METHODS FOR ENHANCED PRODUCTI ON OF BONE MORPHOGENETI C
PROTEI NS [ 0001] This application clainms the benefit of
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Hootie88)et al. SLOREFopics Microbiol. Immunol. 228:235-272 (1998)). Bone
morphogenetic proteins (BMPs) are members of the TGF-B superfamily of growth
and differentiation factors (Rosen et al., Principles of Bone Biology 2:919-928
(2002)). Some of the first evidence that BMPs existed was demineralized bone’s
ability to induce new bone when implanted into muscle (Urist et al., Science
150:893-99 (1965)). BMPs were subsequently biochemically purified from
demineralized bone (Wang et al., PNAS 85: 9484-9488 (1988)) and cloned by
hybridization of radiolabeled oligonucleotides designed from peptide fragments of
the purified proteins (Wozney et al., Science 242:1528-1534 (1988)). Cloned
BMPs have been recombinantly expressed and retain their function. BMPs are
typically produced recombinantly, due to the difficulty, lack of purity, and low yield,
associated with biochemical purification from natural sources such as, e.g., bone.
[0004] BMP-2 and related proteins BMP-4, BMP-5, BMP-6, BMP-7 (also
known as OP-1), BMP-8 (also known as OP-2), BMP-9, and BMP-10 are known to

mediate the growth and repair of bone and cartilage tissue. BMP-2 is currently in
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cell titers of CHO cells cultured in a bioreactor system by a batch-refeed process

on a manufacturing scale. Without the supplement of metals, the same media
supported growth on a small (laboratory-scale) bioreactor but failed to “scale-up”
to a manufacture-scale bioreactor. Titer consistency was further improved when
the pyridoxal in the medium was replaced with pyridoxine.

[0006] Thus, in one aspect, the invention provides a method of
recombinant protein expression comprising the steps of culturing a suitable host
cell comprising a nucleic acid encoding a protein of interest in a defined culture
medium where iron is present at a concentration of at least about 2.25 uM and if
pyridoxal is present, it makes up less than about 55 % of the molar concentration
of vitamin B6 in the media and recovering the protein of interest. In some

embodiments, the iron is present at a concentration of at least about 5 uM. The
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[0008] In certain embodiments, the medium contains vitamin B6 at a total
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concentration of at least about 15 uM. In some embodiments, pyridoxal, if present
in the culture medium, makes up no more than about 55 % of the total molar
concentration of vitamin B6 in the medium. In more particular embodiments, the
vitamin B6 has a ratio of pyridoxal to pyridoxine of less than about 1.2. In still
more particular embodiments, the medium contains no pyridoxal.

[0009] In a particular embodiment, the invention provides a method of
BMP-2 production which includes the steps of culturing a suitable host cell
comprising a DNA molecule encoding a BMP-2 protein in a culture medium
comprising iron at a concentration of at least about 2.5 uM and vitamin B6 at a
concentration of at least about 15 uM, and where if pyridoxal is present, it makes
up less than about 55 % of the molar concentration of vitamin B6 in the media

and then recovering a BMP-2 protein.



superfamly, e.g., a BWP, e.g., a BMP-2. [0008] In
certain enbodi ments, the nediumcontains vitamn B6 at

w@2aonzd37concentrati on of at | east about 15 mWCT/HSHOME40789
enbodi nents, pyridoxal, if present in the culture

a6 dices SeariRS, baTnediseién 2Bp Solain dfyihgsBles a
2 OIRIGA6 OOl PAEKERS SR AOBM nEne Medug £ 158y s

1.2. In still nore particular enbodi nents, the nmedi um
at a caneatrationof jpy liasbaabut §.6000 Inmastigidat gmbpgiments, the
enbodi ment, the invention provides a nmethod of BMP-2
medi@uh@d%@tddwfainléiLc@ufamibtadﬂﬁat deost@ptsatioh afuid moreitham about
suitabl e host cell conprising a DNA nol ecul e encodi ng
0.3 AMVBMP-2 protein in a culture nmediumconprising iron at
a concentration of at |east about 2.5 mMand vitamn

a d
@8@& 1:;'%0/ ?rfaﬂ}i oG insding fRdurd ‘*"éé’a%é S
about o of the Iar entration n
polygHRN G AP A Er&ndf @mav'?%ia %%W%ﬁ'&a&%. a[té’ﬁ%?]abwt
In sonme enbodi nents, the nedia can al so contain am no
10 mgih dén aeme ersbadimenvie.dhe medivm mey Haveaasinitiahgsmomsty of
nmMM The nmedi um nmay contain L-cystine at a
betweencuiut 60@mdo38GmPsast about 0.5 mM I n particul ar
enbodi nents, the nmedium al so contains L-glutamc acid

at [0 12P NEEErtzh efibofimBatsEiemiciutisadfatie ifvehtiohl ark@Qktable
] In certain enbodi nents, the nmediummay al so contain

for c@lt e%?@l\sogﬂo%/rpﬁ@?g{&g refocdl prof 84 . RNp&HichiRF @mbdididents, the

conc ast about
cells are grown in a stirred tank bioreactor with a capacity of at least about 3 L. In
still more particular embodiments, the culture temperature is kept essentially
constant. In some embodiments, the methods of the invention use culture media
that support a harvest cell density of at least about 4.0x1 0° cells/mL.

[0013] Accordingly, in one aspect, the invention provides a process or
method for BMP-2 production, which includes the steps of culturing a CHO cell
containing a DNA molecule encoding a BMP-2 protein in a culture medium
comprising iron at a concentration of at least about 2.5 uM, amino acids at a total
concentration of at least about 20 mM, L-cystine at a concentration of at least 0.5
mM, dextran sulfate at a concentration of at least about 10 mg/L, and vitamin B6
at a concentration of at least about 15 uM and where if pyridoxal is present, it
makes up less than about 55 % of the molar concentration of vitamin B6 in the
media; and then recovering a BMP-2 protein. In particular embodiments, the

media may further comprise copper at a concentration of at least about 10 nM. In
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[0016] In another aspect, the invention provides a product produced by
any of the methods of the invention. In some embodiments, the product may be
used to treat, or used to prepare a medicament to treat a patient, e.g., a mammal,
e.g., a human, having a defect, injury, disease, or disorder of bone tissue by, for
example, promoting bone growth, generation, healing, or repair.

[0017] In another aspect, the invention provides cell culture medium

substantially as described herein. In particular embodiments the cell culture

medium is substantially similar to those described in Tables 3 and 4.
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[0022] Figure 5 is a series of bar graphs showing the growth rate of cells

grown in culture dishes with different media and different iron concentrations.
[0023] Figure 6 is a plot of harvest cell density over time in a batch refeed
process in 2500 L bioreactors of cells grown according to the methods of the
invention. The dashed line indicates average harvest densities of earlier
processes.
[0024] Figure 7 is a plot of rhBMP-2 harvest titer over time for the cultures
described in Figure 6. The dashed line indicates average rhBMP-2 normalized

harvest titer of earlier processes.

EXEMPLARY EMBODIMENTS

[0025] It was discovered that consistent, high-density cultures can be
achieved on a manufacturing scale by culturing a BMP-2 expressing cells in

media supplemented with iron, copper, and zinc, also containing dextran sulfate,



[001 8] Figure 1 is a plot of cell density over tine
in a batch refeed process in 3 L and 160 L

wohr@pestors. [0019] Figure 2 is a plot of celPCTEs209/§40789
over tinme in a batch refeed process in a 160 L

bj or.eact for cells grown.in nmedia wth an .1 ho
wher@lmp\fjtaéwg?é%s rresRnGAde Bpsista at F@@Q(ﬁ?mﬁ?t&ﬂ QP%WFéQa% uM,
plot of viable cell density over tine in a batch
and thefretiel op pyiideea! o prrideone intherdaaio BG isresethad frown
in nmedia supplemented with iron and copper. [0021]
MediBi gure 4 is a series of bar graphs show ng the growth
rate of cells grown in flasks with different nedia and

dihbes1erdulfiR FhedORTANTALE foPse i @RHethddiokthe ingertion will
series of bar graphs showing the growh rate of cells

typicgiﬁ\ﬁﬁ(ﬁe}}té@t RIHEHsEhSH RIS éMprgt%% g;gcg\gw of REicRItRA cells,

| I ron concentrati ons. Figure 6 is a

. ot .of .harvest cell density .Qver.{i [

noufisfimir S HEETo bty el B Bl T B s 8 Edse
according to the nmet hods of the invention, The, dashed

dextiomap ARG GraNEgacRss VBSHaHeNGd | BSUB 283 HERBIET . o

_processes. [0024] Figure 7 is a plot of rhBWP-2

antibiaticeedn soirteeembedimentartheaulturemediurncesriisss bawrli n
Figure 6 . The dashed line indicates average rhBwP-2

medied, "sichzed el Raftectbisaviodifiee &agiets Medems©R4EM), Ham's F-
EXEMPLARY ENMBCDI MENTS

12, a Roswell Park Memorial Institute (RPMI) medium, or combinations thereof.

[0027] In certain embodiments, the culture medium is a chemically defined
medium, i.e., it is serum free. It is to be understood that in this application, unless
indicated otherwise, a concentration of a component in the medium is a starting
concentration, i.e., the concentration of that component in fresh medium, before
being applied to the cultured cells. As is known in the art, concentrations of
particular components will change as the cells undergo metabolic processes or
through spontaneous chemical reactions.

[0028] In some embodiments, the culture medium comprises iron at a
concentration of at least about 2.25, 5, 5.5, 8, 10, 12, 14, 15, 20, 25, 30 uM, or
more. In more particular embodiments, the iron is present at a concentration of
about 5 uM. In still more particular embodiments, the iron is present at a
concentration of about 5.5 uM. In some embodiments, iron is present at a

concentration of between about 5.5 and 15 uM. It should be understood that for

all numerical bounds describing some parameter in this application, e.g., “at
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15, 20, 25, 30 uM and copper at a concentration of at least about 5, 10, 12, 15,
30, 50, 75, 100, 150, 200, 250 nM. In certain embodiments, the culture medium
contains iron, copper, and zinc as described above. Accordingly, in some
embodiments, the culture medium comprises iron at a concentration of between
about 2.5 uM and 15 uM, copper at a concentration of between about 10 nM and
150 nM, and zinc at a concentration of between about 2.1 pM and 8.4 uM. In
more particular embodiments, the culture medium comprises iron at a
concentration of at least about 5 uM, copper at a concentration of at least about
10 nM, and zinc at a concentration of at least about 2 yM.

[0030] The culture media for use in the methods of the invention support
consistent high harvest cell density during, e.g., batch refeed culture. In some
embodiments, culture media for use in the method of the invention support a

harvest density of at least about 1.0x10°, 1.5x108, 2.0x10°, 2.5x10°, 3.0x10°,
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and combinations thereof. In some embodiments, vitamin B6 is present in the
culture medium at a total concentration of at least about 5, 10, 15, 20, 25, 30, 35,
40, 45, 50 uM, or more. In particular embodiments, vitamin B6 is present at a
concentration of at least about 10 yM. In still more particular embodiments,
vitamin B6 is present at a concentration of about 30 uM. In certain embodiments,
pyridoxal, if present, makes up no more than about 55, 50, 40, 30, 20, 10, 5, 1,
0.1 % of the molar concentration of vitamin B6 in the culture medium. In some
embodiments, if present in the culture medium, pyridoxal is present at a
concentration of less than about 20, 15, 10, 8, 6, 5,}4, 3,2,1uM. In some

embodiments the culture medium has a ratio of pyridoxal to pyridoxine of between

0 and 1.2. In more particular embodiments, the ratio of pyridoxal to pyridoxine in
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essehtiallymed pgridoxdl. t he i nvention support consistent high
harvest cell density during, e.g., batch refeed

Ct{bt)gQ Tﬁé‘célﬂﬁ@ AEBRGHIBES i theuhtthodsrofdivaerition wik eygdically
the nethod of the invention support a harvest density

g B, 24 'y by B g B a¥prpin o

ro ottt b i i o

8.5x1 06, 9.0x1 06, 9.5x1 06 cel |
cultuig reediaimt in cigfined SrpRRItirRH 1O e{?f@p%u@? Zaﬁ'ﬁaﬁtor 4.

a harvest density of about 4 .0x1 06 to 7. Oxl 06
As iskehdver irlthel art dedrelysatestss pratein repeatisnsi (@G, Perisee,
harvest densities, the cells are seeded at a density

bact@{)e;bt@ﬁé trhﬁtbnéb@éﬁen@h%@k;&a@@,,or&o@’r?cﬁwelscﬁ)ﬁhycﬂoll/é&ﬂe)@mn be
0.3x1 06, 0.6x1 06, 1.2x1 06, or 2.4x1 06 cells/m _,

usedbs gBﬂneces'd? AR I Fei Al IneyHpes] e ddimehtReneiidrd cahaining
see at a density of about 0.6x1 06 cells/m _.

oo el PR AT e LR ot
hydr?)ﬁ\ég% ré;' 9@}1 th ﬁgslo?rb%,g[r'r}p@gpl ntﬁgﬁﬁlw(la%{ge# Iﬁ)éoe?olysates serve

pyhdoxi ne 5'-phosphate, pyridoxal 5'
as the primary source of amino acids. " In particular embodiments where

hydrolysates are the primary source of amino acids, the medium can be
supplemented with one or more particular amino acids as necessary. In some
embodiments, the culture medium has a total amino acid concentration of at least
about 15, 20, 25, 30, 35, 40 mM, or more. In particular embodiments, the total
amino acid content of the medium is at least about 20 mM. In still more particular
embodiments, the total amino acid concentration is about 30 mM.

[0033] Amino acid proportions and individual amino acid concentrations
may be adjusted to accommodate the metabolic needs of the host cell depending
on, for example, the cells’ growth rate, the cell’s metabolic profile, the proportions
of the amino acids in the recombinant protein being produced, or to improve the
quality of the recombinant protein produced. For example, the portions of rhBMP-

2 produced in CHO cells that are in a dissociable dimer with cysteinylated or free
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phosphat e, pyridoxam ne d'-phosphate, and conbi nati ons
thereof. In some enbodinents, the culture medium

W@ owargsg at | east one vitanmin B6 sel ected frorCT/US2009/040789
pyri doxi ne, pyridoxam ne, pyridoxine 5'-phosphate,

ri doxam ne osphat e, 0 s there :
Sul oy SRETa B ATREIRESDY UTet SHRGRMBTIRS B LR fng rediUtarmic
culture nmediumat a total concentration of at s;
acid ibibetmsdium asidsclesed 75 forzexanple, WoS. B @eﬂsblorrﬁ/@?@ 61.
more. |In particular enbodi nents, vitamn B6 is present
Accoadinglyc imsant rembatimehtstthe ealskmreabedlunwomﬂmlsw Lstyistine at a
nore particul ar enbodi nents, vitamn B6 is present at

conc@nﬁ@f’&r?ﬂf sekheNadutan®ue.330.40015, 1006, 0@ @isn0.9, 1.0, 1.05, 1.1,
odi nents, pyridoxal, if present makes up no nore

Igaq ARots §55 5540 ASO§ £8:mebr r‘é@re 5Forlexé?née°/?rp;§arh&ﬂar

mol ar concentrahorio vitam n in the culture

] n some enbadi.nent s €

embﬁ&mqﬁ% g et cqrgpweesswstﬁ ;%f %%ﬁ@é%@t%gﬁ%n@%&“*‘ 0240

| ess than about 20, 15, 10, m\{l
mM.1 7 BerpaBHET REmAiTREts die esrasmsss Laorsher cﬂ‘

pyri doxal to pyridoxine of between O and 1.2. In nor
conceatraticubéebeutiddisemi, Inissll maredasficygr embrEImenys, the

pyridoxine inthe culture nediumis less than 1.2,
medﬁm@ com‘pﬁ%és tLheystiabaitta dontentratién oDabout®.7-3.0.nBV. On 4pme

. 3, 0.1 In still nore particular enbodi nents,

0.3
embggmqéfﬁgtw lﬁQ:‘?ﬁ@é&?(ﬁﬁﬁ@s@n‘t al 1 ARy Hictouml at  @9htration

e cu med| a use in the nethods of invention

o afh b B A ) £ BDTES 19, 1ePBuiz 10 5,40

mM %%cgrl@n %Méuﬁ%ﬁgﬁgdm@@tgﬁge ﬁg@lﬂf&%%h%&??lﬁl@ﬁsgg |Ld&/stme

proportions, for exanple, as described in Table ?
at a goncentration of at least about 0.2, 0.3, 0.4, 0.5,0.6, 0.7, 0.8, 03

1.1,1.2,1.3,1.4,1.5,2.0,2.5, 3.0, 3.5, 4.0 mM or more and L-glutamic acid at a
concentration of at most about 0.023, 0.05, 0.1, 0.2, 0.3, 0.4, 0.5, 1.0, 1.5, 2.0,
2.5,3.0 mM. In more particular embodiments, L-cystine is present in the culture
medium at a concentration of at least about 0.5 mM and L-glutamic acid is present
in the culture medium at a concentration of at most about 0.3 mM. In still more
particular embodiments, L-cystine is present in the culture medium at a
concentration of about 0.7-3.0 mM and L-glutamic acid is present in the culture
medium at a concentration of at most about 0.2 mM.

[0034] The culture medium may further comprise a polyanionic agent. Itis
theorized, but not relied upon, that polyanionic agents compete with moieties on
the cell surface of cells for binding heparin-molecule-like binding domains on

secreted recombinant proteins, e.g., the N-terminus of a mature (proteolytically
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As is known in the art, hydrolysates of protein
preparations (e.g., peptone, bactopeptone, tryptone,

w@ameiee3mydr ol ysate, or soytone soy hydrol ysatBQT/Us2009€40789
used as sources of amino acids. In sone enbodi nents,

um cont ai n i
cloa\gan BBILagBPERGHE 68 e WASER FRsoproveig s boffid B celrs
hydrol ysates. Alternatively, in sone enbodi nents,
surfacadibiyield dfyide orgtein issobdionds aeduaasl. pBy sampedipamilh these
amno acids. In particular enbodi nents where
elemBity &1 ¥ velieswafaeet belypniomiu ggerdsirmzease the cancanitragion of the
t he nedi um can be suppl enented with one or nore

free Rt bhfukabciaidd r&%lndlfr"a tAE CORGRSHREIM.| Exaatpies of polyanionic
@?ﬁo di ments, tgg culture rredl um has a total am n% ZlCld

agenW%gLEJ[ r@éﬁa‘%ﬂ] Q\feggﬁ sﬁﬂ? ﬁg)tsgﬁ%ulfg% d%gtraf?g?%%ﬁan ffate,

I ments
am no t
nyaliinean aneRone sndefin BEelfbsh et e Rt Sitate
am no acid concentration is about 30 nM 033 Am no

hexusenal-hexepaminasiycathetifaies iDpeitplNeXASWERIG R SUC
concentrations may be adjusted to acconmopdate the

octastfatioln cemaindsndditrients)dbe pob'lathﬁ@ég@lnhg cgpablegf binding
exanple, the cells' growh rate, the cell's netabolic

the NM&Hih@s of Ben@URPRBMRRIMOhombewithimicraolds o nanhbmolar
reconbi nant protein being produced, or to inprove the

ffln@:a'rf %é’m@ n%‘tﬁi1ﬁ)%ﬁ%m?r‘]é‘?efyaﬁfo?u'ic?éébrﬁﬁ@@%f@na@lf natural
the portions o MP- 2" produced in CHO

polngg,tezen@vtac:oééfrarl)oslyoeagtﬁﬁﬁfﬁ' ) SPSEriaEr S, where the pqymer
e concentratijons o st j)u%(;)% n

s atiomst QRAVLAYo. A L6t 685 57k 5y B3 § e
No. 5,830,761 . Accordi ngly, in SOITE'TEITbOdI nent s, t(tgﬂt
sulfomatedir b snxde embasimentsehelpalyarionis agenkis present at a

concentration of at least about 1, 5, 10, 20, 50, 75, 100, 200, 400, 600, 800, 1,000
mg/L, or more.

[0035] In particular embodihents, the polyanionic agent is dextran sulfate.
In more particular embodiments, the dextran sulfate has a molecular weight of
between about 5,000 and 500,000 g/mole. In still more particular embodiments,
the dextran sulfate has a molecular weight of about 7,000 g/mole. In some
embodiments, dextran sulfate is present at a concentration of at least about 10
mg/L. In more particular embodiments, the dextran sulfate is present ata
concentration of about 400 mg/L. The use of dextran sulfate in culture medium for
producing rhBMP-2 is further described in U.S. Patent Nos. 5,318,898 and

5,516,654.
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concentration of at |east about 0.2, 0.3, 0.4, 0.5,
0.6, 0.7, 0.8, 0.9, 1.0, 1.05, 1.1, 1.2, 1.3, 1.4,

wa2®y1»3 2.5, 3.0, 3.5 4.0 mMMor nore. For BXEIF1069/040789
in particular enbodi nents, the nmedi um conpri ses

stine at a ncentration of out, 0.
IS e e S i 58 ISt R Ao Shkal”
L-cystine at a concentration of about 0.5-4.0 nM In

paramietdrs ofthemesia.ical 8H, difseliosept. £ osmolagly; dmsome
conpri ses L-cystine at a concentration of about

emb&dimedits) thdicutiresmeivenisotiaimeainsd i aglarticutacosivp@ritysrange.
present in the culture nediumat a concentration of at

In otth&aé%b@&ﬁ#étnt@ tﬂ@%ult@reoﬁedﬁmﬂr is a&iu@tedoco?a p8rtiéulad sarting

OmMM or nmore. In

osmcﬁgﬁtiy qH rp%rm@moépn%afrﬁeﬁt?eth‘éléugtwees g‘r‘é‘?ﬁh@bgﬁmﬂt? BSbetween

concentration o [ east™ about

abou? 2%0-3%03M%0n§ Iri) n‘g)re %agtlcu%rﬁm%o%m%ﬁ%thels%ﬁ rﬁalosjmolanté/ is

and L-glutamc acid at a concentration of at nost
betwgpb@boot 888 and. I m@sm. 0.2, 0.3, 0.4, 0.5, 1.0, 1.5,
2.0, 2.5, 3.0 nM In nore particular enbodi nents,
L-[6987] e destapn estodimentshtheceytute engridmusanaRrises iron at a
concentration of at |east about 0.5 mMand L-glutamc

concRfitreltibs oPEEREBE aboutths ol dopiper aedicomcantration of at least about
concentration of at nobst about 0.3 nM In still nore

10 nﬁ?‘ Hlﬁb”a%f é,eéfbé)ﬁitémdgn%en#aﬁd@bf BB ehSt FARADU MWD delxtran

ture nmedium at a concentration of about 0.7-3.0 nM
s AR T R 100 oS
o L TS T e SO 51 PO S0 o
pyrld%ila?/%n;)ﬁlrgogunaeggfnitezs (’c:t?arapgtt;)c()eutV\%I éh Irmoergpgsrtlcular embodiments,
the culture medium further comprises zinc at a concentration of at least about 0.2
UM, In very particular embodiments, culture media for use in the invention are
described in Table 3 and Table 4, i.e., medium A1, A2, B1, or B2. In still more
particular embodiments, the medium is B2. In certain embodiments the medium is
substantially similar to B2. By “substantially similar”, it is meant that no
component of the medium is present at a concentration more than about 0.1, 0.2,
0.5, 1.0, 1.5, 2.0, 2.5, or 3.0-fold different (i.e., increase or decrease) than that of
medium B2 in Table 4.

[0038] In some embodiments, use of an un-defined component may be
acceptable and the medium may be supplemented with up to about 0.1, 0.5, 1, 5,

10%, or more fetal bovine serum (FBS). However, even though serum is widely

used for mammalian cell culture, there are several problems associated with its
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the cell surface of cells for binding
hepari n-mol ecul e-1i ke bindi ng domai ns on secreted
w0 emontismant proteins, e.g., the N-term nus ofPEI/DH1009/¢10789

(proteol yticallycl eaved) hBMP-2 nononer or dinmer. Wen
a secreted p

: _protein is bound, to [''s, surfac
use, g gisgussed K ashngy L ultyre efﬂﬁinﬁ c?é)s, e Mey SIndTNew
conpeting with these elenents on a cell's surface,
Yorkp@1-9ar(il 994 ¢ Bereenamplacserasecenainssnaey tpigengfied compenents
free (not cell-associated) protein in the culture
and teeifors iskoachbascalfy defingdnilodéed , dgenompiositiondd serum varies
heparin, heparin sulfate, pentosan sulfate, dextran,

from i’cﬁ’%ﬁ&?n%k'irf@&t%ndﬁbﬁﬁ‘iéaﬂo@\rﬂiﬁicam Addriopady addrim can contain

ofndr0|t| nsul fate, dermatan sul fate, keratan
u t. 0 ' ulg: ' ichal
ww%??@%@%ng%%@%@%ﬁ%%ﬁﬂ@&%ﬁ“%
enmbodi nents, the pol yanionic agent IS
contgit faiags ohathe: Periraate. BreraaR o bAT fesllaton «
m cronol ar or nanonplar affinity. In sone enbodi nents,
approval poeydifficotii AcsgetnglysseuUsLIre® MAGA aﬁ%P[ﬁfﬁrreaé?W%er in the
e.g., glycosam noglycan (GAG or derivative thereof,
metholerct théaveotigner is at | east about 1% 5% 10% 12%
15% 18% 20% 25% 30% 50% or nore, sulfonated. In

Prot§iRg® enbodi nents the polyanionic agent is present at a
—_concentration of at |east about 1, 5, 10, 20, 50, 75,

Ilﬂ‘éggsr?f(’rh 4&%’[h€£&8pr&%d By @\%anarlﬁtion 84n BBRed[t8PB&Iuce a

doxt ran sul £at e I e hart ieal oy emRod penta ¢ b
R e e e
ety SRR BBk S o B b b BER sypertamiy
In Mo SgrltjllcSIrar B mante hos TGF.A Ty marber 18 & bone
morphogenetic protein (BMP).

[0040] BMPs are a highly homologous family of proteins, and are
separated into subgroups based on even higher levels of homology. Some
important subgroups include: BMP-2 and BMP-4; BMP-5, BMP-6, and BMP-7;
and BMP-12, BMP-13, and MP-52. In particular, BMPs share an identifying
pattern of cysteine residues in the carboxy-terminal region of the protein, which
are needed for BMP activity. In certain embodiments, the protein made by the
methods of the invention is a BMP selected from BMP-2, BMP-4, BMP-5, BMP-6,
BMP-7, BMP-8, BMP-9, BMP-10, BMP-11, BMP-12, BMP-13, BMP-14, BMP-15,
BMP-16, BMP-17, BMP-18, and MP-52, including combinations and heterodimers

thereof. Typically, BMP refers to a disulfide linked dimeric molecule. In certain

embodiments, a BMP may be monomeric. In some embodiments, reference to a
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enbodi nents, dextran sulfate is present at a
concentration of at |east about 10 ng/L. In nore

w@aoobiizasrar enbodi nents, the dextran sul fate | BCPUEREN040789
at a concentration of about 400 ng/L. The use of

dextra | fate i [ |
B PR NS PUa e e SR b 80 o UL S0 b) Sk SREE 97% 98%.
5,318,898 and 5, 516, 654.[0036] The cul ture nediu an
99% b9 .Rindpimose istertisahel the Anmine cidieielpartifsearsne? gJE Ycﬁ@
media, e.g., pH dissolved @2, or osmolarity. In sone
matueaifladking rt jsrodbheieyioneofra kiawm BMH‘rﬁindtvahiﬁédeﬁamsabiOIOQical
: particul ar osnolarity range. In other enbodi nents, the

activwképr, eomedbadde, afligatedt/tepdanpikettissub dornsingretctivigy). In
osnolarity. In particular enbodinents, the culture's

somgtemt)tddgﬁ?ﬁ%%lmbt 8%?3@%?%@@? oaouts 260 389 s, 40 25,

Lm[ep A a;g ‘ S the'starting osnolarity is
et ween ahqut .and, 36 Q [ ;
or RS SUpRECHENS i & KB MECTCeekE. BiE& R knownin
concentration of at |east about 2.5 nM.c er at a
the arbarehavabpen idantiiedifirm @ iy Oé%PffﬁWS InGIUSHNG a1 gls such
a total concentration of at |east about 20 mM dextran
as hsmishatat, ahickem,oritrpt cawi dnd.doait horeasmagsaue. MOUAR/ 'Y,
and vitamn B6 at a concentration of at |east about 15

rabbtMat VRS ehddie Disanption8efiBdPe, ineluidingy forpeandpirapratein and
pyri doxi ne of |ess than about 1.2. In nore particular

nuclgut(“foagﬁiC shcesCbiHER JTBRbaRtow! Ehgbedolnd st following

oncentration of at |east about 0.2 nmM In very

oo BRGNS P S ISEL B o st sy (oo, o
exarmea WU/ Taibit NSs 15,093,630; 5!116%F4d; ', 188 948; 5,187,076; and
5,141,905), BMP-8 (disclosed in PCT WO 91/18098), BMP-9 (disclosed in PCT
WO 93/00432), BMP-10 (disclosed in PCT WO 94/26893) BMP-11 (disclosed in
PCT WO 94/26892), BMP-12 and BMP-13 (disclosed in PCT WO 95/16035),
BMP-15 (disclosed in U.S. Patent No. 5,635,372), BMP-16 (disclosed in U.S.
Patent No. 6,331,612), MP-52 (disclosed in PCT WO 93/16099), and BMP-17 and
BMP-18 (disclosed in U.S. Patent No. 6,027,917). A reference to these proteins,
should be understood to include variants, allelic variants, fragments of, and
mutant BMPs, including but not limited to deletion mutants, insertion mutants, and
substitution mutants. In particular, reference to any particular BMP should be
understood to include N-terminal truncation fragments where at least 1, 3, 5, 7, 9,
10, 11, 12, 13, 15, 18, 20, 22, 25, 30, 35, or more residues have been removed

from the N terminus of the mature protein.
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particul ar enbodi nents, the mediumis B2. In certain

enbodi nents the nediumis substantially simlar to B2.
w@goovaessze antially simlar”, it is meant that POI/US2009/040789

conmponent of the madi umis present at a concentration

nmor e than about 0.2, 0,5, .1.0,. 1. 2,
5 1004 tloita par@LeGTE s phBddiitr. B EMR 2 B2 10
that of mediumB2 in Table 4 . [0038 In sone
someatnbodiveents, thesdaMEE2 imhumad &Y R (e ohent sHade
acceptabl e and the nedi um may be supplenmented with u
partidlacdabbdindnts, the hBMP-Sis rhatdre 0B M2 ifeet QR8BdRIG0f NCBI
serum (FBS). However, even though serumis w dely used

acceb9bn Y i ND Glﬂ1|919lé|nﬂtﬂc%se§§w ored end/ey earilage folpinings

assom ated wTh |tsuse as di scussed in Freshney

activ B’bﬁ%rilgglif@h@rdl meh rrp he]F?@IVIP\A&h@Xt & aSCASout BWEY0Dk, 92,

, Serum contal ns nmany

o4, S4TGB & SNBSS BCaIIET ST o By nvER
varies fromlot to | ot, making sta ardi za
(Q283+RB9E of NCEARsIceryARINU, D NIRRT goﬁ‘@&PWt '@fﬂ}sw{‘ﬁome

inhibitory factors, resulting in suboptiml gro
emb&dinadrits, the enatore ABMP Btraay contains 52,64, 405h 6 7p&t%o1élaﬁ§; 12,
maki ng both production and regul atory approval nore

13, 1du bf HeWrhinoARIPEEHABULONSS hwonte emboeihentar thepBEiFe2 r ed
for use in the nethods of the invention. Proteins

rod[lggéa%' ditdiicTah Red% Qﬁw‘B\’)Hﬁﬁéth}’th'é@\APﬂy BrédudRdaa mdromeric.

ed to roduce a vari et of proteins. In certain

In Ceb'@)()dl 1 tnﬁgwgggléééﬁghé‘%gﬁgm |*in[n%%hl85 of laf‘ler?gﬂ 3,5,

of the TG- b su
7,9,10,11,12,13, or mor% resdnes from the N terminus of at least one subunit

of the dimeric protein. Assays for BMP-2 activity are known in the art and are
disclosed in, e.g., U.S. Patent No. 5,013,649.

[0042] BMP-2 has been identified in numerous species. See, for
example, Table 1, which lists the National Center for Biotechnology Information
(NCBI) Entrez GenelD for BMP-2 from several species. These GenelDs may be
used to retrieve publicly-available annotated mRNA or protein sequences, for
example, at the NCBI world-wide web portal, which may be found at the following
uniform resource locator (URL):
http://www.ncbi.nim.nih.gov/sites/entrez?db=gene. As an illustration, the GenelD
for human BMP-2 can be used to retrieve the following reference sequences:
NM_001200.2 (mRNA) and NP_001191.1 (protein). Similarly for mouse, the
BMP-2 reference sequences that can be retrieved include NM_007553.2 (mRNA)

and NP_031579.2 (protein). All information associated with GenelDs referenced
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In nore particular enbodi nents, the TGF-b famly

nmenber is a bone norphogenetic protein (BMP). [0040]
w@k#e/120329 a hi ghl y honol ogous fam |y of protei PGT/US2009/040789

are separated i nto subgroups based on even higher

_ levels of honol.o Sone | nport ant [ :
in thipgpPBcaRY. SRR O iop S5a Bl eano G Rhracr ot e Bt
BWP-1 3, and MP-52. In particular, BVPs share an.
functiahehenngiatignpaitedie yaganisy aneiraierercg meYA PRdprgtein
carboxy-term nal region of the protein, which are
sequeacdsdrd herdBlyRnearporatey bylraferenceaintheirtsodiretnd refasence
protein made by the nethods of the invention is a BWP

sequekes bislalsoaAtéiyBrated ByRefbreddd b, thBivRnbiretENRetiding
BMP-8, BMP-9, BMP-10, MP-1 1, BWMP-12, BMP-13, BMP- 14,

anno?%{}égi]fggttu%@ oftfhe d%‘e%es,%hlass eddfibdhdeties sTThRMIARDr

I ons an terodi ners thereof. Typically, BMP

refers.to a _disulfide |]j ' ' ;
strucie] U B T & o BRET RS SRR RO e Fhoens.
enbodi nents, reference to aBMP i ncludes sequences at
Tabledast about 70% 80% 90% 95% 96% 97% 98% 99%
99.9% or nore identical at the amno acid |evel to the
sequepeciest| Genelih} url Spdcieki ng |[LEerdfonailn) regi on of
a kihown BMH and which retains Dbilological _gctivity
(e.gHumR@Ne, 68tRr ti | ag€over | i ganems0B@ndon-1i ke tissue

formng actlivity) 1ln sone enbodipents—a{BVP may
conpMosee1,| 156 4, |®ige, 7, 8,|4P44P8 15, 20, 25, or
nor

a1 ry: oSt keewn BMP sequence.
BNPSCQPgeanng1 he ngr:npéﬁge%av% een identified
fronrat varie2osmd spe@ap i ncl udi4wyd@nmal|s such as
human, _cat .| chicken_ |chinp cowl! dog.-—goat!, horse,

macpbwg, o871 ¢, | Macaque 718330
Sheep |443173 Rabbit 100009349

Isolation and uses

[0043] As is known in the art, bone morphogenetic proteins such as BMP-
2 are useful as protein-based therapeutics. Accordingly, the methods of the
invention may further comprise the step of purification or isolation of the protein
recovered from the culture. BMP-2 can be purified by a variety of means known in
the art. In particular embodiments, the purification comprises one or more column
chromatography purifications, e.g., a butyl sepharose resin purification. In more
particular embodiments the butyl sepharose column comprises a resin of
butylamine coupled to CNBr-activated sepharose, e.g., sepharose 4B. In some
embodiments, the purification may further comprise a column purification step on
a heparin-like resin, e.g., a CELLUFINE™ sulfate resin. For example, conditioned

medium from the cultured cells, which contains the BMP-2 may be applied to a
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rabbit, rat, and sheep. Descriptions of BMPs,

i ncludi ng, for exanple, protein and nucleic acid
wGemareses and et hods of production, can be fpCmtS1009/040789

the follow ng publications: BMP-2, BMP-3, BMP-4,

BMP-5, BMP-6, and BMP-7 (disclosed, .f.or ,ex il :
nepandkeigE BrRON @GS aENe a8 Tt Cogtaiyah S BR> 2g oBiained
87,076, and 5,141 ,905), BMP-8 (disclosed in P V}O

from ¢he colgows)andeken ds aapligd teseaecandhestumD, §9¢ibeg gAyuty
BMP- 10 (disclosed in PCT WO 94/26893) BMP-1 1

sephéthsectalsenh. | AddREINANDUSACABB0I2)nosBIE as Zlesadbahp, for3
(disclosed in PCT WD 95/1 6035), BMP-15 (disclosed in

examplS: InBFhanbnAPublicadS B2 OB 1128, (pdirtiutliasepades 3J7S.
atent No. 6,331 ,612), MP-52 (disclosed in PCT WD

thef%iﬁé‘?%ﬁ%@@é??fﬁ%:%? A reference Lo these. pr ot i ns
APl B BT Srop Tt el Pdsipife fgrihieon o

not limted to deletion nyutants, insertion nmutants,
furthghtprawlpied c@$ PRATAIRCSUTIE S’pglof PAANgra! TEYEY Fhce to
any particul ar BVWP shoul d be understood to include
pharhaceutitalalartiensifoaBMits, seagios exemptreefiermeasandi\Vozney
5 7, 9, 10, 11, 12, 13, 15, 18, 20, 22, 25, 30, 35,
CytoRIneNBFsvthea dioveRe NaG{3pBRY-456@008 o Udn Ratent\NDed IB0EBT .
of the mature protein.[0041] In particular enbodi nents

The gfﬁ) & bienthbfddsidiehSMivehtiod cBMBelisddtosesa, or used to
odinments, the BMP-2 is human BMP-2 (hBMP-2). In

still i di i o .
o oA A28 SERIRY ki ) e
nunber 1 d b i
by, TehetaMalge PRy DAEE SR SFREERPR! Ber R Shimfrent s,
Cellst he hBMP-2 is at | east about 88, 89, 90, 92,

—

[0045] A wide variety of cells can be used to produce a recombinant
protein by the methods provided by the invention. Any cell that can be
transformed with recombinant DNA to express a protein of interest, e.g., a BMP,
can be used in the methods of the invention. The cells can be from a variety of
species, including nematode, worm, insect, amphibian, or mammal, for example,
human, primate, ovine, bovine, porcine, equine, feline, canine, or rodent source.
In particular embodiments, the cells are from human or rodent. In more particular
embodiments, the cells are from hamster.

[0046] Cell lines suitable for use in the methods of the invention are well
known in the art and widely available. A number of suifable cell lines can be
obtained from depositories such as the America Type Culture Collection (ATCC),

Manassas, VA. Suitable lines cells invention include a COS cell, a CHO cell, a
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94, 95, 96, 98, 99, 99.9% identical at the am no acid

l evel to mature hBMP-2 ((QR83-R396 of NCBI accession
woeebazo3nP_001 19 1) . Accordingly, in some  PCT/US2009/040789

enbodi nents, the mature hBMP-2 may contain 1, 2, 3, 4,

5, .6 , 9, 1 1

BHqu@azeneImpaﬁ;c% Wrlls dfa bao by ONG8 AT I9vaHd o
| | nbod

CV1 wohcarbtiGK e, s&RGarsl, a%é&eﬂézgttahéeﬁweﬁ %g@t‘?é%e%"' 3
N-term nal truncation of at least 1, 3, 5, 7, 9, 10,

HepG2 cell2or 4 293@ellmdn partiesiatessbddimentshéhaicebisa f62S 68l
| east one subunit of the dineric protein. Assays for

CHOBM: 2 B1aKi odllt ¥ Biis/claTdneeli, or blED3acdll. dndnarespattisalbosed
in, e.g., U 5. Patent No. 5,013,649. [0042] BMP-2 has

emb@&ﬁfkdtgeﬁé'ée'lﬁgﬁ MO I Otife BPESESIEMas s nfo@fﬂe@iﬁ@m@ér@ase

e National Center for

cell t %)gée /P)Fgl I?Fg?rlgggb%]grthaerﬁ trh% ﬁ@‘@éll%@%ave

ese used

to retrieve publi vai Ieanotated

redugedOENA @@ﬁ%ﬁh@é@% t é@{&?PB?‘@ reghiciae 9GS W'd“m%
web portal, which may be found at the foIIovmn

Genelfl 1361 ); e@uth@eCHéb@@!bmaytmeetemzweow WMQPHI%VQOUS fora
nl m ni h. gov/ sites/ entrez?db=gene. As an illustration,

hypdrhérpanee8udarr fumetiam), BMP{ 2orc-amdtienal ek daminent- negatieh@ull
foll owi ng reference sequences: NM 001 200.2 (nRNA) and

and E‘@Pﬂ@fungﬂoné 6 RFOBEINR) enShie)| alfdl¥ of DHFRESE, thé Ipeotein of
reference sequences that can be retrieved

r
B PR SR IR STt arotefono
Biort hi Sf gsgl;i cajtt on, uleﬂglegdl ng, for exanple, genomc

[0047] Cells for use in the methods of the invention can be cultured by any
means known in the art, e.g., as discussed in Warnock and Al-Rubei Biotech.
Appl. Biochem. 45:1-12 (2006). Typically, the cells are grown in a bioreactor.
Bioreactors can be any size. In some embodiments, the bioreactor is at least
about1L;3L;20L;40L;80L;100L;160L; 1,900 L;2,500L; 12,000 L; 20,000
L: 40,000 L, or more. A bioreactor can support growth of cells in suspension (i.e.,
anchorage independent growth) or anchored on a substrate. Anchorage-
dependent growth can include the use of microcarriers to, e.g., provide a large
surface area to volume ratio.

[0048] In particular embodiments of the invention, the cells are grown in
suspension; i.e., without an anchoring surface. Modalities of anchorage-
independent growth are well-known in the art and include growth in, for example,

stirred-tank bioreactors and airlift bioreactors. In particular embodiments, the
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functional annotations, allelic variants, and
reference mRNA and protein sequences are hereby
wo pwonpoerat ed by reference in their entirety. PECT/US2009/040789

re;erencedsequeﬂces are al so incorporated by

. referenced in their entiret i ncl udi ng_annot,at e .

biorepgler i 8 stigpdrtaRK E&ﬁﬁ% £bs! eﬁ%swvyfs'fle%‘(B%“bC&lﬁ{obd%’ﬁe%gtoéf n
MRNAs or structural features of proteins, e.qg.,

turn, gehibei auitured bynat \ariety egmsthasts Knewpindhei %!HC%&JP%bitCh
I sol ati on and uses [0043] As is known in the art, bone

refestin(tipbotenefirthep betev, reesaist Dagpd@iPet @., &8 otesénalogys! 5(1-
prot ei n- based therapeutics. Accordingly, the nethods

3):10‘3“-9 teod)nvedbatsh Eeg, B DD, FreaemrNes: 5,6%2,502p6,804,124; or
purification or isolation of the protein recovered

7,33%1{36%33@9,&@%%"(i%rﬁn;?ﬁ@hgraf@l REIMHGIdVRS &Y waskaEdeby

I'n particular enbodi nents,

th urification conpri.se ne. or.

remaif Jfft bt BBho er REE A DrBSu s IRl 8ol gy s, Patent
resin purification. In nore rtjcul ar enmbodi nents . the

Nos. i 11,288 0h 85 e0 66l GV BHRTPPED s ILSaBS AT B PSS
coupled to CNBr-activated sepharose, e.g., sepharose

the céls atencsltured ey itebriesfeed sograsi fin cagriedrartigylar gmbegiments
conprise a colum purification step on a heparin-Iike

the defS afe caltfred st dbEdddntibi( tonstant teatperatesé.nin some
exanpl e, conditioned nmediumfromthe cultured cells,

embg@mﬁt&%%ﬁtéﬁe hRuRMBn aBrd AP b6 ctedl from about 31, 32,

eparin-ITrke resin containing colum, an eluate

contaiRi BWR- 2.1 ' .
33, e ol 4hsde 2 M 41 S@rp%‘%” 'Clgr\lesganrﬁé %gﬂut%: agﬁgs‘ﬂgﬁjbt )elfsﬂﬁwtlally
con A tg%égg%ﬁgg’;! ;Lrl{grar;/ tfeﬁg %IatrrloevnraalngFe)uorfltérln%%FétSPes', %uBﬁ’%%'s%'-&m or

36-38°C. In more particular embodiments, the cells are cultured at a constant
temperature of about 37°C.

[0049] Bioreactors can maintain various physiological parameters of the
culture medium including, for example, oxygenation (dissolved Oz), pH,
osmalarity, temperature, light, and the concentration of particular nutrients (e.g.,
glucose or amino acids). In certain embodiments, the bioreactor monitors and
maintains temperature, pH, and dissolved O content. In some embodiments,
glucose is fed in batches. For example, cells are grown in a bioreactor by batch
refeed. In particular embodiments, a portion of the total culture (i.e., cells and
medium) is periodically removed (e.g., harvested) and replaced with fresh
medium. In some embodiments, at least about 10, 25, 50, 75, 80, 85, 90, 95,
99%, or more of the total culture is removed periodically and replaced with fresh

medium. In more particular embodiments, at least about 75% of the total culture
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exanpl e, International Publication No. WD 99/31 120,
particularly pages 3-7 therein, incorporated by

w0 edoenzasce. [ 0044] Once purified, products of PEEUS2009/040789
nmet hods of the invention can be further fornmnulated,

. e.g., as phar ut i Fqr ener al eV|

s rerpaSeaRa GoPRaRa o PRARYE rigdBeeiBog Parfis 85?']%%%‘ culture
Seeher man and szne Cyt oki ne Growt h Factor Rev

mediu6y Ls)resmedeat(ozm@wryo@ 12,98, P4t 3t 3NG2, 5T 4810885, orgyery 1.
products of the nethods of the invention can be used

2, 3,405f 678, PridUsechdre dayspan encre pediicdareernboedimendsta partion
defect, injury, disease, or disorder of bone tissue

of th@bultur@rmédﬁmls@enﬂf\@@émm@adl@f&i Vearywhdaygenaraheon,
heal ing, or repair. Cells [0045] A g\n@de >%Ej\rl ety of

emb&ﬁbeﬁ;\gh Ao Dol dhd g)tE ﬁfg@ |sarern?§\@@éﬁ@%plﬁééﬁ Sbé‘utté&/ery

B2 provi de i nvention. Any cel

a e.t r.med W|th &
12,553 8 % bibrth 0y Bemorg g d“vag‘ése%?&%a%e‘cﬁg?é%Sﬁ%@e tis
nmet hods of the inventiagn. The c be f
meantiheavprage dpdklingstimenficulivieg G@ﬁ&@%@g?ﬂﬁgﬁﬁw?'ﬂ guth—ie.,
anphi bi an, or manmal, for exanple human, pri mate,
in ricbwiuttere brediure, mptbecahsencemlmg,, costachinhikiionne, or
rodent source. In particular enbodi nents, the cells

ar 0050 PNnfisiem emboaitashts, tell titer enp&rtprct@hrayleld can be
odinents, the cells are fromhanster. [0046] Cell

enha{éircga mgﬁ'?ﬁl}i(lﬁglo‘? cBHfroH‘lﬁ@ Ih&atd SrodBENGE By Bthe £Bfs.1 Dy&atd on

he“art and w dely avallable A

prodﬂg{iTcJ)orge Car? Ee c%'n‘r%mag bf/qllnhltnlwé ﬂ?esfe%ﬁﬂ\gb@f glucose to the cultured cells
in a restricted manner, e.g., as disclosed in U.S. Patent Publication No.
2005/0070013, published March 31, 2005 (see also U.S. Patent No. 7,429,491).

[0051] For all patents, applications, GenelDs, Reference Sequences, or
other reference cited herein, it should be understood that it is incorporated by
reference in its entirety for all purposes as well as for the proposition that is
recited. Where any conflict exists between a document incorporated by reference
and the present application, this application will dominate.

EXAMPLES

Example 1: Scale-up problem during rhBMP-2 production

[0052] During development of a BMP-2 production process, a scale-up
problem was observed with high cell density cultures of CHO cells that coexpress
rhBMP-2 and dihydrofolate reductase (DHFR) (herein known as EMC-G5 cells) in
a 1,900-liter bioreactor. High cell density cultures were inoculated at 0.60x10°

cells/mL for a 3-day batch, or 0.30x1 08 cells/mL for a 4-day batch. During the first

-21-



obt ai ned from depositories such as the Anerica Type
Culture Collection (ATCC), Manassas, VA. Suitable

wo pwed2sed | s i nvention include a COS cell, a QMO/U81009/040789
aBHK cell, a Balb/c 3T3 cell, a FRhL-2 cell, a SP2/0

passéggg[t%e%s’fgh ge{ggpoor%e%%ﬁhe ﬂgall_%q_%vdled'glet cog?rpr%?Md

a He @& cell, or a 293 cell. In particul ar
3. Oxwﬁ/ﬂﬂﬁnt@t theyEnalegall density afthe Bllpwing pagsages dechnegx
cell, a Balb/c 3T3 cell, or a 293 cell. In nore

progmslvetyul For exdnoplenénes pas@&selv@uldsreaulcm@ryest cethdensities
CHO cell may be nodified to increase cell titer and/or

of 3. @fmeeu BxY0&lghd 1.0x50EelRITARdiesBBtvelY. NBuChiQecknihg gagwth
have' reduced or no expression of the dihydrofolate

ratesﬁ%Hﬁéc?ﬁ?lo%‘?%rﬁ@?‘ﬁgof BRASS Sreteth A thaXflture medli@m. arldhe

may be terozygous or honobzygous for a

C du fuy 0
overd)f BEHCRAN Rt retﬁam&% e TS PR e ot
forms of the enzyne of DHER and th r
repraghicie 8 8 S 81 o LIS EDEPAGIO NGO HSPS AR mOd8! for
contai ning a functional DHFR gene. Bioreactor and
investigating itoinssgu@04The detlining barvestcelhdengitynwansa8n §1 thentoo L
i nvention can be cultured by any neans known in the
bioredictor, 8s 8howadn Figqeresised i n Wrnock and Al - Rubei
Bi otech. Appl. Biochem 45:1-12 (2006). Typically, the

G[S)b§3 B RdQHiGHA) dxdeRnitings 8R6WEE thBsameadiffiely Cmobe trial, the
an sone enbodi ments, the bioreactor is at

first ti@gd%an%ﬁ? %tag%%é'ei e?éf%uegégfnjral 0%8 0%88%80#-3 (?bgq8 w!%@,oth'e
seco%%ggg:ﬁg%g aeéjt gﬁlé{%caﬂ@pz)@ Ing.poﬁﬁ%ﬁgacdﬁwﬁ)lﬁ@culated
anchored on a substrate. Anchor agedependen
again under control conditions with a pre-passage, then the ﬂrst and second high
density passages reached final cell densities of 2.65x10° and 1.49x10° cells/mL,
respectively. Both control experiments demonstrated the scale-up problem in
which the first high seed passage reaches a high final density but the growth rate
of the following passage declines significantly. The BMP-2 titer and specific
productivity data showed similar trends.

[0054] The addition of trace elements D (“trace D”) to the growth media
eliminated the scale-up problems in the culture medium. Trace D consists of 3
uM iron, 3 uM zinc, and 0.03 pM copper. With Trace D, high-seed batches (3-day
and 4-day) consistently reached harvest densities of 3.0x10° cells/mL or higher.

The growth rate and specific productivity remained high as well. This indicates

that trace D positively affected the cell growth characteristics. The results of an
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growth can include the use of mcrocarriers to, e.g.,
provide a |large surface area to volune ratio. [0048]
Wo poopazgsreul ar enbodi ments of the invention, tPRET/T200%5040789
are grown in suspension; i.e., wthout an anchori ng
r

surface. Mddalities of h [
expetiEIant kI e N8 ATORAAT TR GG BaPT Py Syepferme taFron
exanpl e, stirred-tank bioreactors and airlift
and dppeeds sloown in higuae €i cul ar enbodi nent's, t hebi or eact or
is a stirred-tank bioreactor. Cells grown in a
P3o055]ul Iaatiehgstivgctbatiscdver tiich carapohentafittagedd ihinost
variety of methods known in the art including batch
impo"n-]%ﬁ e&ig%%@ﬁle?x%tfswinﬁéo;g@r@m WaSs tedtan (Botagrrmn)etAfter
al ., totechnol ogy 15(1- 3):103-9 ( 1994)), fed batch
the fSt3fgh S5 baltnFeabAbd Bﬂxev[\??bmﬁ@ BRRR2indicRfink o Bétches

perfusion {enmploying a cell retailning
SO waste can

devi ce, be .renoyed from [
ShowREFEH SR ariers STiEdD Eepehany B 3hiBrhaicnes
~Nos. 4,814,278 or 6,607,91 0) culture rr%t ods. . I n sone
(withpat traceiPar Téwisralipier growtmeates of @%me%urqwh?%%d BgSspges
batch re-feed process. In nore particul ar enbodi nents
shovidihat ebpiseraalene wasunatcfiaction ireissrravinglthg sealeswatoblem.
tenperature. In sone enbodi nents, a suitable culture
ExarhSIEPE B¢ SBateeE einardseChiohtatoglemuAbBotmal®, 33,
34735, 36, 37, 38, 39, 40, 4 1, or 420C In sone

CTRR8AeBng S SENoMil U afRishaNn BBRBAAISHCRIdB Ivas
a narrow Yange of tenperatures, such as 35-390C or

oose3 ¢ 25 SBCARESr RSB SR TER e B g e

0049] Bior t [ i ' ' '
thI\hBTQaw%)ldg:cgd g?gfq%guscgigh%nnsﬁte Icﬂltb’ l%rsl. ‘IP &vagqgéﬁ lhoaq 'aclg\llv level

of dextran sulfate in the media (10 mg/L instead of 200 mg/L) resulted in @ much
higher percentage of shoulder peak after incubation with phosphate
(approximately 12%, versus approximately 4%, respectively). A dextran sulfate
dose response experiment showed that higher levels of dextran sulfate in the cell
culture media reduced the amount of observed shoulder peak in a dose-
dependent manner. Dextran sulfate had previously been shown to increase
protein yield during BMP-2 production. See, e.g., U.S. Patent Nos. 5,318,898 and
5,5616,654.

Example 3.1: Declining Cell Titer in Metal-Supplemented Media

[0057] When iron and copper concentrations were enriched in the culture
medium, it was occasionally observed that cell growth was not stable, even in lab-

scale bioreactors. See Figure 3. It was hypothesized that the additional metals
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cul ture nmediumincluding, for exanple, oxygenation

(di ssolved @), pH, osmalarity, tenperature, |ight,
wapaotitis7concentrati on of particul ar nutri ent SPCEUSR009/040789

gl ucose or amno acids). In certain enbodi nents, the

bi oreactor nonitqQrs and mai ns, t enper at ur nd
may W61 ViR OUBSTCBRRL COTROSBILS st Cnerlr Buly Pe

fed in batches. For exanple, cells are grown in a
growthi.oreact or by batch refeed. In particul ar enbodi nments,

a portion of the total culture (i.e., cells and

NE00%8Y) |h predeminadi experimertsnv tssyecytyreliasteftigdie 4hgells

replaced with fresh nedium |In sone enbodi nents, at

were! 2@8kd 2R edenkh y sy AD. OE§@I 0° ells/BiL, ald grdih f&@FouP84¢s. orledia A1

nore of the to culture is renoved periodically and

oS ) ol S B oo
o oG TREIo BB AR R S O T

every 6 , 12, 18, 24, 30, 36, 42,_or
coppg(/,eafq;i z_an)zresglted m logver(grovyth r@tes 9Th§@eﬁ%p%ﬁtﬁ>€@ Qj{%}isa dose-
In nore particul ar enbodi nents, a portion of th
dependentidecnease imgiawvthaats ebeamedia pilaves sepalem®t%y@th iron
I n other enbodinents, a portion of the total culture

aloné. SC@ﬁﬁg\/@Wn arndwerd%)BaC(eﬁS)i@xTUbitai/quUcéd dowdh ra¢es 5imi@r to
or nore cell division cycles. By "cell

cellsgjfré!Wﬁ'lﬁ’%&%QAql Sfusfjptler'nén@%ih Irbg. average doubl i ng tinme

['tur duri ng exponenti al grovvthl e., in

Exarhh& S4b! 50 UllerbBid]'Re8hEE e&hceoeGgo hOP?é‘t%agtr
and/ or protfe i LLCP can,, b enha ced.b *7 éi foct
cdRPP8l (1 qrﬁ&gf e o e e BHoYAEERE getec

production can be controll ed b [imting the f eedi n\%
was opmglrebremedia A, wmqh@@@o@@hcplgthe growth rate defect. It was
noted that medium A1 contains principally pyridoxal, while medium A2 contains
only pyridoxine. BMP-2 EMC G5 cells were growth in media A1 and media A2 at

different iron concentrations and with and without pyridoxal. The iron and vitamin

B6 content of media A1 and A2 are summarized in Table 2.
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in arestricted manner, e.g., as disclosed in U S
Pat ent Publication No. 2005/007001 3, published March
WQ@2m9/12680b5 (see also U.S. Patent No. 7,429, 491PQT/US2009/040789

[0051] For all patents, applications, Genel Ds,

Ref erence Sequences, or other reference cited herein,
Tablg 2 shoul d be understood that it is incorporated by

reference in its entirety for all purposes as well as

for the proposition that is|recited. Were any

conflict exists beenamidaxaloPyAEeXine hcor porated by

refler endbedidd t helUMeséM) appl BM i on, this

appl i chted@AWi || |dom nate. EXAMPLES Exanpl e 1:

Scal e- upulrfsbl em déir | ng1® hBYP- D1 adiict i on [ 0052]

Durli ngMgdiseAbpnent of a BMP-2 produci ion process, a

scal e- URupt | em Vi&s| obderved W-1%h hjgh cell density

culit ur eedRfAZHO cel I 5 that goexpress|rhBvP-2 and

di hydr of giiatee reqdust ase ( DHER) (iher ein known as EMC- Gb

celll's) MedizAd,, 900-11ter biorleactor. H gh cell density

cullturaz uverFe | noci at ed) at |0. 6081 06 cells/nL for a

3-day kaldehazor 0.30x1 06 cells/nL for a 4-day batch.

Durli ng 8 he #d,r st passage of the batchqrefeed process,

t he of4 mall _gldoxglensi ty aenmunl y 10eached 3. 0x1 06

cel|l'sT Wledidond, the Tinal cell| density|of the follow ng

passages (Meeéi ned progressively. For |exanple, three

pasxIps/ WouHddxaes t i n2harjvestiocel || densities of

3.0xT 0o, 1.6x1 06, and I.0x1 06 cells/ni,

respectively. Such declining gromh rates resulted in

aﬁgﬁéggrggl[g\?/epé CQMD eglr%é’&?é I’cJt‘eH e%QQtaW |ﬁcm%¥bldm

) productl Vlt omer sired. The
clini 6
SR B O B B AR 01500

nodel for
cells/mL and harvested at the end of 3 days. Day 3 cells were counted on a

CASY counter to obtain the final cell density (in units of 10° cells/mL). The growth
rate was then calculated by the following equation: Growth rate (u)= In (final cell
density/ initial cell density) /culture time (hours). Results are shown in Figure 5.

[0061] It was discovered that pyridoxial, but not pyridoxine, was the
component that interacts with iron and caused inconsistent culture performance.
Pyridoxine is the precursor of pyridoxal. They are exchangeable as vitamin B6 in
culture medium and act as cofactors for transamination, decarboxylation, and
deamination. For most cell culture processes, it makes no difference if media
contains pyridoxine, pyridoxal, or both. However, pyridoxal at certain
concentrations interacts with the increased amount of iron and negatively affects
the rhBMP-2 production process. As:shown in Figure 5, medium A1 elicits a

growth rate defect relative to medium A2, which can be exacerbated by additional
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investigating this issue. The declining harvest cell
density was seen in the 160 L bioreactor, as shown in

wo@anzo319 [ 0053] Additional experinments showeRCT/H82009/040789
same difficulty. In one trial, the first high density
passage reache

ron. JR{1PG S RBIEGETH VHsBAEe Fe A 5t A e defect

cells/nm. The reactor was inocul ated agai
in andromt dasie-depriidens naanmerh TAUpr benpskigation %WQB%"@W rst
and second hi gh density passages reached final cell
conceetnstidr @sd highr 65rdertitatmnd of p4OArtioss oépyrdenal in the culture
respectively. Both control experinents denonstrated

meditifEre3GAs &1 URstBbRYARIBIBLOphinaNcliigeigrowth. hi gh seed
passage reaches a high final density but the growh

Exa[é;ﬁé B%b@%ﬁIdc?ééé@"fnlr@elPB@ﬁé&?aﬁ@@r&t@ﬁfT%@m ficantly.
end 0054). The 0 PRl :
o g0l At Rger b T A e R DA E oI B2 Pwhicn
I
climisaiesirsvEogel Eomiine roRdu. RN STGHEN Ak BIFoS AR Gdpeere
Wth Trace D, high-seed batches (3-day and 4-day)
consistersti ane exhipited aciwdichdinceeasederrpdueltyityfin 3”@“13@4?

cells/nmL or higher. The growth rate and specific

bioreRiCRsHY Siwell ¥s res@nesicibl-gtaladiorehttorsTtelativenidi eatiers
that trace D positively affected the cell growth

proc@gﬁ LBEL FRJUrE S arﬂ“ﬁgg?‘é gl trhuef trRNesERICRIBM td culiie efiedium

S were grown in dia with and w t hout

oeschBRLTIFRSEbIGAE A3o§e0mELh BoRiRY ks g s
up o(:qrga%%g} ?@é{\s’twr@);%n P@f“&%lg%%@ cgqﬁ;\%ﬁ?clfﬁpl el‘%‘%?&n% ts[]bstantlal
increases in the yield of high-quality recombinant protein.

[0063] The cell line used to produce recombinant human bone
morphogenetic protein-2 (rhBMP-2) in manufacturing was a Chinese Hamster
Ovary (CHO) line that coexpresses BMP-2 and DHFR, referred to herein as EMC-
G5. The cells were cultured in 2,500-liter working volume bioreactors inoculated
at targeted cell densities of 0.6 x 10° cells/mL. Cells were cultured in Medium B2
(see Table 4). The temperature of the cultures was maintained at 37 °C. The pH
of the culture was allowed to decline over the first several hours of a passage
down to a set point of 7.10 and was maintained there by the addition of titrant.
The initial pH of medium B2 was ~7.30. Cultures were serially passaged at each
inoculum cell density for two 3-day passages and two 4-day passages. The pH
probes were calibrated on-line according to measurements from a blood-gas

analyzer (BGA). Cell densities and viabilities were determined by the manual

-26-



the first high seed batch reached over 3.0x1 06

cells/nL, the follow ng two batches showed decl i ni ng
w@e@itesrat es, simlar to the behavi or of the PORUS09/040789

bat ches (without trace D). The declining growth rates

of the three high-seed passages shows that, copper. ...
COUNhHBIAE MISEOSFePe et $iBg the P%ﬂi% W'Q%O?ﬁ%g%éﬁnﬁwab”“y-
probl em Exanple 2 : Dextran Sulfate Elim nates
Conditivretamegiummfrann el eeltiney Jf@0SeTh Passage WReRYesied by
net al eval uations, an abnormal shoul der was observed
centr@fQgbtisn sa¢ onsh flesdedof the Size Excl usi on chromat ogram
( fromrhBMP-2 produced in previous high-density
¢ €Sy f tthéform IS riseyrehedb Ldexitinanese
sﬁP g%]eﬁanal%%g%d?gﬂ?qéﬁﬁg/ L instead of 200 ny/L)
td.resulted in a nmuch higher percentage of shoul der peak
SWAEPt er i ncubation with phosphat e (approxi mately 12%
versus approximately 4% respectively). A dextran
Tablg fate dose response experiment showed that higher
levels of dextran sulfate in the cell cylture media
reduced the_anpunt Gdmpohepsr ved d¥asiaAfer MEERIAZ n |5
dosedepepddnt nmanner. Dextran sul™Mt e had™h evigusly
been shown to increasdiaprotein yP&PY durithiPOBNMP-2
prioducti on. See,| e. garginideS. Pat p@t52Nos. | 3.3908 8 and
5,1516, 654. Exanpl e AsghraginBecl i nj AG0Cel | | TW45%r | n
Mgt al - Suppl enent|ed AMeatiiccadd0057] | Weed i r or0.260d copper
cgncentrati ons wer eyl iehe@d i n| D60 cul t ur€0medi um it

wgs occasional I'y olseamngedct hat cel4bogr ot h40as njot
stfable, even i n [l abgeahi€adk Or eaLbens. Seeo.fogurel 3 .
| twas hypot hesi|zed d iahind he adflistoponal | nedal sma
i nteract W th otjher BREhLIM conponeab(s) |antboresul t in
unstabl e Curture ™ s jel H2o 0.220 0.175
isoleucine 0.800 0.450
leucine 0.800 0.650
Lysine HCI 0.800 0.500
Methionine 0.200 0.200
Phenylalanine 0.400 0.250
proline 0.600 0.300
serine 2.000 2.000
threonine 0.800 0.400
tryptophan 0.080 0.080
tyrosine 2Na 0.400 0.200
L-valine 0.800 0.400
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growmh. [0058] In prelimnary experinments in tissue
culture flasks (Figure 4), cells were seeded at a

walengizop7of 0. 08x1 06 cell s/ L and grown for fPRCF/USHYS040789
Media A 1 (140) supplenented with copper or zinc al one
supported grow h rates conparable to the

Tablg)3s GPMINIRENt ed media, while trace D suppl ementation
(additional iron, copper, and zinc) resulted in | ower
gn owvitenirsst es.  The cells al so exhil ted ja #M¥sedegendent
deécrease in griowth Batie when nmed).880A 1 wdB50
suippl enent ed wbDtGaldiuno paradtioenate Ced. TG gr ow#.408 nedia B 1
(248) exhibited emmineetbrigeow h| vated si nb4.800to |cells
grown in nedia A 1tsigpgdenent ed sdoh i rpré.00Bxanyl e
3.[2: Pyridoxal FTronidositser act i on 7Resal t s| roodeduged
Growth Rat'e [O0059%ichthaidbur t her 1sogly, eelseo A 1,

rchelicrted Thehaxmesi rate| dgiect waso.ogurparjed to
rdira A2, whi ch dl g B i@l 1 CT T | Th@o@r oW y doat e def ect .
| —was ot ed that MEGLUEM A 1 cong sdgnS P Tgwsopal Ty
pyrrdoxaf™ whi & R iIRAZ CONTag By 0N Y gyl doxi ne.
BiyP-—2—EMC 65— C e o itleh 9T OV T T s gBPUT & A doo@Nd Jmedi a
at—orT1eren on—concentralTons amna Wt an
T AR B TR T A
[ 0060} Cell-s—wpre B3NGB d—in MAAT *7"{2." L dishes in
an_incubat or _mhi edympaugie 37 500,940, 71}’5’% D0¢ el 3
ddys. Cells were dodgiegcidt o 115%15%6 cotd8Pa and
harvested at the dpigctigpcid days| a0 3 cel 90 ear o
caunted on_a CASPUtasgine 3iCk o” ot 290t he| A2 col |
density (in units of 106 cells/m) Thelgrowh
Inorganic salts mM mM
NaCl 94.860 94.860
KCI 4.200 4.200
CaCl2 1.050 1.050
Na2HPO4 0.500 0.500
NaH2P04.2H20 0.450 0.450
MgCl2 0.300 0.300
MgSO4 0.400 0.400
uM uM
CuS04.5H20 0.005 0.002
FeS04.7H20 2.250 2.250
Fe(NO3)3. 9H20 0.125
ZnS04 . 7TH20 1.500 0.400
Other additions
PVA 24 g/L 24 gL
Insulin 10 mg/L 10 mg/L
Hydrocortisone 72 pg/L 72 ug/L
NaHCO3 2.44 g/L 2.44 g/L
Dextran Sulfate 200 mg/L 200 mg/L
Sodium Selenite 0.029 uM 0.029 uM
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rate was then cal cul ated by the foll ow ng equation:

Gowh rate (u)=1In (final

cel |

wa@lenwsilzoy9o / cul ture time (hours).

Fi gur

but not pyridoxi ne,

e 5. [0061]

density

/

initial

cel |

Resul ts are sPOIMISION9/040789
It was discovered that pyridoxial,

was the conponent that

i nteracts

with iron and caused inconsistent culture performnce.

Pyridoxine is the precursor of pyridoxal.

They

are

Tablexdchangeabl e as vitanmin B6 in culture medi um and act

as cofactors for transam nation, decarboxylation, and
deanf nati on. For nostpemnt cul tiMeiaBiocleses? it nmakes
no diffigs &hee | nedia containg pyiM doxi ngwm pyri doxal ,
or bpth. Howevier, pyrjgoxal at [cepbgi n copggntations
Inte §Et§“mnzp the |ﬂg£ﬁ§§?g gn ugh4or r9gy and
negattvetry—af LLR t TRlyP-2 9q80t| m, Py oce 2SS. As
showr—-A—Fi-gur et s—argrowirrate
def et _rel ativie toATREHE @W“A° i 280 canl b ader bat ed
by additionalifon CWM HQlanI e ; a Wi hOfI\er! doxal ,
medi um A2 elicjts @ysgheﬁtﬂ@ rate dafbct | nl4% idon
dosef dependent | manBletamiclEeids, t he 68fbi natP.8h of hi gher
i ron| concentrali on @otmregher cloneeatraji 808 or
propprtions of| pyridgysle i n the culgure nedoumiresults
i n upstabl'e and su SQQﬁH§@| culft upeggr o g3z Exanpl e 4
. Ropust—increase Em&ﬁhk Densiffy apd Projgsn Titer
[ 006RT—After—a IUILHE&qéFUIUHI 0H3bcat on fresul ting
= P2\ H :
i n npei-tm-B2) v RN frated pﬁzauuxn|1%bunlthe
nedi pm—cel—g nwﬁuy§ﬁﬁ§4p—2—ﬁfuuh,tiv werg
cons|stent. and_exHENPERE 2 ¢ wol f 88 i nbrB5le iin
productivity ip sr¥lenylaienite bi or eA8Pors! al’fe as in
commerci al -scal e bi oprelinst ors re| afit¢e to BAPI i gr
procgsses. See| Fi gur eeffhieand Fi gur @.68. Thu8.35t hg
nodi fications o cukdréthéenedi um 1.12 1.20
tryptophan 0.14 0.24
tyrosine 2Na 2H20 0.56 0.40
L-valine 1.12 1.20
Vitamins uM UM
Biotin 1.51 2.55
D-Calcium pantothenate 8.46 14.10
choline chloride 116.20 193.50
folic acid 10.80 12.00
I-inositol 126.00 210.00
nicotinamide 29.70 49.50
pyridoxine HCI 8.15 30.00
pyridoxal HCI 10.00 0.00
riboflavin 0.97 1.65
thiamine HCI 11.70 19.50
vitamin B12 0.90 1.50
Other
components uM UM
D-Glucose 11.1g/lL 11.1g/L
Sodium pyruvate 500.00 0.00
linoleic acid 0.21 0.15
thioctic acid 0.70 0.50
putrescine 2HCI 15.40 15.00
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described in this application elimnate growth defects
that occurred during scal eup of reconbi nant protein
w@e@duzsion to a commerci al -scal e, resulting PCT/US2009/040789

substantial increases in the yield of high-quality
reconmbj nant protein. [0063] The cell line used to

Table)# oeRMEEUEEC onmbi nant human bone rmrphogenetl c protein-2
(rh MP- 2\ in manufa(‘turlnn was._a Chinese Hanster Q/ary
(CHO) li ne that coexpresses BMP-2 and FR_referred
t 0 hetoeganicasitsEMCG5. The cel |l s werreMcul tiur eeMi n
2,500-1iter working welcunme bi oy emtg/ior s |i rsoxgll at ed at
tardeted cellT densitieg of 0.6 x 410d cell g/ool Cells
wer e curtured in NEdbg@ZBZ (see Tal e 4). 1bge
t engerature of ﬁ;ﬁ#&es Was TNt aineq sat 37 OC.
The pH-of—the ' OET) 10 dectijng over the
firs ver-ad age—gowTto f) et—poi nt
of 710 and was—nai M85i4ne here—By—the—atdt+on of
titrlant  The inltialM@3Pbt med| ud: wals _
Cul tjures were serially passaged abMeach indtul um cel |
densiity for two| 3-deS04senges| ap@n¥wo 4- AWM pagsages.
The |pH probes wer eFesd4. 2t ed on-9.5he accddi ng [t o
measjur enents fronranbbpoghagas ana.yzer (BGA) . Cqll

densjities and v abZnis ego@er e[ def gy m ned 4pp t he
manuatcoumt usi croscope, UiSTng theftrypan [l ue

excl —on eu i e X abr iy nairrTopegd medi um
24QR .

from ?{hqra%ﬂtllo{ns, ps—afte Xcabll pabbdrggi 1?01 est ed by

cent pifugati-on—and fbﬂ§HmF. I+ e K lng b I 3 and

V.0 i A I T i O I B |

I 1 T £S5
4 shiow the formil A#Mquartlsmemd.%mg

SO

F-'-C

b (1

[ alVial
A>3

g

d

3
ge

studies. Table 3TahINeHEO3cant i nidetfTdb| e :
contj nued Dextran Suifate 200 mg/L 400 mg/L
Sodium Selenite 0.04 uM 0.0805 uM
Trace cpts. uM uM
MnSQ4 H20 0.02
CrCI3 0.01
(NH4)6Mo7024 4H20 0.02
Kl 0.02
Na2Si03 9H20 0.1
H3BO3 0.02
H3BO3 0.02
NiSO4 6H20 0.002
NH4VO3 0.002
AICI3 6H20 0.0004
KBr 0.0004
NaF 0.0004
GeQ2 0.0004
LiCl 0.0004
RbCl 0.0004
SnCl2 2H20 0.0004

[0065] Other embodiments of the invention will be apparent to those
skilled in the art from consideration of the specification and practice of the

invention disclosed herein. It is intended that the specification and examples be
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[ 0065] O her enbodi ments of the invention will be
apparent to those skilled in the art from

weongiizgisrat i on of the specification and practi PEr/0820091@40789
invention disclosed herein. It is intended that the

speci fication and exanpl es beconsi dere exenpl,. -
consigRrea aseRAMRIary @ihs WHEA §HG %Pﬁi@dﬁp'&hﬁﬁhﬁ%\{%@h%ang
bei ng i ndicated by the follow ng clains. WHAT | S
indicatiedl iyEDelfetiovting&laBishod of BMP-2 producti on conpri sing
the steps of: i) culturing a suitable host cel
conprising a DNA nol ecul e encoding a BMP-2 in a
cul ture nmedium conprising iron at a concentration of
at | east about 2.25 mM a pol yani oni c conpound, and if
pyridoxal is present, it makes up |ess than about 55 %
of the nolar concentration of vitamin B6 in the
culture nmedium and ii) recovering the protein of
i nterest wherein the host cell is cultured in a
bi oreactor having a capacity greater than about 3 L. 2
The nethod of claim 1, wherein the ironis at a
concentration of at |east about 5 MM 3. The nethod of
claim1, wherein the culture nmedium can support a
harvest density of at |east about 2x1 06 cells/niL 4 .
The nethod of claim 1, where in the culture nmedi um
further conprises at |east one vitam n B6 sel ected
fromthe group consisting of pyridoxine, pyridoxam ne,
pyri doxi ne 5'-phosphate, pyridoxanm ne 5'-phosphate.
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5. The nethod of claim4 , wherein the culture nedi um
has a total vitam n B6 concentration of at |east about
wa 093 The nmethod of claim4 , wherein t hePCLIUS2008040789
medi um has a ratio of pyridoxal to pyridoxine of |ess
than 1.2. 7. The nethod of claim6, wherein the ratio

i d o pyridoxine is less than 0.4. 8. The
WH @—éé—ml wherein the culture nmedi um further

is a concentrat.i.on. of at | ast about
rf‘&/l tﬁoé‘ﬁg%%o%fogf‘%qrb?‘ﬁmﬁns'ﬁﬂérﬁ%lsf? ‘cul ture
medl um further conprises zinc at a concentration of at
| east albeutumngasvitable. hosheetheerpasHo & PAAvMpleguhe eareding
t he pol yani oni c conmpound is dextran sulfate. 11. The
a BMRt2hiodh oditurkanedilith carhpriging iroheat desancaentration af et iesist about
present at a concentration of at |east about 10 ny/L.

2. 25Ju'4v| 4 pelyaRidHis cempelipd naddif pyhesgilns praserext makes up less

fate’is present at a concentration of at | east
thanacﬂ%lég 5500 dmllxémo}é”r cchr{?:%n%‘ﬁ@ﬁ’@f QtarhlrPB8id the Mﬁ‘fr@'nﬁbdlum
ext ran at e has a nol ecul ar wel ght of between
about 5,000 and 500,000 g/ nole. 14. The nmethod of
cI ai m 13, wherein the dextran sul fate has a nol ecul ar
ght of about 7,000 g/ nole. 15, The nmethod of claim
1, V\her@lrﬁCPﬁ%r'Qﬂﬂhelﬁré’?%@l f {Hetest t her conpri ses

wherein the host cell is cultured in a bioreactor having a capacity greater

and

than about 3 L.

2. The method of claim 1, wherein the iron is at a concentration of at least
about 5 uM.

3. The method of claim 1, wherein the culture medium can support a
harvest density of at least about 2x10° cells/mL.

4. The method of claim 1, where in the culture medium further comprises at
least one vitamin B6 selected from the group consisting of pyridoxine,
pyridoxamine, pyridoxine 5’-phosphate, pyridoxamine 5'-phosphate.

5. The method of claim 4, wherein the culture medium has a total vitamin
B6 concentration of at least about 15 pM.

6. The method of claim 4, wherein the culture medium has a ratio of
pyridoxal to pyridoxine of less than 1.2.

7. The method of claim 6, wherein the ratio of pyridoxal to pyridoxine is less
than 0.4.

8. The method of claim 1, wherein the culture medium further comprises

copper at a concentration of at least about 10 nM.
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am no acids at a total concentration of at |east about
20 mM 16. The method of claim 15, wherein the cul ture
wore@oaza3conpri ses L-cystine at a concentrati onP@f/US1009/040789
| east about 0.5 mM 17. The net hod of cI aim 16,

wherein the cul tur Lal ut
a tomeemeiiad gfndg'f”?zltn‘%ﬂﬁﬁ'n @‘!‘%S%” uh @Wh%ﬁggmpnses

nmet hod of claim 1, wherein the culture nmedi um has an
zinc ehatcoatenisatinraef atjeast ahouh@ehiMbout 260 and 360 nmOsm
19 . The nethod of claim1l1, wherein the BMP-2 is a
metovel HeamebBide: 8f clain 1.Twaeraht kroxlpolfyanioaiccdrapowtbisedaextran
the manmalian BMP-2 is a human BMP-2 (hBMP-2). 2 1.
sulfaféle nmethod of claim 20, wherein the human BMP-2 is
reconbi nant (rhBMP-2).22. The nmethod of claiml,

V\’hﬁ SHiL H%ﬂquoubf 89&15&&(&% he 3e%§5?§ﬁ!ﬁ1efi§ B@ﬁ%ﬂ?at a

roup consi's
313 ¢ or a 293 cell. 23. The nethod
CO”C@P”@ igh HFQEQQ%@P%H“ Fdﬂ‘é’/lsw table host cell is a CHO
cell. 24. The method of claim 23, wherein the CHO cel |
hat2.al hecanetiear ekglpisa d0owherein the @PFF@’@@H'EateZ%Preﬁ?@t ata

met hod of claim11, wherein the suitable host cell is
concenlkratioe df iahleaasbiabmeta‘rﬁ(bmgﬂhat has a capacity of at
| east about 160 L. 26. The nethod of claim 25, wherein
t hes bry ereficd ohalaind 16 apderdil td dektran sulfate has a molecular
weight of between about 5,000 and 500,000 g/mole.
14. The method of claim 13, wherein the dextran sulfate has a molecular
weight of about 7,000 g/mole.
15. The method of claim 1, wherein the culture medium further comprises
amino acids at a total concentration of at least about 20 mM.
16. The method of claim 15, wherein the culture medium comprises
L-cystine at a concentration of at least about 0.5 mM.
17. The method of claim 16, wherein the culture medium comprises L-
glutamic acid at a concentration of at most about 0.3 mM.
18. The method of claim 1, wherein the culture medium has an initial
osmolarity of between about 260 and 360 mOsm.
19. The method of claim 1, wherein the BMP-2 is a mammalian BMP-2.
20. The method of claim 19, wherein the mammalian BMP-2 is a humén
BMP-2 (hBMP-2).
21. The method of claim 20, wherein the human BMP-2 is recombinant

(rhBMP-2).
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| east about 500 L. 27. The nethod of claim 26, wherein
the bioreactor has a capacity of at |east about 2,500

w@20028293The net hod of claim 27, wherein the bi PCEHS1009/040789
has a capacity of at |east about 12,000 L. 29. The

oy batiermpEiceed iy oRDEI G SRR g odigs St fom
nmet hod of claim29, where the host cell is_cult dl?y
the gpeuz RORYIstGIOf 8 COS TR aEHgebra BHE felb@ Balhis &% el or a

host cell is cultured at an essentially constant
293 tadhperature. 32. The method of claim3 1 , where the
tenperature i s about 36-380C. 33. The nmethod of claim

1,24 aHeh@etener diainng2 t Weesliretheoduitzible hystgelitibe GND- &Il
on a butyl sepharose resin. 34. The nethod of claim

‘W\%rr‘ﬁbﬂwcf({/‘?r é?é'lrrrh EB héf‘éfh ﬂ+d€ @:P@ cEIPARS 'asr@éuéétﬁ

steps of app |t|on cul ture medi um
cont ai 2 to aheparin-like resin, obtaining
expr%T?I%n Bg *&g@é‘mﬂaﬁ%g the BMP-2, and applying the
el uate to the phar 0s res,'. 5., A net had of.
.3 o DUR) S IR WBPTeY T atabe Pt So) Bl e
a sui tabl e host cell conprisi a DNA nol ecul e
bioreastardhaighas BlvRpacity of af |ﬁa$trﬁbi>ug d6Ok-e medi um
conprising iron at a concentration of at |east about
2.26.MYe mefddyaindlaim @5cwhp@imthe biodeadtorinasaBépatityaof at
concentration of at
least about 500 L.
27. The method of claim 26, wherein the bioreactor has a capacity of at
least about 2,500 L.
28. The method of claim 27, wherein the bioreactor has a capacity of at
least about 12,000 L.
29. The method of claim 27, wherein the host cell is cultured by batch
refeed, fed batch, or perfusion.
30. The method of claim 29, where the host cell is cultured by batch refeed.
31. The method of claim 30, where the host cell is cultured at an essentially
constant temperature.
32. The method of claim 31, where the temperature is about 36-38°C.
33. The method of claim 1, further comprising the step of purifying the
BMP-2 on a butyl sepharose resin.

34. The method of claim 33, wherein the purification further comprises the

steps of applying a conditioned culture medium containing the BMP-2 to a
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| east about 15 mM and if pyridoxal is present, it
makes up | ess than about 55 % of the nol ar

weomegazsrati on of vitamin B6 in the culture nNERCT/IF2089040789
ii) recovering a BMP-2 protein wherein the host cell

is cultured in a bioreactor havi Ci r.eat
hepafiRdiE4BB0t OBANINgaN S RRaNg e Bl P gy Hhe

the culture medium further conprises copper at a
eluatedadembuid sephafosgiresiBast about 10 nM 37. The net hod

of claim 35, wherein the culture nedium further

CEHN methad ocBMP-3 produstionranmmising thet stepasf: about

0.2 MM 38. The nethod of claim35 wherein the host

cel I i 9)ayifdiaceblitasi8. ho@h@elﬂ@ér’ﬁpﬂsmé £bRiAM3fecule encoding

vvherelntheB -2 is rhBwMP-2. 40. The nethod of claim
1 0,
o ST 8y A AR St s

thad of cla er
about 23 uht egraaapeimi i G deh s Be %‘%gﬁiéeﬁ{"%“ ket
of at | east about 20 MM 42. The thod of claim ]5 o
loastghenbilh 1 eand A BOKBUP BHESSH MOBeS Lpdass fi ahou 55 % of
concentration of at |east about 0.5 nM 43. The net hod
the nodlac tancet@tiontednvitamin BE iodhe culéuregoediw,\@itcher

conprises L-glutamc acid at a concentration of at
nost  abpuécdveting™ BMP-Pheroteit hod of clai m 35, wherein

the culture nmediumhas an initial osnolarity of
beiN&eh MRMst2E ieBditdel iMebreactor having a capacity greater
than about 3 L.
36. The method of claim 35, wherein the culture medium further comprises
copper at a concentration of at least about 10 nM.
37. The method of claim 35, wherein the culture medium further comprises
zinc at a concentration of at least about 0.2 uM.
38. The method of claim 35 wherein the host cell is a CHO cell.
39. The method of claim 35, wherein the BMP-2 is rhBMP-2.
40. The method of claim 35, wherein the polyanionic compound is dextran
sulfate at a concentration of at least about 10 mg/L.
41. The method of claim 35, wherein the culture medium comprises amino
acids at a total concentration of at least about 20 mM.
42. The method of claim 41, wherein the culture medium comprises
L-cystine at a concentration of at least about 0.5 mM.

43. The method of claim 42, wherein the culture medium further comprises

L-glutamic acid at a concentration of at most about 0.3 mM.
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45. A nethod of BMP-2 production conprising the steps
of: i) culturing a CHO cell conprising a DNA nol ecul e
we@nmod2agp a BMP- 2 protein in a batch refeed prODESH09/6010789

cuI t ure medi um conprising iron at a concentrati on of

st apout 2.5 copper . at conc |on t
Ié%st S5B6 O%(Pfrﬁ{f{“ng%’n‘%h Eirytheguiyre eréf 4<°dh e
concentration of at |east about 20 mM L-cystine at a

osmalanyarteiveen abpubZ6) aad36AUBHEM. 5 mv  dextran

sul fate at a concentration of at |east about 10 ny/L,
arb. W mettiod G6BEIP-2 prodwdionranprising the stepasf: about 15
mv and if pyridoxal is present, it makes up |less than

about  Fpcitring HEHDIcaN copiprieMy aDNX nflestlé @mcodiBg & BMP-
the culture nedium and ii) recovering a BMP-2

2 prcﬁéﬂtlﬁ' rl%atmﬁ 8kl JriCedORlcufbtd rrie%iuﬁﬁ'chﬁﬁ%mg”lr& ata

I oreac aving a capacity of east about 160 L.

Rt T T

about 47. A nmet hod, of 2 prod .
10 nloRPING ARGSH Gl EomGPRIFIOTel FPFHERY %btra&, L-fystipe at
cell conprising a DNA nol ecule encoding a BMP-2 in a
concentratipreohedicast aooyird.8inny. fexxramsuliate @b ecgancanirationef at
at | east about 2.25 mM a pol yani oni ¢ conpound, and if

leastmtiouddRahgiLs apdestantin Ba ati s cpmesseratioatof ait temrst @aboubl d g,
of |less than about 15 mM and ii) recovering the
and PHYFGHXEI S ptd¥eRE 86fakes up less than about 55 % of the molar
concentration of vitamin B6 in the culture medium; and
i) recovering a BMP-2 protein,
wherein the host cell is cultured in a bioreactor having a capacity of at least about
160 L.
46. The method of claim 45, wherein the culture medium further comprises
zinc at a concentration of at least about 0.2 uM.
47. A method of BMP-2 production comprising the steps of:
i) culturing a suitable host cell comprising a DNA molecule encoding
a BMP-2 in a culture medium comprising iron at a concentration of at least about
2.25 uM, a polyanionic compound, and if pyridoxal is present, it is present at a
concentration of less than about 15 yM; and
i) recovering the protein of interest

wherein the host cell is cultured in a bioreactor having a capacity greater

than about 3 L.
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wherein the host cell is cultured in a bioreactor

havi ng a capacity greater than about 3 L.48. The
woredoboeh3ed any of clainms 1 to 3 1 or 35 to 47,PETIUS1969/040789

conprising a step of purifyi ng the BMP-2. 49. The

met hod of cl ai m 48, rthe C ing_the, step of. .

f g mAGOCHE ot dmsehis 51 B 53 B, MitErcesrising a

50. A product produced by any of the methods of clains
step of porifging the BMR-Dhar maceut i cal fornul ati on conprising

t he product of claimb50. 52. Use of the product of

cl4g. Mhalmiethodhst giep48 aurthar cémarisiaditcastant off formulating the

treatment of a patient with a defect, injury, disease,

purifieth BN1PY 48% gHarkRRE8UtiEASUe.
50. A product produced by any of the methods of claims 1 to 49.
51. A pharmaceutical formulation comprising the product of claim 50.

52. Use of the product of claim 50 in the preparation of a medicament for

treatment of a patient with a defect, injury, disease, or disorder of bone tissue.
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