficient
quantities of it in cell culture, in particular in a
serum-free ceil culture process. Serum-free media have
been described in the art. For instance, US 6,162,643
describes a serum-free basal medium designated
HECK-109, containing trace amounts of Copper Sulphate
and Zinc Chloride. This medium is specifically
designed for primary and secondary cultures of normal
human cells such as keratinocytes with the aim of
tissue generation for human transplantation.
Expression of recombinant human proteins in cell lines
in vitro Is not mentioned in this US patent. US
5,324,656 discloses a serum-free basal medium called
MCDB120 and MCDB 



131M, comprising trace amounts of Copper Sulphate and
Zinc Chloride, This medium is specifically designed
for the in vitro culture of human muscle satellite
cells with the aim of preventing differentiation of
these cells. Production of recombinant human proteins
is not envisaged in the frame of this documentGB 2 196
348 describes a synthetic medium for the in vitro
culture of bybridoma and myeloma cells. The medium
contains Copper, Zinc and Ferric ions. Cultivation of
the hybridoma or myeloma cells In this medium is
exclusively for the purpose of manufacturing
monoclonal antibodies. US 6,103,529 provides for a
serum-free cell culture medium formulation for the in
vitro cultivation of animal celis. The animal cells
may be used for the production of viruses, monoclonal
antibodies, hormones or growth factors. However, the
production of growth hormone is not mentioned in this
document. US 6,048,728 discloses a protein-free ceil
culture medium comprising Co-, Zn- and Fe-lons for the
cultivation of animal cells in order to produce e.g.
natural or recombinant products, such as antibodies.
Such products to be produced by the cultured cells do
not include growth hormones or growth factors, which
are exclusively mentioned as constituents of the
serum-free medium in order to enhance cell growth of
in culture. US 5,31 6,938 discloses a biochemically
defined culture medium for Chinese Hamster Ovary (CHO)
cells comprising Ferric Citrate, Zinc sulphate and
Copper sulphate, named WCM5. The medium is
specifically designed for antibody and tPA production
in CHO cells. US 5,122,459 describes a method for
production of recombinant proteins in a serum-free
culture medium containing Zinc and Ferric ions,
particularly suitable for the culture of CHO cells,
Production of growth hormone is not mentioned in this
document. Therefore, the problem underlying the
present Invention is providing a serum-free ceil
culture medium for the efficient production of Growth
Hormone, in particular human Growth Hormone (hGH).
SUMMARY OF THE INVENTION! The present invention is
based on the development of a cell culture medium that
is free from components derived from animal serum and
at the same time highly effective for cell growth and
maintenance of mammalian cells in culture,
particularly allowing production of recombinant
proteins. Therefore, In a first aspect, the invention
relates to a cell culture medium free from components
derived from animal serum, comprising Zinc and/or
Copper, in trace amounts. Preferably, the medium of
the invention further comprises Ferric ions in trace
amounts.In a second aspect, the invention relates to a
process for production of a protein comprising the
step of culturing a cell expressing a protein of
interest in the medium of lhe invention, A third
aspest of the Invention relates to the use of a medium
according to the invention for the production of a
protein of interest. A fourth aspect of the invention
relates to the use of a medium according to the
invention for the maintenance of cells in culture
during production phase of a polypeptide of interest.
BRIEF DESCRIPTION OF THE DRAWINGS 



Fig. 1 shows the rhGH productivity profile obtained in
the production phass under continuous addition of
different elements at 10 mM into DMEM culture medium
(RB s= roller bottle, H1-H14 production phase days 1
to 14); Fjp. 2 shows the average rhGH productivity
values, expressed as mg rhGH per roller bottle,
obtained in the production phase under continuously
adding of metals (Nickel, Barium, Cobalt, Chromium) at
10 mM into DMEM culture medium; Fig. 3 shows the
average values of rhGH productivity increase as
compared to control, obtained in the factorial design
experiment for testing combinations of zinc (Zn 0.5
mM), copper (Cu 0.02 mM), selenium (Se 0.050 mM),
manganese (Mn 0.001 mM) and ferric citrate (4,8 mM);
Fig. 4 shows the results of a factorial design
experiment to determine the result of a mixture of
metallic trace elements (Zn 0.5 mM, Cu 0.02 m.M and
ferric citrate 4.8 mM) and the amino acids glutamine
(GIn 4.8 mM), serine (Ser 0,49 rnM) and cystine (Cys
0.29 mM); Fig. 5 shows the effect of different
concentrations of copper combined with zinc and ferric
citrate (Zn 0.5 mM, Fe Citrate 4.8 mM) on rhGH
productivity in the DMEM; Fig, 6 shows the effect of
different concentrations of zinc combined with copper
and ferric citrate (Cu 0.02 mM, Fe Citrate 4,8 mM) on
rhGH productivity in the DMEM; and Hg . 7, shows the
summary of the effect of the rhGH productivity
increase obtained when adding copper, zinc and ferric
citrate (Zn: 1.5 and 0.5 mM, Cu: 0,02 mM and ferric
citrate; 4.8 mM) as DMEM supplements from different
experiments with rhGH-praducing C127 cells.DETAILED
DESCRIPTION OF THE INVENTION The present invention is
based on the development of a cell oulture medium that
is free from animal serum, In accordance with the
present invention, the cell culture medium free from
animal serum comprises: Zinc (Zn) in a concentration
ranging from 0.2 to 1.75 mM, and/or Copper (Cu) in a
concentration ranging from 10 to 75 nM, and/or Ferric
ions (Fe) in a concentration ranging from 3 to 10 mM.
As shown in the Examples below, addition of Zn and/or
Cu in trace amounts to a standard medium resulted in
increase of productivity of cells expressing a
secreted protein of interest. The addition of both Zn
and Cu in the above-identified concentrations led to
an increase in productivity of recombinant human
growth hormone (GH) in C127 cells of over 60% of the
control (same cells cultured in standard DMEM). When
the GH expressing ceils wore cultured in a medium
comprising Zn, Cu and, Fe ions in the above-identified
concentrations, the productivity was increased by
about 70% as compared to the control. Preferred
concentration ranges of the metal ions of the medium
of the invention are as follows: - Zinc at about 0.2,
0.25, 0.30, 0.35, 0.40, 0.45, 0.5, 0,55, 0.60, 0,65,
0.70, 0.75, 0.80, 0.85, 0.90, 0.95, 1, 1.05, 1,1,
1.15, 1.2, 1.25, 1.3, 1.35, 1.4, 1.45, 1.5, 1.55, 1.6,



1.65, U 1 1.75 mM. Preferably, zinc is comprised at
about 0.5 mM or about 1,5 mM. It is also preferred
that zinc is comprised as zinc sulfate. - Copper at
about 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65,
70, or 75 nM. Preferably, copper is comprised at about
25 nM. It is also preferred that Copper is comprised
as copper sulfate. - Ferric ions are comprised at
about 1, 1.5, 2, 2.5, 3, 3.5, 4, 4,5, 4.8, 5, 5.5, 6,
6,5, 7, 7.5, 8, 3.5, 9, 9.5 or 10 mM. Preferably,
ferric ions are comprised at about 5 or 6 mM. Ferric
ions may preferably be comprised as ferric citrate
and/or ferric nitrate, and it is further preferred
that ferric citrate accounts for most of the ferric
ions comprised in the cell culturemedium. The medium
may comprise, for example, about 5 mM of ferric
citrate and about 1 mM of ferric nitrate. In a
preferred embodiment, the medium further comprises the
components of a basic medium. It is preferred that the
medium contains Dulbecco's Modified Eagle's Medium
(DMEM) as basic medium. The composition of standard
DMEM is reported in the example below. The second
aspect of the present invention relates to a process
for production of a protein comprising the step of
culturing a cell expressing a protein of interest in
the medium of the invention, The culturing step of the
process of the invention may be carried out in any
suitable environment, such as Petri dishes, T-fiasks
or roller bottles, but may also b(c) done in vessels
having greater volumes such as e.g. a bioreactor. The
protein of the Invention may be expressed using any
promoter that is suitable in lhe particular cell type
used. In a highly preferred embodiment, the protein is
expressed from the meta othionein (MT) promoter. If
murine cells are used for protein production, the
promoter is preferably the murine MT-1 promoter.
Preferably, the process further comprises the step of
collecting the medium comprising the protein of
interest. In a preferred embodiment, the process
further comprises isolating the protein of interest.
In a further preferred embodiment* the process further
comprises formulating the isolated protein with a
pharmaceutically acceptable carrier to obtain a
pharmaceutical composition. In a third aspect, lhe
invention relates to the use of the medium according
to the invention for the production of a polypeptide
of interest. In a fourth aspect, the invention relates
to the use of a medium of the invention for the
maintenance of cells in culture during production
phase of a polypeptide of interest. The cells to be
used in the frame of the various aspects of the
present invention are preferably mammalian cells. They
may be of human or animal origin. Examples of
mammalian cells that can be cultured in the process
according to the present inventioninclude, e.g.,
murine C127 cells, 3T3 cells, COS cells, human
osteosarcoma cells, MRC-5 cells, BHK cells, VERO
cells, CHO (Chinese hamster ovary) cells, HEK 293
cells, rHEK 293 cells, normal human fibroblast cells,
Stroma cells, Hepatocytes cells, or 



PER.C6 cells. Examples of hybrdomas that may be
cultured in the process according to the present
invention include, e.g., DA4.4 calls, 123A cells, 127A
cells, GAMMA cells and 67-9-B cells. It is preferred
to culture murine C127 cells in accordance with the
present invention. The cells cultured in accordance
with the present invention may grow in suspension or,
for anchorage dependent cells, attached to a solid
support. Microcarriers and Fibra-Cel disks are used in
mammalian cell culture for the growth of anchorage
>-d(c)pendent cells and are among the established
technological platforms for industrial production of
proteins (see, e.g., Bshak etal. 1987; Petti et al.
1994). The process of the invention preferably serves
to produce a polypeptide of interest The medium of the
invention is thus used for the production of a
polypeptide or protein of interest, which may be any
polypeptide for which production is desired, either
small-scale or large-scale. The polypeptide of
interest may be e.g. a naturally secreted protein, a
normally cytoplasmic protein, a normally transmembrane
protein, or a human or a humanized antibody. When the
protein of interest is a naturally cytoplasmic or a
naturally transmembrane protein, lhe protein has
preferably been engineered in order to become soluble
and secreted, i.e. by placing a signal peptide in
front of It or of a (soluble or extracellular)
fragment of it. The polypeptide of interest may be of
any origin. Preferred polypeptides of interest are of
human origin, and more preferably, the proteins of
interest are therapeutic proteins. Preferably, the
protein of interest is selected from a hormone, a
cytoklne-binding protein, an interferon, a soluble
receptor, or an antibody. Therapeutic proteins that
may be produced according to a method of the present
invention include, e.g., chorionic gonadotropin,
follicle-stimulating hormone,
lutropip-choriogonadotropic hormone, thyroid
stimulating hormone, growth hormone, in particular
human growth hormone, interferons (e.g., interferon
beta-1a, interferon beta- 1b), interferon receptors
(e.g., interferon gamma receptor), TNF receptors p55
and p75tand soluble versions thereof, TACI receptor
and Fc fusion proteins thereof, lnterleukins (e,g
interleukin-2, interleukin-1 1), interleukin binding
proteins (e.g., interleukIn-1S binding protein),
anti-CD11a antibodies, erythropoietin, granulocyte
colony stimulating factor granulocyte-macrophage
colony-stimulating factor, pituitary peptide hormones,
menopausal gonadotropin, insulin-like growth factors
(e.g., somatomedin-C), keratinocyte growth factor,
glial cell line-derived neurotrophic factor,
thrombomodulin, basic fibroblast growth factor,
insulin, Factor VlII 1 somatropin, bone rnsrphogenetic
protein-2, platelet-derived growth factor, hirudin,
epoietin, recombinant l_FA-3/lgG1 fusion protein,
glucocerebros dase, and muteins, fragments, soluble
forms, functional derivatives, fusion proteins
thereof. In preferred embodiments, the polypeptide is
selected from the group consisting of chorionic
gonadotropin (CG)1 follicle-stimulating hormone (FSH),
lutropincho pagonadotropic hormone(LH) t thyroid
stimulating hormone (TSH), human growth hormone (hGH),
interferons (e.g., interferon beta-1a, interferon
befa-1b), interferon 



receptors (e.g., interferon gamma receptor), TNF
receptors p55 and p75, interleukins (e.g.,
jnterleukin-2, nterleukin-11 ), interleukin binding
proteins (e.g., interleukin-18 binding protein),
anti-CD11a antibodies, and muteins, fragments, soluble
forms, functional derivatives, fusion proteins
thereof. Further preferred polypeptides of interest
include, e.g., erythropoietin, granulocyte colony
stimulating factor, granulocyte-macrophage
colony-stimulating factor, pituitary peptide hormones,
menopausal gonadotropin, insulin-like growth factors
(e.g., sornatomedn-C), keratinocyte growth factor,
glial cell line-derived neurotrophic factor,
thrombomodulin, basic fibroblast growth factor,
insulin, Factor ViII, somatropin, bone morphogenstic
protein-2, platelet-derived growth factor, hirudin,
epoietin, recombinant LFA-3/lgG1 fusion protein,
glucscerebrosidase, and muteins, fragments, soluble
forms, functional derivatives, fusion proteins
thereof. Should the protein of interest that is
produced i the process of the invention be formulated
with a pharmaceutically acceptable carrier, the result
of the process is a pharmaceutical composition. The
definition of "pharmaceutically acceptable" is meant
to encompass any carrier, which does not interfere
with the effectiveness of the biological activity of
the active ingredient and that is not toxic to the
host to which it is administered. For example, for
parenteral administration, the active protein(s) may
be formulated in a unitdosage form for Injection in
vehicles such as saline, dextrose solution, serum
albumin and Ringer's solution. The pharmaceutical
composition formulated according to the invention may
then be administered to an individual in a variety of
ways. The routes of administration include
Intradermal, transdermal (e.g. in slow release
formulations), intramuscular, intraperitoneal,
intravenous, subcutaneous, oral, intracranial,
epidural, topical, rectal, and intranasal routes. Any
other therapeutically efficacious route of
administration can be used, for example absorption
through epithelial or endothelial tissues or by gene
therapy wherein a DNA molecule encoding the active
agent is administered to the patient (e.g. via a
vector), which causes the active agent to be expressed
and secreted in vivo. In addition, the prstein(s)
according to the invention can be administered
together with other components of biologically active
agents such as pharmaceutically acceptable
surfactants, ekcipients, carriers, diluents and
vehicles, For parenteral (e.g. intravenous,
subcutaneous, intramuscular) administration, the
active protein(s) can b formulated as a solution,
suspension, emulsion or lyophilized powder in
association with a pharmaceutically acceptable
parenteral vehicle (e.g. water, saline, dextrose
solution) and additives that maintain isotonicity
(e.g. rnannito!) or chemical stability (e.g.
preservatives and buffers). The formulation fs
sterilized by commonly used techniques. In accordance
with the present Invention, it is highly preferred to
use the medium of the invention for production of
growth hormone. QH may be native, i.e. naturally
occurring GH. Preferably, the GH to be produced is of
human origin. Since GH is a soluble, secreted protein,
it is released into the cell culture supernatant,
either by means of its natural signal peptide, or by
means of a heterologous signal peptide, i.e. a signal
peptide derived from another secreted 



protein which may be more efficient in the particular
expression system used. The term "growth hormone" is
ussd herein synonymously with "GH". This term includes
natural or native GH, recombinants produced GH s well
as the GH variants explained in detail in the
"Background of the Invention". The term "GH", as used
herein, further includes muteins, functional
derivatives, active fractions, fused proteins,
circularly permutated proteins and salts of GH. GH is
preferably human, but may also be derived from other
species, in particular mammals.As used herein the term
"muteins" refers to analogs of an GH, in which on(c)
or more of the amino acid residues of a natural GH are
replaced by different amino acid residues, or are
deleted, or one or more amino acid residues are added
to the natural sequence of an GH1 without diminishing
considerably the activity of the resulting products as
compared with the wild type GH. These muteins are
prepared by known synthesis and/or by site-directed
mutagenesis techniques, or any other known technique
suitable therefor. Muteins in accordance with the
present invention include proteins encoded by a
nucleic acid, such as DNA or RNA, which hybridizes to
DNA or RNA, which encodes a GH under stringent
conditions. DNAs encoding GH are known in the prior
art. The term "stringent conditions" refers to
hybridization and subsequent washing conditions, which
those of ordinary skill in the art conventionally
refer to as "stringent". SQQ Ausubel et al., Current
Protocols in Molecular Biology, supra, Intersciense,
N.Y., 6.3 and 6.4 (1987, 1992). Without limitation,
examples of stringent conditions include washing
conditions 12-2OC below the calculated Tm of the
hybrid under study in, e.g., 2 x SSC and 0.5% SDS for
5 minutes, 2 x SSC and 0.1% SDS for 15 minutes; 0.1 x
SSC and 0.5% SDS at 37C for 30-60 minutes and then, a
0.1 SSC and 0.5% SDS at 68C for 30-60 minutes. Those
of ordinary skill in this art understand that
stringency conditions also depend on the length of the
DNA sequences, oligonucleotide probes (such as 10-40
bases) or mixed oligonucleotide probes, If mixed
probes are used, it is preferable to use tetramethyl
ammonium chloride (TMAC) instead of SSC. See Ausubel,
supra. Identity reflects a relationship between two or
more polypeptide sequences or two or more
polynucleotide sequences, determined by comparing the
sequences. In general, identity refers to an exact
nucleotide to nucleotide or amino acid to amino acid
correspondence of the two polynucleotides or two
polypeptide sequences, respectively, over the length
of the sequences being compared. For sequences where
there is not an exact correspondence, a "% identity"
may be determined. In general, the two sequences to be
compared are aligned to give a maximum correlation
between the sequences. This may include inserting
"gaps" in either one or both sequences, to enhance the
degree of alignment. A % identity may be determined
over the whole length of each of the sequences being
compared (so-called global alignment), that is
particularly suitable for sequences of the same or
very similarlength, or over shorter, defined lengths
(so-called local alignment), that is more suitable for
sequences of unequal length. Methods for comparing the
identity and homology of two or more sequences are
well known in the art. Thus for instance, programs
available in the Wisconsin Sequence Analysis Package,
version 9.1 (Devereux J et al., 1984), for example the
programs BESTFIT and GAP, may be used to determine the
% identity between two 



polynucleotides and the % identity and the % homology
between two polypeptide sequences. BESTFIT uses the
"local homology" algorithm of Smith and Waterman
(1981) and finds the best single region of similarity
between two sequences. Other programs for determining
identity and/or similarity between sequences are also
known in the art, for instance the BLAST family of
programs (Altschul S F et al, 1990, Allschul S F et
al, 1997, accessible through the home page of the NCBI
at www.ncbi.nlm.nih.gov) and FASTA (Pearson W R,
1990). Any such mutein preferably has a sequence of
amino acids sufficiently duplicate of that of an GH,
such as to have substantially similar activity to GH.
One activity of GH is its capability of binding the GH
receptor, As long as the mutein has substantial
binding activity to the GH receptor (GHR)1 it can be
considered to have substantially similar activity to
GH. Thus, it can be determined whether any given
mutein has substantially the same activity as GH by
means of routine experimentation comprising subjecting
such a mutein, e.g., to a simple sandwich competition
assay to determine whether or not it binds to an
appropriately labeled GHR or cells expression GHR,
such as radioimmunoassay or ELISA assay. In a
preferred embodiment, any such mutein has at least 40%
identity or homology with the amino acid or DNA
sequence of a GH. These sequences are known in the
art, e.g. from DeNoto et al, 1981 or Martial et al.,
1979, More preferably, it has at least 50%, at least
60%, at least 70%, at least 80% or, most preferably,
at least 90% or 95% identity or homology thereto.
Preferred changes for muteins in accordance with the
present invention are what are known as "conservative"
substitutions. Conservative amino acid substitutions
of GH polypeptides, may. include synonymous amino
acids within a group which have sufficiently similar
physicDChemical properties that substitution between
members of the group will preserve the biological
function of the molecule (Grantham, 1974). It is clear
that insertions and deletions of amino acids may also
be made in the above-definedsequences without altering
their function, particularly if the insertions or
deletions only involve a few amino acids, e.g., under
thirty, and preferably under ten, and do not remove or
displace amino acids which are critical to a
functional conformation, e.g., cysteine residues.
Proteins and muteins produced by such deletions and/or
insertions oome within the purview of the present
invention. The term "fused protein" refers to a
polypeptide comprising GH, or a mutein or fragment
thereof, fused with another protein, which, e.g,, has
an extended residence time in body fluids. GH may thus
be fused to another protein, polypeptide or the like,
e.g., an immunoglobulin or a fragment thereof. Fc
portions of IgQs are suitable for preparation of
immunoglobulin-fusion proteins. Ig fusion proteins are
described for example In EP 314 317 A1 (Gepentech) or
EP 0 325 224 A2 (Zymogenetics Inc.). As "active
fractions" of an GH, or muteins and fused proteins,
the present invention covers any fragment or
precursors of the polypeptide chain of the protein
molecule alone or together with associated molecules
or residues linked thereto, e,g., sugar or phosphate
residues, or aggregates of the protein molecule or the
sugar residues by themselves, provided said fraction
has substantially similar activity to GH. Should the
GH of the invention be used as a pharmaceutical
composition, such 



pharmaceutical composition may be used for treatment
and/or prevention of a number of diseases or
disorders. Such diseases or disorders are preferably
related to insufficient endogenous GH production.
Purified GH may be used e.g. for treatment and/or
prevention GH deficiency, AIDS wasting, lipodystrophy
(also called HARS HIV associated dysmorphia/dysmetab
alic syndrome), or short bowel syndrome, in particular
pediatric. Further diseases  n which administration of
growth hornone may be indicated include liver
cirrhosis, adult growth deficiency, atherosclerosis,
Crohn's disease and Ulcerative Colitis,
osteoarthritis, cardiac cachexia, congestive Heart
Failure, chronic renal insufficiency, blood cell
recopstltutiop or mobilization, male infertility,
hematopoietic stem cell mobilization, multiple
sclerosis, stroke, Multiple System Atrophy, or cancer.
Having now fully described this invention, it will be
appreciated by those skilled in the art that the same
can be performed within a wide range of equivalent
parameters, concentrations and conditions without
departing from the spirit and scope of the invention
and without undue experimentation.While this invention
has been described in connection with specific
embodiments thereof, it will be understood that it is
capable of further modifications. This application is
intended to cover any variations, uses or adaptations
of the invention following, in general, the principles
of the invention and including such departures from
the present disclosure as come wilhin known or
customary practice within the art to which the
invention pertains and as may be applied to the
essential features hereinbefore set forth as follows
in the scope of Lhe appended claims. All references
cited herein, including journal articles or abstracts,
published or unpublished U,S. or foreign patent
application, issued U.S. or foreign patents or any
other references, are entirely incorporated by
reference herein, including all data, tables, figures
and text presented in the cited references.
Additionally, the entire contents of the references
cited within the references cited herein are also
entirely incorporated by reference. Reference to known
method steps, conventional methods steps, known
methods or conventional methods is not any way an
admission that any aspect, description or embodiment
of the present invention is disclosed, taught or
suggested fn the relevant art. The foregoing
description of the specific embodiments will so fully
reveal the genera! nature of the invention that others
can, by applying knowledge within the skill of the art
(Including the contents of the references cited
herein), readily modify and/or adapt for various
application such specific embodiments, without undue
experimentation, without departing from the general
concept of the present invention. Therefore, such
adaptations and modifications are intended to be
within the meaning an range of equivalents of the
disclosed embodiments, based on the teaching and
guidance presented herein. It is to be understood that
the phraseology or terminology herein is for the
purpose of description and not of limitation, euoh
that the terminology or phraseology of lhe present
specification is to be Interpreted by the skilled
artisan in light af the teachings and guidance
presented herein, in combination with the knowledge of
one of ordinary skill in the art. EXAMPLE :
Development of a new serum-free production medium for
hGH expressing G127 cells 1. Introduction 



This study describes the experimental work relating to
the development of a production culture medium (DMEM,
"Dulbecco's Modified Eagle's Medium) by additionof
trace metallic elements. As result of this
development, a remarkable increase of the r-hGH
productivity in the C127 cell cultures was obtained.
The following table 1 summarizes the composition of
DMEM and the development that will be presented in lhe
frame of this example. Table 1: Formulation of growth
medium, DMEM and production medium.Method for
purifying FSH Field of Invention The invention relates
to the field of the purification of follicle
stimulating hormone (FSH). Background of the invention
Follicle-stimulating hormone (FSH) is an injectable
protein falling into the class of gonadotrophins. FSH
is used in the treatment of infertility and
reproductive disorders in both female and male
patients. In nature, FSH is produced by the pituitary
gland. For pharmaceutical use, FSH may be produced
recombinantly (rFSH), or it may be isolated from the
urine of postmenopausal females (uFSH). FSH is used in
female patients in ovulation induction (Ol) and in
controlled ovarian hyperstimulation (COH) for assisted
reproductive technologies (ART). In a typical
treatment regimen for ovulation induction, a patient
is administered daily injections of FSH or a variant
(about 75 to 300 IU FSH/day) for a period of from
about 6 to about 12 days. In a typical treatment
regimen for controlled ovarian hyperstimulation, a
patient is administered daily injections of FSH or a
variant (about 150-600 IU FSH/day) for a period of
from about 6 to about 12 days. FSH is also used to
induce spermatogenesis in men suffering from
oligospermia. A regimen using 150 IU FSH 3 times
weekly in combination with 2'500 IU hCG twice weekly
has been successful in achieving an improvement in
sperm count in men suffering from hypogonadotrophic
hypogonadism [Burgues et al.; Subcutaneous
selfadministration of highly purified follicle
stimulating hormone and human chorionic gonadotrophin
for the treatment of male hypogonadotrophic
hypogonadism. Spanish Collaborative Group on Male
Hypogonadotrophic Hypogonadism; Hum. Reprod.; 1997,
12, 980-6]. Because of the importance of FSH in the
treatment of fertility disorders, the provision of FSH
of high purity and high specific activity is
desirable. FSH treatment requires repeated injections.
Highly purified FSH preparations can be
administeredsubcutaneously, permitting
self-administration by the patient, thus increasing
patient convenience and compliance. Lynch etal. [The
extraction and purification of human pituitary
follicle-stimulating hormone and luteinising hormone ;
Acta Endocrinologica, 1988, 288, 12-19] describe a
method for purifying human pituitary FSH. The method
involves anion and cation exchange chromatography,
immunoaffinity extraction and size exclusion
chromatography. The method is said to result in
pituitary FSH having a specific activity of 4,990 IU
(immunoassay)/mg, with 16 IU/mg of LH. Protein content
was determined either by dry weight or in solution by
absorption at 280 nm (assuming that A280icm for 1 g/l
is equal to 1). 



WO 98/20039 (IBSA lnstitut Biochimique SA) describes a
process for the purification of human urinary FSH
starting with urinary extracts called human menopausal
gonadotrophins (hMG). The process uses ion-exchange
chromatography on weakly basic anionic exchange resins
of the D EXAE type followed by affinity chromatography
on resin having an anthraquinone derivative as a
ligand. The process is said to yield urinary FSH free
from LH and having a specific activity of 6,870 IU
(immunoassay)/mg. Protein content was determined by
assuming that a water solution of 1 mg/ml of protein
has an optical density of 0.62 at 277 nm, in quartz
cuvettes with a 1 cm path length. WO 00/63248
(Instituto Massone SA) describes a process for the
purification of gonadotrophins, including FSH, from
human urine. The process involves the following steps:
ion exchange chromatography with a strong cationic
resin of the type sulphopropyl, ion exchange
chromatography with a strong anionic resin, and
hydrophobic interaction chromatography (HIC). A FSH
preparation having a specific activity of 8,400 IU/mg
(Steelman-Pohley method: Assay of the follicle
stimulating hormone based on the augmentation with
human chorionic gonadotroph^; Endocrinology; 1953, 53,
604-616) and less than 1 IU LH (rat seminal vesicle
weight gain method: Van Hell H, Matthijsen R & GA
Overbeek; Acta Endocrinol, 1964, 47, 409) biological
activity per 75 IU FSH is reportedly obtained. Protein
content was performed by the Lowry method [O.H. Lowry
et al., J. Biol. Chem., 1951, 193, 265].US 5,990,288
(Musick et al.) describes a method for purifying FSH
from biological samples, such as human pituitary
glands or human post-menopausal urine. The process
uses cation exchange chromatography on Fractogel EMD
SO3-650M, followed by dye affinity chromatography on
Mimetic Orange 1 resin, followed by a step of
hydrophobic interaction chromatography on Bakerbond
Wide Pore Hl-Propyl resin. The process is said to
result in human pituitary FSH having a specific
activity of 7,066 IU (immunoassay)/mg and less than 1
IU (immunoassay)/mg of LH, and a urinary FSH having a
specific activity of 6,298 IU (immunoassay)/mg and
less than 3 IU (immunoassay)/mg of LH. Protein content
was determined by absorption at 280 nm (assuming that
A280 1cm for 1 g/l is equal to 1). Chiba et al.
[Isolation and partial characterisation of LH, FSH and
TSH from canine pituitary gland ; Endocrinol. J.,
1997, 44, 205-218] describe a technique for purifying
canine pituitary gonadotrophins, including FSH, using
Concanavalin (Con) A affinity chromatography,
hydrophobic interaction chromatography (HIC) and
immobilized metal ion chromatography with Cu++. The
resulting FSH is reported to have a specific activity
of 2.17 IU/g protein using a radioreceptor assay for
FSH for measuring biological activity and the BioRad
protein assay kit (BioRad Laboratories CA USA) for
determining protein content. WO 88/10270 (Instituto di
Ricerca Cesare Serono SPA) describes a method for
purifying human FSH from urine. The process involves
immunochromatography with FSH-specific immobilized
monoclonal antibodies bound to Sepharose 4B by divinyl
sulphone, followed by reverse phase HPLC. The
resulting FSH is free of LH and other urinary proteins
and has a specific activity of 6,200 IU/mg of
lyophilised powder 



(Steelman-Pohley method). The preparation was the
first FSH preparation to be suitable for subcutaneous
administration, due to its purity. An ongoing need
remains for new methods for purifying FSH and FSH
variants. In particular, there is a need for
purification methods that avoid the use of the
costintensive immunoaffinity chromatography
steps.Summary of the invention It is an object of the
invention to provide a new method for purifying
recombinant FSH or a recombinant FSH variant. In a
first aspect, the invention provides a method for
purifying recombinant human FSH or an FSH variant
starting from a liquid containing the crude FSH,
comprising the following steps : (1) dye-affinity
chromatography; (2) hydrophobic interaction
chromatography; and (3) reverse phase chromatography ;
which may be carried out in any order. Brief
description of the drawings Figure 1 illustrates the
present invention, i.e. a process of purification
comprising the steps of :  dye affinity
chromatography,  hydrophobic interaction
chromatography,  reverse phase chromatography, Figure
2 shows a flow chart of a specific embodiment of the
present invention, i.e. a process of purification
comprising the steps of :
ultrafiltration/diafiltration,  anion-exchange
chromatography,  dye affinity chromatography,
hydrophobic interaction chromatography,  reverse phase
chromatography,  anion-exchange chromatography,
nanofiltration,  ultrafiltration/diafiltration;
Abbreviations The following abbreviations are used in
the description of the invention: DF: diafiltration
FSH: follicle stimulating hormone;r-FSH: recombinant
FSH; hFSH: human FSH; r-hFSH: recombinant human FSH
BV: Bed volume DEAE: diethylaminoethyl ELISA: enzyme
linked immunoassay DAC: dye affinity chromatography
IMAC: immobilised metal ion affinity chromatography
OD: optical density HIC: Hydrophobic interaction
chromatography 



HPLC : high performance liquid chromatography IRMA:
immunoradiometric assay KD or kD: kiloDalton HCP: host
cell protein, proteins arising from the host cell used
for expression of FSH IPC: In process controls IEF:
isoelectric focussing PES: polyethersulphone RP-HPLC:
reverse phase high performance liquid chromatography Q
FF: anion exchange on Q Sepharose FF RT : Room
Temperature UF: ultrafiltration WFI: water for
injection Detailed description of the invention The
invention provides a method for purifying recombinant
human FSH or a recombinant FSH variant starting from a
liquid containing the crude FSH, comprising the steps
: (1) dye affinity chromatography; (2) hydrophobic
interaction chromatography; and (3) reverse phase
chromatography ; which may be carried out in any
order. The purification method of the invention
affords a recombinant FSH bulk of high purity which
may then be formulated to the final medicament, e.g.
Gonal-F (Serono). It has the advantage of affording a
high degree of purity without using
immunoaffinitychromatography. The crude FSH which
forms the starting material for the purification
according to the present invention consists in cell
culture harvests containing recombinant FSH. In a
preferred embodiment, an antioxidant or a free amino
acid or dipeptide with antioxidant and scavenging
effect is included in some or all of the steps of the
purification method according to the present
invention. More precisely, the antioxidant is present
in any of the buffers used to purify and/or
concentrate and/or filter the rhFSH. The antioxidant
prevents oxidation of the FSH during processing. A
preferred antioxidant is L-methionine. Preferably,
L-methionine is used at a concentration of at or about
10-100 rtiM. Further examples of an antioxidant
include t-butyl-4-methoxyphenol,
2,6-bis(1,1-dimethylethyl)-4-methyl phenol; potassium
or sodium bimetabisulfite, sodium bisulfite. Examples
of free amino acid and dipeptide with antioxidant and
scavenging effect are histidine, taurine, glycine,
alanine, carnosine, anserine, 1- methylhistidine or
combinations thereof. Typically, the starting material
is clarified first and then and optionally
concentrated (e.g. by using ultrafiltration) and/or
buffer exchanged (e.g. through a diafiltration step)
prior to being captured on the first chromatographic
step . In the steps of chromatography, polymer-based
and agarose-based resins may be used. It is also
possible to use membrane chromatography, in which the
resin is replaced with a functionalised membrane. The
3 purification steps of the present invention (i.e.
dye affinity chromatography, 



hydrophobic interaction chromatography, reverse phase
chromatography ) are in the following outlined more in
detail. The dye affinity chromatography step (1) The
method of the invention involves a step of dye
affinity chromatography ( 1) . In a preferred
embodiment, the step of dye affinity chromatography is
carried out using a resin having as an immobilised
ligand a dye compound which is well known to a person
skilled in the art, i.e. Cibacron Blue F3G-A. The term
"immobilized" is well understood by a person skilled
in the art and means that the ligand is derivatised in
the sense that it is chemically linked to the resin. A
particularly preferred resin is BlueSepharose FF
(obtainable from Amersham Biosciences Inc.). The
technical features of Blue Sepharose FF are as follows
:It is understood that the method may be performed
with alternate resins, having similar characteristics.
Examples of alternative resins include : Toyopearl
AF-blue-HC- 650M (Tosoh Bioscience), Toyopearl
SuperButyl 550, Toyopearl Phenyl 650, Blue Cellthru
BigBead (Sterogene), SwellGel Blue (Pierce),
Cibachrome blue 3GA-agarose 100 (Sigma), Affi-Gel Blue
(BioRad), Econo-Pac blue cartridges (Bio-Rad), Blue
sepharose HP (Amersham), Cibacron Blue 3GA (Sigma).
Elution in the step of immobilised dye affinity
chromatography should preferably be carried out using
a buffer of phosphate, particularly preferably sodium
phosphate. The pH of the eluent should preferably be
at or about 6.0 to at or about 11.5, more preferably
at or about 6.5 to at or about 8, particularly
preferably at or about 7.0. Alternate buffers
appropriate for maintaining a pH of 7.0 include the
following: MES, Bis-Tris, ADA, PIPES, ACES, BES, MOPS,
TES, HEPES.The elution buffer for the step of dye
affinity chromatography should preferably contain a
salt to increase the conductivity, preferably NaCI,.
In a particularly preferred embodiment, the
product-contacting buffers for the step of dye
affinity chromatography (equilibration, wash and
elution) contain an antioxidant, such as L-methionine.
Further examples of an antioxidant include
t-butyl-4-methoxyphenol,
2,6-bis(1,1-dimethylethyl)-4-nnethyl phenol; potassium
or sodium bimetabisulfite, sodium bisulfite. The
hydrophobic interaction chromatography step (2) The
method also involves a step of hydrophobic interaction
chromatography (2). In a preferred embodiment, the
hydrophobic interaction chromatography is carried out
with a resin such as Toyopearl Butyl 650M (obtainable
from Tosoh Biosep Inc.). It is understood that step
(2) may be performed using alternate resins, having
similar characteristics. Alternative resins that may
be used are as follows : Phenyl Sepharose 6 Fast Flow
(low sub) ; Phenyl Sepharose 6 Fast Flow (high sub) ;
Butyl Sepharose 4 Fast Flow ; Octyl Sepharose 4 Fast
Flow ; Phenyl Sepharose High Performance; SOURCE
15ETH; SOURCE 15ISO; SOURCE 15PHE all from Amersham
Biosciences (800) 526-3593; (see
www.amershambiosciences.com ) . Still further resins
are : Hydrocell C3 or C4; Hydrocell Phenyl from
BioChrom Labs Inc. (812) 234-2558; (see
www.biochrom.com) Binding on the HIC resin is achieved
in a buffer with a high conductivity, obtained through
the addition of salt (NaCI, (NH4 2SO4 or Na2SO4 for
example). Elution in the step of hydrophobic
interaction chromatography is preferably carried out
by reducing the conductivity of the mobile phase
(reducing salt concentration), using a buffer 



having a pH at or about 6 to at or about 8, more
preferably at or about 6.5 to at or about 7.5, most
preferably at or about 7). A particularly preferred
system contains sodium phosphate for buffering
preferably at a pH of at or about 7, and ammonium
sulfate. Alternative buffers are mentioned above. In a
particularly preferred embodiment, the
product-contacting buffers for the step (2) of HIC
(equilibration, wash, elution) contain an antioxidant,
such as L-methionine. Alternative antioxidants are
mentioned above. The reverse phase chromatography step
(3) The method of the invention also comprises a step
of reverse phase chromatography (RPC) (3). The RPC is
preferably carried out using a resin such as SOURCE 30
RPC (obtainable from Amersham Biosciences). It is
understood that step (3) may beperformed using
alternative resins which are well known to a person
skilled in the art and which have similar
characteristics. The chromatography is preferably
carried out using a mobile phase buffering at mildly
alkaline pH, for example at or about pH 7-8.5, more
preferably at or about 7.5 or 7.6. In a preferred
embodiment, the buffering species is ammonium acetate.
Alternate buffers adequate for a pH at or around 7.6
include: BES, MOPS, Phosphate, TES, HEPES. The buffer
solutions used for this step may also contain an
organic modifier, the concentration of which is
modulated for different phases of the chromatography
step ( load, wash, elution and regeneration). In a
preferred embodiment, the organic modifier is a water
miscible organic solvent, preferably an alcohol (such
as methanol, ethanol, etc.), most preferably 2-
propanol (/so-propanol). In a particularly preferred
embodiment, the product-contacting buffers for the
step of RPC (equilibration, wash, elution) contain an
antioxidant, such as LmethionineAltemate antioxidants
are mentioned above. Optional further purification
step 0 - ion exchange chromatography Further to the 3
main purification steps - outlined above - the present
invention may include additional purification steps.
In one embodiment, the purification method of the
invention involves a preliminary step of ion exchange
chromatography (0) carried out, preferably with a
strong anion exchange resin, particularly preferably a
quaternary ammonium resin, such as Q Sepharose FF
(obtainable from Amersham Biosciences), having the
following characteristics : Type of ion exchanger: _.
Strong anion Total capacity (mmol/ml): 0.18-0.25
Exclusion limit (globular proteins) : 4 X 106 Bead
form : Spherical, diameter 45-165 mm Bead structure:
Cross-linked agarose, 6% Operational pH stability:
2-12 Cleaning pH stability: 1-14 Linear flow rate at
250C 1 bar 15 cm bed 400-700 cm/h height, XK 50/30
column:Alternatively, the ion-exchange chromatography
step (0) may be carried out using a resin such as
Fractogel EMD TMAE HICAP (obtainable from Merck KGaA,
Darmstadt 



Germany), or a resin having similar characteristics,
see below: The step of ion-exchange chromatography is
preferably carried out using a buffer having a mildly
alkaline pH (e.g. at or about 7.2 to at or about 9.0,
or at or about 8.0 to at or about 9.0, most preferably
at or about 8.5). Suitable buffers include, for
example borate buffer, triethanolamine/iminodiacetic
acid Tris, ammonium acetate, tricine, bicine, TES,
HEPES, TAPS. Most preferred is borate buffer, at a pH
of at or about 8.5. Elution from the ion-exchange
resin is achieved by increasing the conductivity of
the mobile phase through the addition of salt,
preferably NaCI. In a particularly preferred
embodiment the product-contacting buffers for the
ion-exchange chromatography (equilibration, wash,
elution) contain an antioxidant, preferably
Lmethionine. Alternative antioxidants are mentioned
above.Thus in a preferred embodiment, the method of
the invention comprises the following steps: (0)
anion-exchange chromatography, preferably on a strong
anion exchange resin, [preferably a quaternary
ammonium resin, such as Q Sepharose FF or Fractogel
EMD TMAE]; (1) dye affinity chromatography [preferably
on Blue Sepharose FF]; (2) hydrophobic interaction
chromatography [preferably on Toyopearl Butyl 650M];
(3) reverse phase chromatography [preferably on Source
30 RPC]. Optional further purification step (-1 ) -
ultrafiltration/diafiltration Prior to the step of ion
exchange chromatography (0), it may be desirable to
carry out a step of ultrafiltration, in order to
concentrate the crude FSH. The ultrafiltration (or
diafiltration) is preferably carried out using a
membrane having a cut-off of at or about 3 -10 kD,
most preferably at or about 8 kD. Optional further
purification step (4) - anion-exchange chromatography
In a further preferred embodiment, the method of the
invention also comprises a second step of
anion-exchange chromatography (4). A preferred resin
is Fractogel EMD TMAE HICAP (obtainable from Merck
KGaA, Darmstadt Germany), or a resin having similar
characteristics, as mentioned above. Alternatively the
second step of anion-exchange chromatography may be
carried out on Q Sepharose FF, or other resin having
similar characteristics, as mentioned above. The steps
of anion exchange chromatography, dye affinity
chromatography, hydrophobic interaction chromatography
(HIC), reverse phase chromatography and second step of
anion-exchange chromatography may be carried out in
any order, although it is preferred to carry out a
step of anion exchange chromatography first. The
remaining steps of dye affinity chromatography,
hydrophobic interaction chromatography (HIC), RPC and
optional second anion-exchange chromatography may be
carried out in any order, although it is preferred to
follow the order shown below: (0) anion-exchange
chromatography, (1) dye affinity chromatography, (2)
hydrophobic interaction chromatography (HIC), (3)
reverse phase chromatography RPC; and (4) second
anion-exchange chromatography.Optional further
purification step (5) - ultrafiltration/diafiltration
In a further preferred embodiment, after any of the
steps of chromatography (particu larly after a step of
reverse phase chromatography), the FSH sample is
subjected to a 



concentration step. Preferably the step is performed
using ultrafiltration combined by diafiltration in
order to obtain a bulk having the desired composition.
The ultrafiltration (or diafiltration) is preferably
carried out using a membrane having a cut-off of at or
about 3 -10 kD, most preferably at or about 5 kD. In a
particularly preferred embodiment, the following steps
are carried out in the order shown below: (-1 )
Ultrafiltration (preferably with a membrane having a
cut-off of at or about 8 kD), (0) anion-exchange
chromatography (preferably using a Q Sepharose FF
column); ( 1) dye affinity chromatography (preferably
using a Blue Sepharose FF column); (2) hydrophobic
interaction chromatography (HIC) (preferably using a
Butyl 650Mcolumn); (3) reverse phase chromatography
(RPC) (preferably using a Source 30 RPC column); (4)
anion-exchange chromatography on a strongly basic
anion exchange resin (preferably using a TMAE hicap
resin); and (5) ultrafiltration (preferably with a
membrane having a cut-off of 5 kD). It may be
desirable to subject the FSH sample to a step of
nanofiltration, in particular as a virus clearance
step; i.e. to reduce the risk of contamination of the
FSH preparation with viruses or virus-like particles
originating from the cell culture. Nanofiltration may
be done at any stage of the purification process,
however, it is particularly preferred to carry out
nanofiltration after the 2nd step of ion exchange
chromatography, or after reverse phase chromatography
or after hydrophobic interaction chromatography.
Nanofiltration may be performed more than one time,
for example it may be performed twice.In a
particularly preferred embodiment, the method of the
invention comprises the following steps: (-1 )
Ultrafiltration (preferably with a membrane having a
cut-off of at or about 8 kD), (0) anion-exchange
chromatography (preferably with Q Sepharose FF), ( 1)
dye affinity chromatography (preferably with Blue
Sepharose FF), (2) hydrophobic interaction
chromatography (HIC) (preferably with Butyl 650M), (3)
reverse phase chromatography (RPC) (preferably with
Source 30 RPC), (4) anion-exchange chromatography on a
strongly basic anion- exchange resin (preferably TMAE
hicap resin); (4') nanofiltration, (5) ultrafiltration
(preferably with a membrane having a cut-off of 5 kD).
The advantage of the present invention is that the
purification method is devoid of a cost intensive
immuno-affinity chromatography step and provides
anyhow a high degree of FSH purity and specific
bioactivity. Also, the purified FSH of the present
invention does not contain undesired impurities added
by the immuno affinity 



chromatography (e.g. immunoglobulins leached from the
resin) Storage/Lyophilisation The liquid composition
resulting from the purification process as described
above and containing purified FSH may be frozen for
storage as is, or after purification, the eluate may
be subjected to lyophilisation ("freeze-drying") to
remove solvent. The resulting liquid or lyophilised
product is termed "FSH Bulk". FSH formulations FSH or
an FSH variant of the invention or purified according
to the method of the invention may be formulated for
injection, either intramuscular or subcutaneous,
preferably subcutaneous. The FSH formulation may be
freeze-dried, in which case it is dissolved in water
for injection just prior to injection. The FSH
formulation may also be a liquid formulation, in which
case it can be injected directly, without prior
dissolution.The FSH formulation may be single dose or
multiple dose. If it is multiple dose, it should
preferably contain a bacteriostatic agent, such as,
for example, benzyl alcohol, meta-cresol, thymol or
phenol, preferably benzyl alcohol or meta-cresol.
Single dose formulations may also comprise a
bacteriostatic agent. The FSH of the invention may be
formulated with known excipients and stabilizers, for
example, sucrose and mannitol. It may also comprise an
antioxidant, such as methionine. It may further
comprise a surfactant, such as TWEEN (preferably TWEEN
20), or Pluronic (preferably Pluronic F68). In a
particularly preferred multidose formulation, FSH
produced by the method of the invention is formulated
by dissolving it in water for injection with sucrose,
phosphate buffer (pH 7), Pluronic F68, methionine and
meta-cresol or benzyl alcohol. A particular preferred
liquid multi-dose formulation of recombinant FSH for
subcutaneous or intramuscular injection is the
following :Indications The FSH of the invention is
suitable for use in all treatments where FSH is
indicated. It is particularly suited for subcutaneous
administration in ovulation induction, controlled
ovarian hyperstimulation for assisted reproductive
technologies, and in the treatment of oligospermia. It
may be used in conjunction with other gonadotropins,
such as LH and hCG. It may also be used with further
compounds which augment the response to FSH, such as
clomiphene citrate, aromatase inhibitors, such as
Anastrozole, Letrozole, Fadrozole and YM-51 1.
Sequences: SEQ ID NO. 1: human glycoprotein a-subunit;
SEQ ID NO. 2: hFSH b-subunit SEQ ID NO. 3: hFSH
b-subunit variant 1 SEQ ID NO. 4: hFSH b-subunit
variant 2 SEQ ID NO. 5: hFSH b-subunit variant 3
Follicle stimulating hormone, or FSH, as used herein
refers to human FSH (hFSH) produced as a full-length
mature protein. FSH is a dimer composed of the human
glycoprotein alpha-subunit and the human FSH
beta-subunit. The protein sequence of the human
glycoprotein alpha subunit is provided in SEQ ID NO:
1, and the protein sequence of the human FSH beta
subunit is given in SEQ ID NO: 2. 



The use of the term "recombinant" refers to
preparations of FSH that are produced through the use
of recombinant DNA technology (see for example WO
85/01958). One example of a method of expressing FSH
using recombinant technology is by transfection of
eukaryotic cells with DNA sequences encoding an alpha
and beta subunit of FSH, whether provided on one
vector or on two vectors with each subunit having a
separate promoter, as described in European patent
nos. EP 0 2 11 894 and EP 0 487 512. The DNA encoding
FSH may be a cDNA or it may contain introns. Another
example of the use of recombinant technology to
produce FSH is by the use of homologous recombination
to insert a heterologous regulatory segment in
operative connection to endogenous sequences encoding
one or both of the subunits of FSH, as described in
European patent no. EP 0 505 500 (Applied Research
Systems ARS Holding NV). Also contemplated are methods
such as those disclosed in WO 99/57263 (Transkaryotic
Therapies), wherein one of the subunits is inserted
heterologously into a cell, and the other subunit is
expressed by activation of genomicsequences by
insertion of a heterologous regulatory segment by
homologous recombination. The method of the invention
may be used to purify FSH expressed using any of these
methods and other methods. The expression "recombinant
cell" refers to a cell produced by inserting
heterologous DNA, including any of the above-mentioned
methods of genetic manipulation. Preferably the FSH is
produced recombinantly in Chinese hamster ovary (CHO)
cells transfected with a vector or vectors comprising
DNA coding for the human glycoprotein alpha-subunit
and the beta-subunit of FSH. DNA encoding the alpha
and beta-subunits may be present on the same or
different vectors. The expression "FSH variant" is
meant to encompass those molecules differing in amino
acid sequence, glycosylation pattern or in
inter-subunit linkage from human FSH but exhibiting
FSH-activity. Examples include CTP-FSH, a long-acting
modified recombinant FSH, consisting of the wild type
a-subunit and a hybrid b-subunit in which the carboxy
terminal peptide of hCG has been fused to the
C-terminal of the b-subunit of FSH, as described in
LaPoIt et al.; Endocrinology; 1992, 131, 2514-2520; or
Klein et al.; Development and characterization of a
long-acting recombinant hFSH agonist; Human Reprod.
2003, 18, 50-56]. Also included is single chain
CTP-FSH, a single chain molecule, consisting of the
following sequences (from N-terminal to Cterminal):
wherein bFSH signifies the b-subunit of FSH, bhCG CTP
( 1 13-145) signifies the carboxy terminal peptide of
hCG and aFSH signifies the a-subunit of FSH, as
described by Klein et al. [Pharmacokinetics and
pharmacodynamics of single-chain recombinant human
follicle-stimulating hormone containing the human
chorionic gonadotrophin carboxyterminal peptide in the
rhesus monkey, Fertility & Sterility; 2002, 77,
1248-1255]. Other examples of FSH variants include FSH
molecules having additional glycosylation sites
incorporated in the a- and/or b-subunit, as disclosed
in WO 01/58493 (Maxygen), and FSH molecules with
intersubunit S-S bonds, as disclosed in WO 98/58957.
Further examples of FSH variants includechimeric
molecules comprising sequences from FSH and sequences
from hCG or LH, such as those described in WO 91/16922
and WO 92/22568. The FSH variants referred to herein
also include the carboxy terminal deletions of the
beta subunit that are shorter than the full length
mature protein of SEQ ID NO:2. 



Carboxy terminal deletions of the human beta subunit
are provided in SEQ IDS NOS: 3, 4, and 5. It is
understood that the carboxy terminal variants of the
beta chain form complex with a known alpha subunit to
form an FSH variant heterodimer. In a preferred
embodiment, the FSH is produced recombinantly in CHO
cells, either in a serum or in a serum-free medium. In
a preferred embodiment, the purified FSH produced
according to the method of the invention is suitable
for subcutaneous administration, permitting
self-administration by the patient. The expression
"crude recombinant FSH" refers to the cell culture
supernatant from recombinant cells expressing FSH,
before it has undergone any chromatographic step. The
expression encompasses the raw form of the supernatant
(as isolated from cells) as well as concentrated
and/or filtered and/or ultrafiltered supernatant. The
term "biological activity" in relation to FSH
activity, refers to the ability of an FSH formulation
to elicit biological responses associated with FSH,
such as ovarian weight gain in the Steelman-Pohley
assay [Assay of the follicle stimulating hormone based
on the augmentation with human chorionic
gonadotrophin; Endocrinology; 1953, 53, 604- 616], or
follicular growth in a female patient. Follicular
growth in a female patient can be evaluated by
ultrasound, for example, in terms of the number of
follicles having a mean diameter of at or about 16 mm
on day 8 of stimulation. Biological activity is
evaluated with respect to an accepted standard for
FSH. The LH content in an FSH preparation may be
measured, for example, using an LHspecific
immunoassay, such as the Delfia hLH Spec (Wallac Oy,
Turku, Finland). The term "specific activity", in
reference to FSH, means the biological activity in IU
of the preparation in a recognised biological assay
for FSH, such as the SteelmanPohley bioassay [divided
by the amount of protein, as determined by an assay
for total protein content, such as the Lowry assay
[O.H. Lowry, N.J. Rosebrough, A.L. Farr and R.J.
Randall (1951) J. Biol. Chem. 193: 265; Hartree E. E.
(1972). Anal. Biochem. 48: 422; J.R. Dulley and P.A.
Grieve (1975) Anal. Biochem. 64: 136], the Bradford
assay [Bradford, M. M. (1976) Anal. Biochem. 72, 248],
or by absorbance at 280 nm. Preferably, the FSH
obtained by the invention has a specific activity of
greater than at or about 8000 IU/mg, more preferably
greater than at or about 9000 IU/mg, even more
preferably greater than at or about 10000 IU/mg, even
more preferably at or about 14000 IU/mg wherein
biological activity is measured by the Steelman-Pohley
bioassay and protein content is measured by SE-HPLC
The FSH samples may be analysed in respect of their
purity at various stages of the procedure using, for
example, techniques such as those listed below: r-hFSH
quantification/free alpha subunit/purity/ oxidised
forms: RP-HPLC As mentioned above, FSH is a
heterodimeric glycoprotein, composed of an a- and a
b-subunit. Some dissociation of the subunits can
occur, and this can be monitored by looking at the
amount of free a-subunit present in a sample. In
addition, the FSH subunits may become oxidised. The
oxidised contaminants can be quantified using RP-HPLC,
while the free subunits may be assessed using
SDS-PAGE. r-hFSH quantification: Immunoassay 



FSH content in a sample can be determined using an
immunoassay specific for FSH, such as the DELFIA FSH
immunoassay. Total protein: Bradford assay, Lowry
Assay, Absorbance at 280 nm As with any protein
preparation, total protein content can be determined
using techniques such as a Bradford assay, a Lowry
Assay or by absorbance at 280 nm. lsoforms pattern:
IEF As mentioned above, FSH is a glycoprotein, having
multiple oligosaccharide residues attached at various
places on both subunits. The oligosaccharide residues
may have different degrees of branching and may be
capped with sialic acid residues. Sialic acid residues
are negatively charged (at neutralpH). Differences in
capping leads to heterogeneity, with a mixture of
species having different isoelectric points (pi). This
can be assessed using a technique that separates based
on charge, such as isoelectric focussing (IEF) Host
cell protein (HCP) Host cell protein can be analysed
using an ELISA assay. For example, antibodies can be
raised to a "mock culture", which is a culture of host
cells without FSH gene. EXAMPLES The present invention
will now be illustrated by means of 2 examples.
Corresponding flow charts illustrating said 2 examples
are presented in Figure 1 & 2. The resulting purified
r-hFSH is termed "r-hFSH bulk". EXAMPLE 1 (cf Figure
1) Step (1): Dye affinity chromatography on Blue
Sepharose The FSH starting material for the
purification is prepared from cell culture harvests
containing recombinant FSH, i.e. FSH which was
produced recombinantly in CHO cells, either in a serum
or in a serum-free medium. The dye affinity
chromatography column (Blue Sepharose FF resin) is
first equilibrated with a low conductivity buffer at a
pH of 8.5 containing L-methionione. The liquid
containing the FSH is then applied directly to the
resin. After the load, the unbound material is washed
out using equilibration buffer. The FSH is finally
eluted by flushing the column with Sodium phosphate
buffer at pH 7.0, containing NaCI and L-methionine.
The elution pool is directly processed to the next
step. The step is performed at 2-8C. Step (2):
Hydrophobic Interaction Chromatography (HIC) on
Toyopearl Butyl 650M The Blue sepharose FF eluate from
step (1) is loaded onto a Toyopearl Butyl 650M column
equilibrated against a Sodium phosphate buffer, pH
7.0, containing Ammonium Sulfate and L-methionine. The
unbound material is flushed out with equilibration
buffer. The FSH is eluted with the same buffer, but
with a reduced concentration of Ammonium Sulfate. The
eluate is processed to the next step. The step is
performed at RTStep (3): Reverse Phase on Source 30
RPC The HIC eluate (from step (2)) is first
conditioned by addition of IPA (isopropanol). A Source
30RPC column is equilibrated against an ammonium
acetate buffer, pH 7.6, containing L-methionine, and
2-propanol at a concentration equivalent to that of
the conditioned load material. After flushing out the
unbound material with equilibration 



buffer, the resin is washed with ammonium acetate
buffer, pH 7.6, containing Lmethionine, and an
increased concentration of 2-propanol. The FSH is
finally eluted by increasing further the concentration
of 2-propanol. The elution pool is finally diluted
under stirring, with water containing L-methionine.
The diluted pool is processed to the next step. The
step is performed at RT. Upon following the above
procedure, the factor of purification - i.e. the ratio
of FSH purity in the purified sample versus the FSH
purity in the starting material (crude FSH) - is at
about 40.000. EXAMPLE 2 (cf Figure 2) Step (-1):
Ultrafiltration/Diafiltration of concentrated r-hFSH
All the operations were performed in refrigerated
conditions (2-8C). The crude FSH forming the starting
material for the purification is derived from cell
culture harvests containing recombinant FSH.
Clarification Crude r-hFSH was filtered through a 0.5
mm depth filter (such as Pall Profile Il filters or
equivalent). Ultrafiltration The clarified crude was
first concentrated by ultrafiltration using a 10KD
polyether sulfone membrane. The concentrated retentate
was then diafiltered against at least 5 diavolumes of
borate buffer, pH 8.5 containing L-methionine as
antioxidant. The conductivity and pH of the retentate
were measured to monitor the progress of the
diafiltration. The retentate was then concentrated
further before draining the system. The
ultra-filtration unit was finally flushed with
diafiltration buffer and the rinsate mixed with the
recovered retentate. The pool was progressed to the
next step.Filtration The concentrated product was
filtered through a 0.2 mm polyether sulphone filter
(or equivalent). Step (0): Anion Exchange on Q
Sepharose FF The filtered material was then applied to
a strong anion exchange (Q-sepharose FF) resin
equilibrated against Sodium Borate buffer, pH 8.5,
containing L-methionine. After the load, the column
was rinsed with equilibration buffer in order to flush
all unbound material. The column was then eluted with
Sodium Borate buffer pH 8.5, containing NaCI (to
increase conductivity) and L-methionine (as an
antioxidant). The elution pool collected was processed
to the dye affinity chromatography. Step (1): Dye
affinity chromatography on Blue Sepharose The dye
affinity chromatography column (Blue Sepharose FF
resin) was first equilibrated with the elution buffer
from the Q-Sepharose FF step. The capture eluate was
then applied directly to the resin. After the load,
the unbound material was washed out using
equilibration buffer. The FSH was finally eluted by
flushing the column with Sodium phosphate buffer at pH
7.0, containing NaCI and L-methionine. The elution
pool was directly processed to the next step. The step
was performed at 2-8C. Step (2): Hydrophobic
Interaction Chromatography on Toyopearl Butyl 650M The
Blue sepharose FF eluate was loaded onto a Toyopearl
Butyl 650M column 



equilibrated against a Sodium phosphate buffer, pH
7.0, containing Ammonium Sulfate and L-methionine. The
unbound material was flushed out with equilibration
buffer. The FSH was eluted with the same buffer, but
with a reduced concentration of Ammonium Sulfate. The
eluate was processed to the next step. The step was
performed at RT. Step (3): Reverse Phase on Source 30
RPC The HIC eluate (from step (2)) was first
conditioned by addition of IPA (isopropanol).The
Source 30RPC column was equilibrated against an
ammonium acetate buffer, pH 7.6, containing
L-methionine, and 2-propanol at a concentration
equivalent to that of the conditioned load material.
After flushing out the unbound material with
equilibration buffer, the resin is washed with
ammonium acetate buffer,pH 7.6, containing
L-methionine, and an increased concentration of
2-propanol. The FSH is finally eluted by increasing
further the concentration of 2-propanol. The elution
pool is finally diluted under stirring, with water
containing L-methionine. The diluted pool is processed
to the next step. The step was performed at RT. Step
(4) anion-exchange chromatography on Fractogel EMD
TMAE hicap resin A Fractogel EMD TMAE hicap column was
first equilibrated with Sodium Borate buffer, pH 8.5,
containing L-methionine. The diluted post-RPC material
(from step (3) was loaded onto the column. The unbound
material was flushed out using equilibration buffer.
The FSH is eluted from the column increasing the salt
concentration in a linear fashion. The step was
performed at 2-8C. Step (4') Nanofiltration The eluate
from the Fractogel EMD-TMAE step (4) was applied
directly to a 20nm nanofiltration device at a pressure
of 3 bar under nitrogen. The filtrate is processed to
the next step. The operation was performed at 2-8C.
Step (5) Bulk Ultrafiltration The nanofiltered FSH
material was concentrated by tangential flow
filtration on a 5KD polyether sulphone membrane. When
the retentate reached about half of the initial
volume, the material was buffer-exchanged by
diafiltration against WFI. The Purity of the Samples
The purity of the FSH samples after the purification
steps was determined :Biological activity of samples
The biological activity of the purified r-hFSH was
measured using the Steelman- Pohley ovarian weight
gain method. Specific activity was calculated using
the biological activity divided by the FSH content as
determined by an SE-HPLC method, as described
below.Specific activity of the final bulk obtained are
typically between 10'0OO to 17O00 IU/mg. Exemplary
values for 2 samples of a final bulk FSH obtained
following the method of Example 2 are given in Table
1. Table 2. Specific activity of bulk purified rhFSH
of the inventionClaims 1. A method for purifying
recombinant FSH or a FSH variant comprising subjecting
a liquid containing FSH to : ( 1) a dye affinity
chromatography; (2) a hydrophobic interaction
chromatography; and (3) a reverse phase chromatography
; which may be carried out in any order. 



2. The method of claim 1, wherein the dye affinity
chromatography of Step ( 1) is carried out with a
resin having immobilised Cibacron Blue F3G-A. 3. The
method of claim 1 or 2, wherein the resin used for dye
affinity chromatography of Step (1) is Blue Sepharose
FF. 4. The method of any one of claims 1 to 3, wherein
the dye affinity chromatography of Step ( 1) is
carried out using sodium phosphate buffer at a pH of
at or about 6.5 to 11.5 as eluent. 5. The method of
any one of claims 1 to 4, wherein the hydrophobic
interaction chromatography (HIC) of Step (2) is
carried out using Toyapearl Butyl 650M, or a resin
having similar characteristics. 6. The method of any
one of claims 1 to 5, wherein the hydrophobic
interaction chromatography of Step (2) is carried out
using sodium phosphate / ammonium sulphate as eluent.
7. The method of any one of claims 1 to 6, wherein the
step of reverse phase chromatography of Step (3) is
carried out using Source 30 RPC as resin. 8. The
method of any one of claims 1 to 7, wherein the step
of reverse phase chromatography of Step (3) is carried
out using ammonium acetate with 2- propanol as
eluent.9. The method of any one of claims 1 to 8,
wherein the steps are carried out in the following
order: (1) dye affinity chromatography; (2)
hydrophobic interaction chromatography; and then (3)
reverse phase chromatography. 10. The method of any
one of claims 1 to 9, further comprising a step of
anionexchange chromatography step (0). 11. The method
of claim 10, wherein the step of anion-exchange
chromatography is carried out before steps (1), (2)
and (3). 12. The method of claim 11, wherein the steps
are carried out in the order: (0) anion-exchange
chromatography; (1) dye affinity chromatography; (2)
hydrophobic interaction chromatography; and (3)
reverse phase chromatography. 13. The method of claim
10, 11 or 12, wherein the anion-exchange
chromatography of Step (0) is carried out with Q
Sepharose FF resin or Fractogel EMD TMAE HiCap resin.
14. The method of any one of claims 10 to 13, wherein
the ion exchange chromatography of Step (0) is carried
out using borate buffer as eluent. 15. The method of
claim 14, wherein the borate buffer is at a pH of at
or about 8.5. 16. The method of any one of claims 10
to 15, further comprising a second step of
anion-exchange chromatography step (4). 17. The method
of claim 16, wherein the second step of anion-exchange
chromatography of Step (4) is carried out after steps
(1), (2) and (3). 18. The method of claim 17, wherein
the steps are carried out in the order: (0)
Anion-exchange chromatography;(1) dye affinity
chromatography; 



(2) hydrophobic interaction chromatography; (3)
reverse phase chromatography; and (4) anion-exchange
chromatography. 19. The method of any one of claims 16
to 18, wherein the second step of anionexchange
chromatography of Step (4) is carried out using
Fractogel EMD TMAE HiCap resin or Q Sepharose FF
resin. 20. The method of claim 16 to 19, wherein the
second step of anion-exchange chromatography of Step
(4) is carried out using borate buffer and a gradient
of increasing NaCI concentration. 2 1. The method of
any one of claims 16 to 20, comprising a step of
nanofiltration step (4'), carried out the second step
of anion-exchange chromatography step (4). 22. The
method of claim 21, comprising a step of
ultrafiltration (5), after the step of nanofiltration
(4'). 23. The method of any one of claims 1 to 22,
wherein any of the eluents and/or buffers may contain
an antioxidant, in particular L-methionine. 24. A
method for purifying human recombinant FSH comprising
the steps of subjecting FSH to: (-1) ultrafiltration;
(0) anion exchange chromatography on Q Sepharose FF
with borate / NaCI, L-methionine pH at or about 8.5 as
eluent; ( 1) subjecting the eluate of step (0) to a
step of dye affinity chromatography on Blue Sepharose
FF, and phosphate, NaCI, L-methionine, at a pH of at
or about 7 as eluent; (2) subjecting the eluate of
step (1) to a step of hydrophobic interaction
chromatography on Toyopearl Butyl 650M, with
phosphate, ammonium sulphate, L-methionine, at a pH of
at or about 7 as eluent;(3) subjecting the eluate of
step (2) to a step of reverse phase chromatography on
Source 30 RPC with ammonium acetate, Lmethionine, with
2-propanol at a pH of at or about 7.6 as eluent; (4)
subjecting the eluate of step (3) to a step of
anion-exchange chromatography on Fractogel EMD TMAE
hicap resin, with borate, Lmethionine, at a pH of at
or about 8.5, and NaCI; (4') subjecting the eluate of
step (4) to a step of nanofiltration; and (5)
subjecting the permeate of step (4') to a step of
ultrafiltration. 25. A recombinant human FSH or FSH
variant, obtainable by the process according to any of
claims 1 to 24. 26. A pharmaceutical composition
comprising human FSH or a FSH variant according to
claim 25 as well as a pharmaceutically acceptable
excipient. 27. A pharmaceutical composition according
to claim 26, comprising the FSH according to claim 25,
Pluronic F68, sucrose, methionine, m-cresol, and an
aqueous phosphate buffer at a pH of at or about 7.0.
28. Use of a recombinant human FSH or FSH variant
according to claim 25 for the preparation of a
medicament for the treatment of fertility disorders. 


