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WD 2004/ 008100 PCT/ US2003/ 021733 METHODS AND MEDI A

FOR CONTROLLI NG SI ALYLATI ON OF PROTEI NS PRODUCED BY
wOoRMMBL1AN CELLS FI ELD OF THE | NVENTI ON 5 ThePCT/US2003/021733

invention relates to nmethods and nedia for controlling

the sialylation of a protein produced by cultured

cells. BACKGROUND Proteins are useful in a variety of

R AR ORSA R EPIR 2k QB IRGLLINGSrAg VionTION @F g
cost of pNOTEENSP ﬁU@EﬁBmﬁe ANCE Bpgutic

proteins, even sna I ncreases I n ency of
production or in the function and stability of a

protein can be v and stability,
and hence the utWO%oTI@QM&&'ﬁ)%n be affected by
t heTROg &R ralhicd e RAdd ihPReh foﬁé&%ﬂf gsthéj%imla'ﬁgn of a
the protein to forma glycoprotein. For e
protgidprofeseddty coBuredcollnal sialic aci d resi dues to
pol ysaccharides attached to a gl ycoprotein generally
increases the protein's lifetinme in the bl oodstream
and can, in particul BACRERQUAPO affect solubility,

thermal stability, resistance to protease attack,
antlrgEmscare ysefildn a vagtyiof Hiagaesticvphaymegolegiesagricultural,

L T N ——

espe(cizﬁﬁahﬁrapeutialpnbtemﬂwan 8121413 ficreasdSim- tEQeffichenby? oﬁﬂroductlon or
tt(l’)]rﬁlpefore de e [ ncrgase the sialic acid
in the fpetian gd W 88& P’éﬂt“é‘iﬂ (720 88 HRlEARP Jhafungp% st wellity,
and henQ&he 886tyf 6f a ﬁ%ﬁ:ﬁﬂ'meogf&teﬁn)grl thé ?ﬁét%ﬂﬁ}auo%g Yon of
The | nvent| on provi des nedi a or culturi
sugargasidisdn theerpisinsto fomsa glycoproprindbareexampie thei addition of
ecret rote and to
ternfl PR s AR RRUR T e aes afaeRS s RlyCuprdieim ety
increaxs$ ﬂf&tpr@tﬁml’ éﬂlﬁffeﬂﬁlélilﬁ?tﬁé blddRtrb 4N 8Rd b8 iPpAUbHEScaRes, also
met hod for increasing production and/or sialylation of
affe%lt sorlity nthgmatsiehBity. apsigtandedo peasense akiakgantigehigity rapdt he

act R9E, 2 cto
oS LA @ TROLTL AT, 08,08 5SS UL b 236
and B4 eanet ys(@memmmlmm q196%), JT&?iGlOSJﬁemTtJaﬁs(l) 155-59. Itis
thereé% ntr tions of gal actose, mannose, and fructose can

Burable GHncmge e siakc ﬁ‘R?Fitcﬁnt&BbQﬁa glycapnpteins expeaily e
glycBpotdiVid Be 8RAY5r Aol Hﬁpﬁ&?ﬂ\)%nsl m to about 10 mM

or fromabout 1 mMMto a ou The concentration of
-1 WD 2004/ 008100 PCT/ US2003/ 021733

N- acet yl nannosani ne cmeast about 0.8 mMM
optionally at |east a 3mv 4 MM 5 nM 10
MMTheinvtidivprolites Re@lagind B@RoRFoRciREME e Hnmalian ce ls 80
reconbi nant protein, and the mammalian cells can

as topyerlecs) 3 Rroteih epéenally arpagreted reesnghinad pasteia, and to Control or,
optionally, to increase, the sialic acid content of the protein. The invention provides a

method for increasing production and/or sialylation of a protein by mammalian cells
comprising culturing the cells in a medium comprising galactose and fructose. The
medium may be serum free and may also comprise N-acetylmannosamine and/or
mannose. The concentrations of galactose, mannose, and fructose can each be from
about 0.1 mM to about 40 mM, from about 0.5 mM to about 20 mM, from about

1 mM to about 10 mM, or from about 1 mM to about 5 mM. The concentration of
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tenperature from about 29C to about 35C. 5 In another
enbodi nent, the invention provides a nedium
wWo@pittoosbdl y a serum free medium for culturi nBCT/US2003/021733
manmal i an cells conprising gal actose and fructose and,
N-aogyingamabsamindleacied atlemnatosa0ignaMVa bpl GiallfankResabout 2 mM,

3 mih D A0 ¥t A Hieupie iooutccmedrmcompinant

protelr) Bh@RRUharBmali M1t Qarﬁﬁ’%gf—lf@&lgMIﬁ@%gias %f?éoaﬁ@yédbo &

mMto about 10 mM each, rom about
tempergtvice rom, abueAEOtb ket 3S8@i ne can be at a

concentratio f at least .about. 0.8 MM 1 nmM 5 nM
10 ThoohEr sipodiinedo e R VenHiOB REPvisies dpsteip omiiggally 2 serum
freeimiotRihl R cERGAEPARERAlIM EaksRehpkehe GANREIR: hﬂd‘ﬁ?&&% and,

sialic acid content of a protein conmprising culturing
optignathihfatqetimernasamingtangfos thaoasse. tGrdaqooset mamadse, amd diuctose

| S - osam ne a actose. The
can SO REh e O3 bR BIORBT 1o o BB 5 Eoimatis s mv
to aligntt 20maM aach ffroie bBGE 137N tERBOGSIV) BRNeach A5 TrdE aBS R ISAM to
at_a_concentration fromabout 1.5 nMto about 4.5 mM

aboyt, 3 M each, Nyacedpispaesamits qsa bgtat g lencsatration ofdit feastrabont

0.8 FMACIERAM 3 1y %'qodﬂag 1-919{ cultured at a
tenperat’ure from a %)%t ’9%260 about 37C, optionally,
at Imotempboditnent, theriovangion ehcor@@Ssdsa rabhod fa3G6atrélling (M

. .about apout_.30C to about 35C. The concentration of 20
el G s R SR e 14 iiPE Sl Bl goduces

the FroRH irOm8difiM compistnB N - f t N
e?ﬁe rr%sdi ur_; cacn be Sf ?omagég%lgﬁaﬂ%%mnﬁﬂ@%@ga%%%?@gﬁﬁ&um
can fgdhepeemptise feentossandmaanoset €ptionally ifructnel At mannose can

cact RN R oo BB AR 15 R 68 s B Bitase

manfogesaiibat iheRame oh differdnt BBkeHFhd G, CPHel ddllicR bEBATRE &
cells in which gal actose and N-acetyl mannosani ne and,

temREEAPEHEPT DO 296C e thaub 32 Gontinraliyoste tamperabird Fioavibout
oW ' o trati
20 S o FoPARRT0 £°0 Bfhelsel ARG Bl

N-actylmanosaménet in alé medifimarm dbauleadt. dboni\d.§ enNabadtthdt. 5 M
osam ne can be at _a concentration of at

N- I
concepafon Bl g B THlE MEATY SATHRE 5O AbaW e miYl tgabout 4.5 mM.
The BRINGR A BE b@ébr&@cli Ffo% ahgut 4 gecgrélgMaépr‘g%%%r{dﬁcaﬁ ydM

he mamal i an cel's can be CHO e medi um
produead ipet GHOwellf ree. Further, the invention provides an

[ f .oduci ' .by. cul, [
ot e PR R ot Yo e stosmpiediop it g

meditih fodicuN@idgd @ amPRIEREd] RN Qﬁﬁélﬁgaﬁﬁct@e%ﬁ@@ﬁé&%ﬁﬁﬁnﬁ&s%ne
about 29C to about 35C in a nedium-2 WO 2004/ 008100

and, pptpnadypalsy ErpatesRandgpnmope s g oMbined witnthe medam. nErucie
e R R T
a corgehaati asieom mboutdsEmdN b about 4.5 mM. N-acetylmannosamine can be
at a concentration of at least about 0.8 mM, and galactose can be at a concentration
from about 1.5 mM to about 4.5 mM. The mammalian cells can be CHO cells, and
the medium can be serum-free.

Further, the invention provides an improved method for producing a protein
by culturing mammalian cells that express the protein comprising culturing the

mamimalian cells at a temperature from about 29°C to about 35°C in a medium
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fructose can be fromabout 1.5 mMto about 4.5 nmM
each. The concentrations of gal actose, nmannose and
wo eawgasge0 can be the sane as or different fronP@rUR2003/021733
other. The 5 concentration of N acetyl mannosam ne can
compaisig N-eaeiylndnngsanging hihg madidint daa abedionprise galab®se and,

L N TG W RE T e TN

fruckdse@bh Pe fioheaiony €/5thProRbOW 408 iVR e MR doRbentrations of
controlling the sialic acid content of a reconpl nant

galagtase.apannoserand Spefgsecanntba thensgmesasiondifferentddrs eadbatther. The

confiagof Ko DEFATRL 020k B Y]t BBR ALY Gocm
can be seruosiree. JlhambmbeliafBdIRQAR be THD bel; ahd tHEBRHRHATh B a
rein the concentrations of fructose, galactose,

Secrﬁtﬁ ISEPR ROt nedi um are fromabout 1.5 nMto
abcl*i'ﬁalﬂr et &/oR %\ﬁcliéé"?ﬁﬁ&hé‘d Igﬂ%oﬁt%]lﬁ mﬂreasté!%l?:naﬁldgomnt

N- acet yl mannosam umis a
of a Témongunang prateinicomprising tuleimpsammalpw€lls tAndxpfess the

recofifHin Brpier e PSSR PHI SRoRPEl RS I 45 1 Smedis
comPAking FrudRisa il dcfosB; %M@ ah@RdAh&: gylﬁa‘a?xi%s%gﬁ@%’hg{&rp{he

gl ycopr ot ei ns. Corfield and Scha
congeairptipns of drugese JzpdackGe, @ aangdose2in tkagd(uhQ%)from about

e 58( | ecul es used
L5 SENPLEEINE 3 A0k BB B S e ooV S fmmaosimons
in theymelitfnisIst lsas@ 0 S&QMicﬁﬁatcoh@erﬁﬁnoﬁsr STAMERPInh SRR, Ad
dotted |ine. gure ares the high salt-eluting
galagtosg ¢andie the S%Iﬁ%a%strtc}léférén r%@rareaq&egnh@m of tumor
necrosis factor receptor fused to the Fc region of an
anti body (TNFR Fc, which 25 is described in US Patent

No 5, 395, 7631;1E1hDﬂSCMPMON<oF&rIQHJREBunn when
i roducftd cul tures own in nedia with
T o B SEet modasiogalwas et torsiiatomet ¢ hat
glyc@;ﬁ@ﬂalﬁ%ectéiﬁeﬂ dnl ScHARr Y‘ﬂgb? Hioredih a}@gS(i%bf(# %{'&?g Fe

"y, are conpared t'0 a sing
Wanﬂr(é?ﬁﬁﬁeﬂlthhaols ephBiceg. SR(Br 642248. Moleomdstusedam thE own

dd|t| Figure 3 is a contour
lnvemé¢%g%8e usi Vﬁgeeﬁlﬁﬁﬁ(d%ﬁﬁm ]%' L BHRYaEn %@@?&?ﬁokﬁ‘@d
moxbebﬁithsﬁlg@vudﬂgdhh@ mol es of N- acet yl neuram nic acid
(NANA) per nole of TNFR Fc rinted in bold and boxed

neXigure 2caampatpsthe igh palt- glarmg dction affths exirpeltilaengioarnd
tumdr?ﬂ@&lgr@ig ﬁpj]%{:éptc?% f\l/lm?teCtQ tﬁr:?e tl%gfon ré]lrel én%agrm d@uch

is deREiHed$2 m@aﬁm 5,308 £760Mdh @ﬂhﬁl@n eRetemat caluhPNeheaf
cet l(gsa ne and sugars (fructose, gal actose,
lﬁ,gﬁ}fggg(g' Y BEtUARY EpVpBsEedTVidhthe indicated additives. All

samples, including that produced by a culture without additives (labeled “Control”),

are compared to a single batch of TNFR:Fc produced in a separate experiment by
cultures grown without medium additives.

Figure 3 is a contour plot made using the JMP computer software (described
below) showing the moles of N-acetylneuraminic acid (NANA) per mole of TNFR:Fc
(printed in bold and boxed next to each data point sampled in this experiinent and

labeled as part of each contour line) produced by cultured cells grown in media with
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5 DEFINITIONS An anti body, as used herein, is a

protein or conplex of proteins, each of which
w@ovpoises at | east one, or optionally at | easpPCT/ug2003/021733

vari abl e anti body i nmmunogl obulin domains. Antibodies
the imgljcatrel @inpgitatiohedfiN-andtymodinessmide aed sugakQfractosd ediae®se,
and % som3 hi gher order conpl ex of proteins including,

BAREY- 1inmited to, heterodineric antibodies and

tetrameric anti bodies. A constant anti body

i mmunogl obulin domain is an i munogl obulin domain

that is identi caDETA/EBIDESGRIPEIOY sinlar to a CL,

CH, CH2, CH3, or CH4,. . domai n of human or ani nal

origin. See e.g. Haseng 'ﬁn\{'}ml\@apr a, | munogl obul i ns:

15 Strugture and Function, in WlliamE. Paul, ed.,
FuriARibed > PGty is SeEQieia or eemples of prowns, 2adh of18

hi¢H 88D i H&]’Hg ' b, | east
v 110 a%glsﬁg\g ta%?%é)lﬁ ?’S%Iogngt %63%940‘!?@? ?@%ge{]aquegs 15, 20
imne&og®bplidBomdids. Batib&Gles Mby b8finglerchA antbodies, dithedk: i n

Jength. An FC portion of an antibody includes human or
antity ek, B i ST TR G i s GG P Boidimicd fo
hetekSEIBAE bR QMR hRrieWREbARL al |y sim lar to these.

For discussion, see Hasemann and Capra, supra, at
212 cargstamt agitihedp immaineglobulinstemain ieimimmencglghntinei n

dorliha S I0REED EBFRbREY Sefac ity Gl Ehacddny Rorh:

domaireoftfumditsrenihig dkiglne Jed ¢as HaddmAh Mldi A HahRMmbEBbSlins:
pol ysaccharide is _a chain of two or nore sugar
Struptygg nsbunctipr.an Wiliass #aPat edHamdementablnesunology, Second
: S . ion of.a
B P O B 3% b i oSt Ml Bl 10
aminy) yaidypinderedtin. oplibealtyeatrtesst 45 20 28130, 3590156 G0NAY, B0or 90
.enconpasses, a famly of sugars 30 containing 9 or nore
m%%?%@nj?m, i ncl uding a carboxyl group. A generic

st M&b&ti&{“ﬁ%ﬁﬁﬁioﬁgliﬁélhdéﬁgﬁ%n%%ﬁi%g%gﬁggl%ulin

sialic acid is shown bélow. -
dompigs (43200 $/:3201 7381unoERbRIN ¢bm@es subRbntidlyGImORito thest?2 For

disc&gs%%%%_e' Hasser?hann and Capra, supra, at 212-213.

A glycoprotein, as used herein, is a protein that has been modified by the
addition of one or more carbohydrates, including, especially, the addition of one or
more sugar residues.

An oligosaccharide or polysaccharide is a chain of two or more sugar
residues linked by covalent chemical bonds.

Sialylation, as used heérein, is the addition of a sialic aéid residue to a protein,
which may be a glycoprotein.

The term sialic acid, as used herein, encompasses a family of sugars
containing 9 or more carbon atoms, including a carboxyl group. A generic structure

encompassing all known natural forms of sialic acid is shown below.
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ORI OR3 10 H4 HH Rl groups at various positions on
a single nolecule can be the sane as or different

wo cnesieh ot her. R1 can be a hydrogen or an ap€r/ys2003/021733
| actyl, methyl, sulfate, 15 phosphate, anhydro, sialic
acid, fucose, glucose, or gal actose group. R2 can be
an N- acetyl, N-gl ycoI yl, am no, hydroxyl,
N- gl ycol yl - O acet yl &fh gI ycolyl -O-nethyl group. R3
represents.the pre E'sugar residue in an
ol i gosacchari deptophighgpialic acid is attached in
the context of a gllycoprotein. R3 can be gal actose

(connected at i ts—@—ORbr 5 position),
N-acetyl - gal act ose |(connected at its 6 position),
position), sialic gcid (connected at its 8 or 9
position), or_ 5-Mglycol\-neuraninic acid.
eds., 'Cold Har bor
(1999). More t[kan 40 for sialic acid have been
. f @RYycobi ol ogy, Ch. 15,
Varki et al., 'eds.\N4Col d3%pri ng Harbor Laboratory.
Press, New York (1999). A|25 comon formof sialic
a hydrogen at all positions and R2 is an N acetyl
Substantjallgésln1lar proteins are at | east
fronh Bac%rﬂtﬁ\éi‘ 4 GnH8Q o B af Bl 1 3aBtyP méth 1e ulfa
desi r abl manner the “bi ol ogl ca lyl Vit
or. t n
aceSLACERERE BYns PRaRT RbBeRh b T iR bR Dapetn
groxﬁ?l@&e@fds@rﬁs t}@rpréﬁéﬂﬁlg%hgﬁl&éﬁblhé/m Anhi2i 6 QIPRHd8 98 whith sialic

N-acetyl -glucose 2Q (connected at its 4 or 6
Essenti al s of i ol ogy, Varki et al.,
L? rlé?)ﬁy Press, New York
0
found in natu EY%dnt i a
-acid is Nacetyl negram ni g acid (NANA), in which R is
R1 %r oup.
9> BPPrBvRPIsifions op asuelopolecule gambe ehmsa{ns 2 aeﬁlf%fqmér
phosphates emhéfdrcp slie peid, filhesep gluceset of gtéatdtoﬂe)grmfp tRzQaca’iﬂ)e an N-
ne by conmparing sequence information using a

aciddy aaphed inpthe gerisxt ok Sycoppiteiny Rdmaep be grlaptosycanndeted at its
d
5 4 SRR S8 AT 1o BLRUGEE  1RL3R00 ko

(conhPeted nieitsdt et 6 pbsitiqrd X4, achJ(Honn@‘étddCtﬁ itR8%r 9bdsitid]Y, br
The preferred -5 V\D 2004/ 008100 PCT/ US2003/021733
S-Neglycs ltn%%ﬂlﬁta@rds p5puRlp el Ghygpbiofreygthm 3 Verkigéal. (eﬂy

Cold BrifEHPuivpt 28TALA bR, Mleayolt13000)° MIBBESOM (BBAS b

contai ning a val entI'ties
Slallp deidthiavé besn foand muratte&tEsﬂemalmfd}lebwiegg h]:hads ami no

i d k
Varfi 3 B R Rl S SBhobe Cobpneter e NSk (R g
combviash af 5aH@ﬁh@ﬁsW@Eétyln@Q§nnmé\tal:ﬁS(N9fNEP by @ﬁf?:h'l@lels a

Sequence and Structure, National Bionedical Research
hyduegeiatelli owitiopp anB2 igmENtaretybyroupr ot her conpar abl e

o e RS Sorcind B S10SR Yorlionl iastAb e ach
idengeql t6 eachanherdn aLind ReDsEZ0ERS, and inPaEial dr ¥it€@fin 2Qeki@dble

eac g.? and an additional penalty
manner the biological activity of the unaltered protein. The percent identity of two

amino acid or two nucleic acid sequences can be determined by visual inspection and
mathematical calculation, or more preferably, the comparison is done by comparing
sequence information using a computer program. An exemplary computer program is
the Genetics Computer Group (GCG; Madison, WI) Wisconsin package version 10.0
program, 'GAP' (Devereux et al. (1984), Nucl. Acids Res. 12: 387). The preferred

_5.
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of 3 for each synbol in each gap for nucl eotide
sequences; (3) no penalty for end 10 gaps; and (4) no

woreoosiespenal ty for | ong gaps. The regi ons of P€TTES1008021733

proteins that are aligned by GAP for conparison are
defaflt paeansterd Gorathe AR Qirdgralmingudal) DGy iadplerh@astiondda
40, 60,.80, 100, 150, 200, 250, .or 300 am no acids
Unap PSR AR GPAARING & ¥alun gt | FREddensikies mmatd {5 "ORe ar t

lderﬁfue§>%y ﬁﬁhq@otfaemﬂa kl%eowel ARRdahity ?c?d isoh %a%h sl

in the art wll Trecogni e that t meters chosen
Grﬂwnv ahd Bctgessh(é%@t; Nanlt Avcidls Res. iy G4, als&lemrlljeddxy Schwamz e

ndJfavbattesS: A Gor ueir e deaanee 12 St BGrob Bimedica
ResQ&BHFBundaﬁéﬁ ﬁp33531953 p@@b) @k oﬁl‘ép&hﬁ‘ﬂirhtﬁé EUmgéﬁgoh%atﬁ&s

or a VH domai n of “human or ani nal orli
) waenaéiwwé 3@ feri coolel gap mﬂn@ldmnal pcrxabyraf h forsagh syrebaltin ¢8ch

g 30 g8 Sedncas Bpan IR S et o amipagitnel epety
of 320r t£AGYMbolREI6EN £iP @'nuaib&lcﬁ(i@q&dn@éb of) noatenalny b 3h €S

to proteins (herein termed the &ycosyl ation of
£2p%5 38l -0 mgHmupheengliy e ors gansy dbe sedions affthe tyexsproteins that

are 912%*%? W@@f‘ for c8 aﬁ‘;cf st af fé?stglelggh ac13551|(_)§%,i% tllogz%liglaa[t_ ’

ctional 1es O otel n.
leasiv@0,et 6@ r80CENQ, IBD 01009250 oﬁhﬂ(p)hmino]azlds\lhﬁl’rg._@lheﬁpmgrani‘dew

8 ﬁ@% 01912% o ex t he hemaggl utinin precursor
used et i R 6 S ORPARTOn e alsodsatel. Gne of skl
in thelpt @ﬁp%%g‘i‘uze‘?tﬁatacﬂé bR Rleters cHolaéﬂ can'Hrebd tﬁé rc%ﬁﬁeﬂtﬁg and

producti on of an ol fgosaccharide precursor necessar
willfdgrso mpreise kigbie gﬂqsacmxylamdlssmn(lahescrl bed below). Id. In

dd t d.f 30.fib t
ech pdis apRPR KRG R0 Bl Bl Spmaty s an b o gElehulit dypein
thatﬁ@ﬁleﬂﬂuyal bmibstaﬂdlaawryﬁlalt ®th Vi & p9g gbinam quﬁm% Rlanhal

supra. Most secreted proteins and cell surface
origy. o@éramble; aHibary namumeal@bul@h@om@anmﬁwt 5 amistoeicists in n

I C earonprot ein
lenggl‘rfl,gj'pglk)fs?%}y, %HQ%E??}?Z&C%%%HL%SZ Fﬂs)hS(g{ge a’{&]%b of Op -Amino act sin
lengissenti al s of G ycobiol ogy, Ch. 13, -6 V\D 2004/ 008100
PCT/ US2003/ 021733 Varki et al., eds., Cold Spring
Har bor Laboratory Press, New York (1999) - A set of
enzymes capabl e of gl ysRsA P proteins is |ocated
within the endoplasmc reticulumand the Gol gi,
or Jawelfligien vhetrbelacirater motins €hdreinuedmdahpglytesyheion of

o5 P SR B G 5 e e P,

stabflity, Rl Fedttion £ pEypEREesCHRARbRIO L R¥BCH bi. rlﬁoﬁ‘:'cﬁl'af &Ell Biology,
functions renai ns uncertain. Essentials of

Chapfey & b\ &gg,em@w NemYonka(rZQOO)etFoaiexamré@éhe h@oagghgpnm ng
prec'ﬁ@o? oté‘{f?lf s % ?:?n the Cp\fvfr;%flcekot(tlﬁr&ga?r}x}mg,ba[n anﬂglotlc

ycosy
that mtemfﬁss Wlth the productmn of an oligosaccharide precursor necessary for

N-linked glycosylation (described below). Id. In addition, a nonglycosylated form
fibronectin is secreted normally by fibroblasts, but is degraded more rapidly than
glycosylated fibronectin. Lodish et al., supra.

Most secreted proteins and cell surface proteins contain at least one
carbohydrate chain; in addition, numerous cytoplasmic and nuclear proteins are also

glycosylated. Lodish et al., supra; Essentials of Glycobiology, Ch. 13,
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car bohydrate nodifications of proteins can be roughly
divided into two classes, 10 Olinked glycosyl ation
wa@na4mbdipnked gl ycosyl ati on. Both of these i nvedT/ES1008021733
addi tion of oligosaccharides to specific am no acids
Varki ¢tral.neds.,[Cadd Spring Battion K aborapoy Peas MNew Yods(1908). | A skad
to a h oxy r u usual ly to the hy roxyl group of
CNZYIEH EF agf%%rghﬁgﬁ tg Rigfeds F%a?eéé*fl%% CENYPRIETRS ar e
retiEhmamd exk G&g?‘b?ﬁdﬁeﬁ@sr thitseefatd atnh cBR BluPSee angl‘é Pasnd

the criteria for determ ning which serine
thrquigh @b iheiepatinvid 1lhe tell pengirgreosyl ey eat!. HEhed detifidatiom of nbdlgar

andfy SRR er Rt FRBDIS R oo B SR Tinis unis Wrasain

"EssOitiaS \eG1yESbIEECh. B Vhrki 81 &, ds! eeolers%n!ag F2RGor I%8bbekory

the terminal residue Is a sialic acid. In contrast,
PYCNNPWK%@deb?%aCCharl des are attached to the anmide

nit |ne asparagi nes that are
par%‘ ; %h%mtglﬁ ﬁiéé%}/rl Pabta Fa I%{%’hﬂ]élpcaelg CATYIFEY
carl&ﬁ@éfa&gmti&lﬁaﬁl@ﬁs € prdi€in® Cardsad@di pldlly [Aerided MEEERY ¢18sses,
amno acid except_proline), are

1@@’”@ é‘tygow 5108 gyé Dslinkad glrcosylgtion.i Bath of thase invokya thek ed
I f I
oAb AR R e b AU Ve 8 prdiefi B
polyslaccehendgd are iskgd mlarie'dm]«yg gsmp, mrl]ndlly wlothe hydrox%d groglp of
N- acet samne esi s. This oligpsaccharide is
cither g %Wé‘? SF EQUBGTSI S QOEBF@% a5 AT LI9I& emtopias apd
thre®hBR SesidRSalld thB GritefialfbeadiGHRYiaL wHeh *RdeaHH ﬁ]ﬁe‘&ﬁm@g will

vari ous sugar residues. In the end product,
be glygosylgted heessnethsen full yedudiddsedinOfelydfans hwaﬂwcymusmaua ate

two FnchEs tloniehisP BonRi R TonRyBeRpbindre Yogapieyled Waicn
are MddRAORE Sy oVar Riteftthatermirfll Rfsiiue B £MbB ScidOTKedidSst,
el uci dated a net of bi osynthetic pathways |eading to
N-lipked pdgsageharidpoare gftached|tp theamide pirogempbimaspagggine. Only
Corf ield
e HELAE Ao U SRS, SURE By G
X—sd:nineair\aephra?gma/-Xr-thM1nes(t\x&@ﬂ£X Ilmart}hﬁmay atidesicspt Prolfieare

acid and its at ment to |.ycoproteins, includin
taf’é%‘iﬁé%@?f%%ﬁﬂ% ;ﬁe‘é gStepig Bﬁléedo glycpsylgtign inyqlyes the”
addﬂl%h%@ﬁ‘%ﬁpleﬁuﬁﬂe%%é’@%raﬁklﬁéﬂ élg%ﬁé: cha o%stm%‘@fjthf’ee

host of enzynes needed to catal yze t nuner o
gludes® gynet thasmose, smeé (g o N—%%@O@%ﬁﬁﬂ)&bﬁlﬂues This ohgosacchande

US200 21733 of the
s TR PR L PR ik R i 1Pt PESighe sy ftine o b
and aliditish bAVEBUb Wee R ésidues] Th thBiefid PRIAET (HRAEMBYIS VB! &
negati ve feedback inhibition is known to occur

eacly '?,F@P‘f}e%f the pelysagchariderpaxbee Rukis novgapy arsialiqecigthd Wang
Lodﬁﬁ%@[ﬂa)% AN Qﬁ§ & (iIl l{ag}gﬁrtohpgneatgg v% b%ﬂucﬁ!s \éarilqnet a%

acet’y nno m he 1o rumresu
suprancr eased si al yl at| on of a prote| n produced by the
cultured cells. commercial utility of

N- A’é%\tlw%whéeaﬁ%uﬁl@axeé st %mpwlthqnmp@@avaa@ Iqaglipl to the
addiBdR 8P Siftic &8 1o hB&IES ﬁ§ ﬁlugﬁ'%xtEdjfneﬁ E{'Eq' ety g‘?‘% WanB! 885 4;

medi um additives wth si'mlar or tter ect
Corfield and Schauer, supra. A large variety of molecules are involved at various

stages in the synthesis of sialic acid and its attachment to glycoproteins, including
sugars such as glucose, mannose, fructose, and galactose, nucleotides such as ATP

and CTP, and a host of enzymes needed to catalyze the numerous biosynthetic steps
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, N-agé Hh&%ﬁsaém&' 'aﬁd‘ga)?}flé{ﬁ?é. UR { RlnBPY H adilt?l

are needed. Accordingly, the invention provides a
nmet hod for increasing the sialylation of 10 a
w@bopgopsiod ei n produced by a cell culture that PORP$1088621733

adding to the cell culture N-acetyl mannosam ne and
invgbred,ad name jusn adew of tHeaunenhsdhstediles ihhelved VBigtietnalso
... provides a nethod for incr easLng the the sialylation
ilugales GHOROGHT d BHI% 05 BENBY Y hee negtive deadPeglginhibition is
kndv@RM8rdeSi 8ol fitdsivith &%v}rﬁeaﬂsg. m?&\;@r,c@{mﬁd Wdél% (supra)
N-acetyl mmnnosam ne, gal actose, fructose, an
haveaepnsicd thadthecaddaionvefl y-acet iy laaphesaimone warltoee madinmasadts in

. b 5.cul turi the cells jn di u isin
inciste isfdafihof e S e PP gei. Gfcugever, the
cornaeRl wim?rw 08 AFBH {1 BraANEaHind R BRRSRLy Ritsd by lts é{@ht&? bind
enbodi menf, the 1nvention enconpasses an 1 nprovenent
theggforg cwitiirh gendibengrodheringeglivm pdditiessrwitle simglaic o1 bejter effects
me%g%karing manmal i an cells that express the protein at
a ‘tenperature below 37C, optionally from about 29C to
aboptcosdifizl9t theriovenabn %fov?&@ atrBetROPESr intbasingdfe SialyldtidMof
about 30C to about 33 in a nmedi um conpri si ng

a gljcoprelelp Rradrs s diriatell cultiresheicRmprisespsding tolike celaitieon

An ﬁlel iﬁ\écntion
onprising N acefyl mannosam ne,” gal act osé, an
proees amathiod fomins@afing dieathe sialyittion of aaiyvopsoteil peoduced by a

concentrat.ion o:iml\l- ac:i yl mannosam ne can be at | east.
cell GHUHE OmPrisine| GUHBIAR °] fﬂw medpin eopapsing N-acgtdmanigsyming,
galdfse ArudtGRS in PRk 08, m&nﬁﬁvélﬁas?&l{%ﬁ%%@ e i%cxré%ed

| east about 5 mM at |east abou or at leas
cultybiog thezellsiv a mediun ¢renprisiggel actse and Gfuctpat and, optomdly,

a2t SRR A D AU GrRRe s I SRRl og et B

invéRiolencorbpd¥hds ahiprSRRRANST Anb@BBE & profWsA DS Broddis
mannose, when present, can be the sane as or different

comprisiagioiyanpmagnaHiagcRlly thakekprase i mpteipatademperaturibelow

o 0, ' i o f.ru
37°C SR TRIROSAI, 36 .C B ibo aeRS ik B30 Clo HHELRES
or foph blenaBOSC for sbouaBIQ, iR a mddiuen edraptisidg NMoeathantsarhinem
about 2.5 mM to about 3.5 mM each. Alternatively, the
In SperAsPER BF SN Breeiflos arcultwe dnasdim &pr mammalidpells
Com N ATl o e e o M SRS S5 s goor

opti onall

- marPO¥¢. UBRCOBLORMAT®B of N-aretiyhnesangrvian de aFleasttabos,

t d,. h t t
0.8 R St Rl s T T B o S e e
aboBE4 thM, QP ldastidoly/5 fiMIMtahietibod: Po AINILaRGR 1dast BBELE0 AN AlYA
each, from about 1.0 nM each to about 10 mM each, or

the eensgnteationtof galastosaedmn hoofrersgbeuts mM waableut Fmdi ensienally
%?1?[' S R he ,s or
fmng iat)(?’gtrze n t((:) %ﬁg% nf § aé ?’i ogﬁgo_%{‘ A E::) g’tsyl{]jmaT< tg)nr%’g ggn% % gﬁéaﬁﬁ% e
congn@tinis dftfnetase naé anadiepWhed prtenl,&aa tbe AO4HimeasBr different
mllinpla gmvp gptionally at | east )

from those of each other’and those of galactose and N-acetylmannosamine. The
concentrations of fructose and mannose can be from about 1 mM to about 5 mM each,
optionally from about 2 mM to about 4 mM each, or from about 2.5 mM to about
3.5 mM each.

Alternatively, the invention provides a culture medium for mammalian cells

comprising fructose and galactose and, optionally, also mannose and/or
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about 2 mMM at | east about 3 mMM at | east about 4 niV
at |east about 5 MM at |east about 10 nM or at

wo e@sposbout 20 nmM Further, the invention encoPQEESHS3/621733

cul ture nmediumfor manmmalian cells 10 conpri sing
N-aéetyiatansesangad. aFrasese, gaiat;tosemﬂdcmaiﬂoye caregaoh be presdstit @ah

can he presenpt at ntratio om about
congEhiTAiens 5078 @powd: 0§ ?qtéﬂmwapmﬂtlaa@m frore aBout
0.5 VI @%ﬁo%ﬁoﬂw&c%&ﬁ%ﬂo%ﬁff@mQthttoJa L rﬁlg!ﬁ& lg,cbr

about 10 nM each roma 1m\/leac to a
fronorib @i d Mieagh t@ slqut §ahMetds e Frahebengatadese, aminmarinese can
resent, at the ne or different_concentratians. 5 I n
be RGN L7 s tame RSB OPETRIBRORT ey RAMRBRRTER Can
preseht dt 4TcoREenfRHTBR bf AestEhbont 0 SQRAMirSIaP emBT) OWtidHallyat least
culture a mammal i an cell that has been genetically

aboeirginivb et Edst aboup? oddcas leestabotied mMurad leedtaboyt § oMine least

abo'gtéltoit]g‘&glor %gﬁttégg&%&]@?e and?glr a(r:r;(r)l?lgsean?n anot her

as [Faether, tﬁbﬁnvmmtdne&nﬁis%éladﬁftuﬁa mB&ELAHEr iafmnedHah YEllsNg
a mamual i an cell that has been genetically engi neered

compgisipg picksecsalaciose oands pptionakly. mearings. engr Gasibegresent at
|
conf RGN A5AAB0RT) [ 0 IR B oA gl

0.5 ind Bachtto abhedt@0nm@M evch ifrém mbaa i) mMb tachao tabsutdOanMi eagh, or
rotei n.. The n can_be expressed under t he

frons el 2 & i VAP BRSIE, Gciseamiapngse can

bep?éééﬁ%% OWer ieréEMOonn@aRSKY, Oor a siman virus 40

(SV40) pronoter) or an inducible promoter 25 (e.g. a
metlabheadpeotn theenpmm@ntpecmdns aanetbod ﬁurycultumng mempmhm wdls

conBlif TP g% 188 2 SRy A HappPaionsgl) (BT oG 28G5y Pneerea

to prodéc@biofein bh@ a@dihb tHde Sulgt N2adetylRahNos@hRice §8ladtbR, and,
protein or expresses the protein only at very | ow’

optlp@aﬁéu alsq fryciope anddeianarnoss. lgenethice aspaeh ﬁ@envqngpn pmvides a

e t.i,de of
metfPHo L SRR KOPBACIA Bleh Bortic PR RERY SIS
prodveas prdék&in 1ﬁ@,mét5um3:6mpﬁ§ng Mace@ﬂréaaﬁlﬂ)smlﬁ&e @ﬁ,te@%ratﬁ&o

125 150, 175, or 200 amno acids in_]en T
belo 3476+ Hanpkind GF 8@%?1%@5%%62?&0%6%3 bthaﬂ% ibsebf t he
tranéfﬂﬁﬁ&f WhRA aQ@an@rﬁnﬁﬁQé&Bﬁ&c@%ﬁé% oted! eTHEeﬂrBf%ﬂ?caﬂﬁBg
nmedi a of the invention can be used to increase the
exprsbsgtl yhderi thercorgfol Jotiststraltgmtal arwncpimo(te@ pitheandyt@negalovirus

(nBRlsibitet b s basB0d bl P akeh Br B aRP ST no

(e.gCoMbaNbthdnife Siloh@d o %Q&ﬁkfé]me&t@ﬁgn@ﬁ? R{m&é‘ladmie%né)@d in,
epti des at are encoded

viral ronmoter, and/or
for wlmﬁ&w@mmmaw% me th pead. Sei 8?»a5r5t47t561)l eader
Typﬁ: ﬁﬁg@é %%E%@ég%o?ﬁat&fgllg%ﬁ%g 8 tﬁé( fo‘?esiﬁ '09 gxpsr %‘ésot%xa prol)%em only

S are

at vdrsmcav hevelsqivadhe Apgdnce af g@euc\/ﬂg@ﬂéeaﬁg}ag and in 5 McMahan
et al (1991), EMBO J. 10: 2821, which describes the

D@ﬂ@te\}’é& gg:lnerally understood to be a polypeptide of at least 10 amino
acids in length, optionally, at least 15, 20, 25, 30, 35, 40, 50, 60, 70, 80, 90, 100, 125,

150, 175, or 200 amino acids in length. The proteins produced using the methods and

media of the invention can be secreted proteins.
The methods and media of the invention can be used to increase the sialylation

of just about any protein, and is particularly advantageous for polypeptides whose
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General ly, the nethods of the invention are useful for

i nduci ng the production of reconbi nant pol ypepti des.
woe@ime0s180 t hat can be produced with the net hodBCEHOS003/021733

medi a of the invention include those conprising am no
expmsmdn mquien thes:ontielmrflacsabng promiioters st 3101 edanples laWifaBr

13 Jféone of the foll ow ng proteins:
progapics, s Npsntdes Wi sdrembedei R apruagoBubhae snadensyiva
tripArti€PIREder R rSte®. CEkQﬁﬂed &F dderu’at nﬁ9§31 rN/:écto@s i8¢ Tanﬁ%%)used to

erythropoi etin, thronbopoieti tonin,
produce Pproteian gieotisdlesterd in Elte(ramambépphwmhw O mmpsa end m et

veflapat o o, (oo E ARG TERIF, VR om0 8o

act@atriAly, tHe méhodsd¥RRe BvédoNke u&‘ful%ﬁﬁlﬂhaﬁ?tﬂe rdfction
01/ 36637) tunor necrosis factor (TNF)

of regesptieasit 901yn@|mdeﬁgPtqtegmtdiat(caRAzeme@@ed e»stdarthebmdthuods £

d
meld BEE bR e RERafERG S 470 GRETh blepricat o o
submfaﬂlyhﬁgﬂarﬁs laliy pait bf@ﬂe%ﬂtﬂ@fcﬂl@ﬁh@ %&%mltﬁﬁ and (as
scribed in Australian Patent 88819) cell
desiﬂ gy WQ SHF339 bk a D01 ligapd &md@sqrﬁ@d@m USdRsisnti bed i n

dyherein b
No. B087.40) thEbbicht, Srctiibostiin, LOGRIRE IS P ooyt
angigpoistih-2f @s descnbaia@;a)«iars;anp1errg eoalt {1997y Sdevied DPN(E3D2):55-60,

e SR e R ARR VRS bl vator of
NE-Raspal I i ANKT ., A9 H8RABed MW@”éﬁBGH??i) | bk ASki S actor 1 (TNE)-

interferons, y interferon,. and consensus Inter ons
rela(eéaphpta@SﬂM@mgdmd (TRATL, s OescRiled it Wi®87/0263B95hpRR:
h of at ed he ein

suofiitcly & ihleiop Rl Sl sBon iR Bl e ooyt

maci@hagé E@lpﬂy stidBlafife fabfor (@W@BFOiSMﬁbeldl il AulfrAla8i Fagent
neur ot r ophi n- 3, ﬁ uca interl eukins 1

No. %ﬁ?%l?@ﬁn&% celd gravih Ftomaipraice @rw%tfmtgr (described in e.g. US
F Kk

racf OB, b MBI BRI UET

keratioocyse gfovﬁh fdcacre mega'klaﬁmtd gowith Knc&ﬂ@el@ﬁqe(ns fictor BANTES,

| i gqands for gh rel ated ki nases or LERK
gto R oMuligs iRl HOEPpiE, ARN- %gv@@fﬂpfa@m@@arathyrmd

horrﬁ@ﬂéo iR ob Link RV BREeYhs W%%Ig%éd ggnsk% sufs %’t@ﬁleljgﬂs

for exanple, Human Cytoki nes aS| C an
(suclyiap those Hescrbedar 08 Pate’nll Nod. H,60A¢fG3 rand K, 891 di7 Gbbthesfiverich are
G .owm h

Sci enc
incoBitsPhB By PPN ST pRR ki T ogHae
factéax§ nare 313 113
e, Gyt ok he. HaRbook. (A W - 10 WOLE004) BOST0q s
1 thlfﬁeglll taryoinraging fagags s ymphetpxin- Mad@ﬁn@crmi@@stor SEND),
i.neo
ity SponcBdairl, M ST REYOR P eifres o

mol s Rl and Hely (duck agmie igdsdsaotlepte el @e@kinkieg or LER&H)I on

i ncl ude_proteins conprising all or part of the am no
DescrlHpns 65 MO Bt GingL PIRIBbHCcPERnG Ry hemvepive methods may

be fGHRME OB Qidrﬂﬁl@ HRLAH €{BRimed HAILEICR: Hasit And Bl

r ecept or of
Research, Vol. I (Aggarwal and Gutterman, eds. Blackwell Sciences, Cambridge,

MA, 1998); Growth Factors: A Practical Approach (McKay and Leigh, eds., Oxford
University Press Inc., New York, 1993); and The Cytokine Handbook (A.W.
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any of the above-nentioned proteins, and/or or

proteins substantially simlar to such receptors or
w@nitages1det s. These receptors and antagoni sts PODUSINE3/021733

both fornms of tunor necrosis factor receptor (TNFR,
Tharepseny @l, AcademipPisssBdn Pidgo, €\, dOST) idilesd whichUe ilReiihted
h No. 5,%95, 760 and US Patent No. 5,610,279),
er¢IR DY PIEIRACH- 1 (1L-1) receptors 10 (types | and I1;

desgy ' t :

4. oan RpproGngtal Ak prbuce viae JRORs R Redie e
inventioni incdudgprotdiectongrising dyorpafterfencahinolakidlsequance pf or

art1t oni Stfsth%sﬁ(:h as thoge descri bed in US Patent No.
TECRIAIPT B%0T the ARREHBYEIRG] REYENS 4By AgPRISHASBYh a Fqcentor of
anyﬂiﬂtl@@%v%hﬁerﬁfonéd‘gﬂo@iﬁﬁ bRd/6S oﬁ:%s%ﬁ@ﬁ@ntiaﬁ%%ﬁﬁﬂ;ﬁ%@ stich

US Patent Nos. 5,981, 713, 6,096, 728, and 5, 075, 222,
recefitors of anfiagetistar Ehess r¢agpiprpardansaponistssinplude: 76xh 6Ga)s, dfy

f I L-2 r or 11-4 recepto S oo
tordgE 0B BHE By sk RSP NsTerer s 855 SEA vt Bbveaed gV
Patént3&h 5596)760lahd US P& NG 155610,270), Idtefloaent QJI&I? teeeptbirs

receptors, granul ocyte-macrophage colony stinulatin

(tymead oo I AlscBirain ERP et Nt 4008460 i3 teniioad 65,607, and
US FP%& PNQFE.‘?G‘EIE)%{, ’allﬁ)?%&thoa[ré idB oq&gaﬁ&@gquﬂg{%%ﬁg?, L1

ukema I n |tory actor, r ceptor a
recdyfforkempazaniBis( RATKs tikes desdribdd AOUSTPawRt b, 8883372nd US

. Patent, No.. 6,271, 349) st eopr.ot egeri n (described in
inogPoySiEd ReToip By SFFIRED)! B SRS ORGH Bk eRgh Byihose
desé@eiR mfseﬁ»alteﬁtg@&gﬁpg ﬁ,gi%ﬁ,@a%%é& Ghd'§ 09610819 a11 BRAHich are

_ receptors 1, 2, 3, : Feceptors that comprise
incefpanateddsmin 3s/67 Hadrbyassferfiacs) dL-Npoeptoss, B4 nebapiong(as

ool RS R AN LB B LA R 3R 9B Y5 S,

IL-1NecesstorspIIOl 8 kdtSptoRBrah flod geahicrOphaBa tblofy stifiladf} NRtor
aci d sequences of differentiation antigens (referred
recqpéPra gragopytscelony ptimplating factor rgeapiiy, weemiers e gnsostatin-M

e o] L ¢ o .
and RS b ok Sl e U DBE PR 830 BHSIC s
in Wer(}iﬁﬁﬁw rage USfPaIt;ém Nd. 6271 13219), r@@ﬂebpmwlgeﬂb (dgs&rmaaig d.g.
nference, . Kishinoto, Kikutani et al., eds., Kobe,
US i Nor 665 95k s raoraied By sokeise) sncepists far SRS dmeluing
b t : [
TR 57 R PP em SR B PeouffR By s such as
Fastoh éypepiosisdpdrcing Beaegtor CBM). 1 i gand, etc.). Several of

the ,CD anti are nenbers of the TNF, recept.or

£ avipT? e iR c8h e RRGGCo et el bt HRgfof the
invéritiganstdudy otéﬁﬂs%@n%ﬁﬁf‘ﬁ rafl R fpait 0@ thbNmiha Akil ¥equRBca &

41BB -11 2004/ 008100 PCT/US2003/021733 Iigand and

diffesgnidationgpatigensieaiencedt tlogis\CD piottins)or dieir igandner prateitsNFR

i e h _
suob AT 3% BEoP SAUESgH5] 8 6Bl AiRkpue
Typlingy¥h (rocedalireds P e/ I Mtkin@tbnas WigkiHdp andebohfdscand

. jvedia of the invention. Exanples include proteins
KlS@g}Pﬁ?q@M@Wﬂ-ﬁdSp &robe. Bpgr. 1§R0)- otimilie CPaIrpisiis e
disdPdsel &t ts%ﬁuehb@bﬂcsﬂdp@?@ﬁmﬁfes df BEA! £tiBSnsTHASESEDR3! Epo7,

simlar
CD30, CD39, CD40, and ligands thereto (CD27 ligand, CD30 ligand, etc.). Several
of the CD antigens are members of the TNF receptor family, which also includes

41BB and OX40. The ligands are often members of the TNF family, as are 41BB
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one of these: netall oproteinase-disintegrin famly
menbers, various kinases, glucocerebrosidase,
waapenestdde di smut ase, tissue plasm nogen act i REr/082003/021733
Factor VII1, Factor IX, apolipoprotein E,
ligead@ahd G4 0ligeind. Actordiyighyy inmesnbeasof the INFdnalglINIFR families can

ha-1 antit sin, .TNF-.al pha Converting Enzyne,
alsc%g%’i‘?ggchd'l‘smgﬁég STHEEBOYR- menti oned 10 enzymes,
andg RHIPy R4NE hrRGRY HFﬁleﬁ"'I‘%a_ &&dah alsbg)fég)g&kucér@ ﬁsigg the

met hods and nedi a”of the invention can a e used to
mefhpdyiarsbmedin pkthednveption.e Enamples inclusld proteins tomptising akh dr part

of o R8st metion BT oo B D ineo bR o
one\WP thkkE 8 Al oprtfei¥de- A2 1@ Srf B Pardil mB b ROGHR%s Rinases,
i .e.

portions thereof and chineric antibodies,
gluegeerehsesidase, Saparaxidn dismuase, tisswesplasminagen dntiargtor, Factor VIII,

i i dopnmi le .one nopre .nurjne
rac TSR RO RSREUBLEE el 430 R rtE
antitdypsie ST INFalpha asilvertin &nkzyme Sli giinti&for Rh P bEIHB Sbovidifentioned

nmet hod .of the invention naafalso be used to produce

enzyHRs. 14 nEmergspthes prrymes aad thepdigindhd a cytot oxic or
| um . ! L
st OG0 S 0N e

" professcshleated an 2iro3o dptd tpacpecifit targdterattimand modifydisnetivity

such GO RRE deshRbGG T et LTl AT sE Y Bt AR and Y8 °°
00/2/782 2nd Sntibadies b1 RGO BherebPAId ithbMOadibBERE NS, gufﬁ%aies

as bouganin, gelonin, or saporin-S6). Exanples o
havingthugesai cosstantrantibedyoingretmaglehglio Wiomaiscoppled & ors, oranore

MR oA iabul oldoma .
ey AL s E b B R R SR E e
similnepromiant TIRNmEREd bfithelihamboh Aaly RIRIREL R HOJu@Ne OF

a conbi nation of proteins including, but not limted
conjygatey RYMBFising an AHHPEAY ad o icyiotarip polualiRpsCent grlstanche Such

subgt@ios® Wellds® My e g gl Dy eyl (S0 2
StaftDB o BT eiterot GBBB iddiTe Rptop@IEddh as iblink-a25); kechfetivrh - 2,
1L-3 IL-7. IL-4 IL-5 1L-8, IL.-10, IL-2. receptor,
isotppes {sycbids giom) sbyapeg HAURIBE (et BT EEeH G Appsoms-
inadtiRaRRS Potet Nt & boB R eﬁﬂﬁn,%?ﬁ%;gﬂﬁﬁééégsgﬁg%gleg%yd‘

as those described in USPatent and
antiodiag /77 9ipp; seleptedre iz, pro@R, 2 AntitEy(c3totoxEEhT r ecept or

A i ng those described,in US Patent.No. .6,235, 883.
antlébél&?fu%g@roreec%)&u&a,es aé 8?’62@?@ B?eéﬁtswgftg%{rlg}l}ods and megla
of tisineenioatiegedd thosd iatdcognit 2K foRE @R 2 9eMBRatiGh of proteins

. lynphocyte stinulator (BlyS, also known as BAFF,
incl out not hmipgd topany efgha abovearenismed prasiny asl/orthe | - 1

o, €07, 070y 0 0100 RPN OBy
CD13) @25 a1033e6DAR1CH44 tCIDE2, GIDE0 @Bh1)MODB6 (BEW,aCDi45EN,
T N A T N S T
E'Gafﬁ?%%‘ﬁiﬁﬁg irrrgcﬁeﬁfé)r,gﬂl_yf@ﬁ(:&k&i S, %%GPI-B @nPliatogs thereof
(such as those described in US Patent Nos. 5,272,064 and 5,149,792),, VEGF, TGF,
TGF-B2, TGF-B1, EGF receptor (including those described in US Patent

No. 6,235,883 B1) VEGF receptor, hepatoéyte growth factor, osteoprotegerin ligand,

interferon gamma, B lymphocyte stimulator (BlyS, also known as BAFF, THANK,
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5 associ ated epitopes that are present in el evated
levels in the sera of patients with colon and/or
w@amaesdl c cancer, cancer-associ ated epit opesPOI/US2003/021733
protei ns expressed on breast, colon, squanous cell

TApE.ok taad eTNPénsze &t and, Chenrigiang 2008y, Gsitoliry Goanhdtacoe Res.
) mel ano glioma, .or bl ast oma c
13RS 0 B o Bl e A g e LA R R M
f 3 af I
P i, 5 M PR S 0
cangeihdER2, artlineeiseodidpd glycepioteire T AGH-72; ¢hd SKelhagigon, tumor-

nol ecul. E dntercellul.ar adhesi on | ecu] e-.
assCTRARABIOPST Bk P g R g TR P afegetts with olon
and®nRAGER/IcEdafc@Pcdncbr-hdsb@ated BpiEHpRS oFPORIRs dXPRMYedCdiPbRast,

parat hyroid hornone, rNAPc2 (which is an inhibitor of
colgmy sgwamows call . nresiaie, panetesty, lungsiand/or kidagy¢anoendsily end/or on

igen. - rotein ((AFP), .tunDr _ necrosis
el Tholts g PR LR, el S R HEELR
alphy4péte 0ythe i@s g Vaired, BDintep@ihy, TRATY. rdcepfoe€ &3, Gf and 4,

HLA- DR 10 beta, HLA-DR antigen, L-selectin, |IFNYy, )

RANEG S diggnds A0 e adiesiqumolseay ATk rstaeal e b adhesion
)3 | . L 5 - £

oSSR fECa o e Ao RE SRR

adhewid) the phitddielycvperitingp IHdilaatadiabenyosmthenoy giand paeatiayrbid

or pa f.a protei.n that i n.anti-idj i.C
hOY_EWP?’H@IN% ?Wﬁf%\_dﬁ _51% awtl?eet_?%f PEP@%%’!@%-U%P%_&@F%): b
cardiRGdntH Giic aRtiden! (@E@I)Yﬂhﬁa-%%ﬁr@t@ﬁl' (?@P?,%hﬂ? hecr84ls factor

anti body targeted to the tunor antigén gp72; an
(TNENt CBbay* erghitinsta evtiesoriariglympbieite-@D8riated aatigémodyy-1

agal pst |08 GD2; + or, ant i-hadi es . .
rec5 P DRI LR A gtk 2orR MER R Besmirporyamgitial
Vired, hihén ifienbdediticnay vahs GIING, hipadtid B vitiu® B Y) 20reprococcus

reconmbi_ nant fusion proteins conprising any of the
muight #ed figrbDeeeds prgisi ns or  substantial Iy similar

Pr Ol rﬂéthoEsoa{nd%é‘(;TP 'oﬁtheri QB BAMhsd HSLRD tPRIELD S or part

conprising one of the above-nentioned protelns plus B
of anprbteimthati iz ah anti-idiotypiaantibudhoessubstantiad yemilzi mpein, a
. cqQiled. coil, an Fc portion of an anti bod r a )
mclgawg@a%%ampgﬁ ayhprles 2t Ay antinogy t%éetsa infbe demeisintigen
Qh i -nf i i .
20733 BERGAR Badil (P Ediad 083,V BiltoRDag B i Eungthitld
GD22@gmtibgdes substaniisglletimapr to(th®83), Sci ence 262:

14041- O5:; r bur t . .(1994 ture 371: 80-.83;

o LiedBesn OB A edih gBine itgeRad ot Bl do Bloaicy
rec2iisi@hrtif@abn Protdisd et saDAG oF Wi abok€eRmbbhAaNfrofeis &N

proteins are proteins in which at |east a portion of
substpgrtrallysimitggyroteinss Feperample seqombieant fustoIGITOENSLONIDbISIE

. 5 . . . - . X O .
oS Ol 5 R o
zippent 4 dodldy chilsmdrd mordon efikdr @tidbllyloas salstaitiall g kindiNr Brotein,

whi ch_ i nfl udesi_ﬁam Eo aci d sequences substantially
candppiqdyred Bag 1 eodsang magha ofjthe gyentgn. Seggep. of *
Wog%gg?@ggd&o%joy-eﬁal. BRios NS MAce £5939983-1665; ISy RE Al §1993),
Science 262: 1401-05; Harbury et al. (1994), Nature 371:80-83;
Hakansson et al.(1999), Structure 7: 255-64,. Specifically included among such
recombinant fusion proteins are proteins in which at least a portion of TNFR or

RANK is fused to an Fc portion of an antibody (TNFR:Fc or RANK:Fc). TNFR:Fc
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in WD 01/36637. 5 Suitable cells for practicing the
present invention include any cell line that can

w@bkopgoesib@t e proteins, preferably a mammal i an B€l/US10051621733

that has been genetically engineered to express a

conpmﬁeaetiha Fcglottimugfrantdneéibodywiandd torancatraedlmiarblemagest TNFR,
c non-r econbi nant rot ej. ns referably, the
whiEh el a SroeTEs PYBS ALY Sl SO ds ol
lok 1L [ Ot 6B XRARIKE

L Fa e P P AR B30 T AR R
in WON1/3637. nyel oma (e. g NSO, NSI), or W38 cells may

be use i do | ines.that ce an ti bod

e Ple SR Ford it b P e DBt PG Ry Celbihe (hat dan
glytdsife ﬁ@feiﬂ’seﬁreféréﬁl'y tahRarAR QYA BN IR has BE g%n@tﬁ&ll?l SO

suitable for practicing the invention. Particularl
engﬁleéﬁé te eXpress d protein a@mghethft myvenliniotanzalse bei used jo pmé@be

nongSborhfan bro@ly btePuL Ind BT RO as B @ iep o

Numéroﬁi su1(abﬂa%ll linBk eRknd%n 12@%1‘2(146% exlsdpleNBRineSe mster
1988 J.Biol Chem 263:6352-6362; MKi nnon-et al.

oVt 6510 BPLnl ERQUSHIK s, BIDGHS 355 9T vwelon (gt NSO,
g 0 S0 AL

alscethe wkbd tq (12810, theiroentidiat Cell wadleri $ed frokd$he above-mentioned

such as DXB 11 or DG 44, is useful
Cenﬁé@é'i?es“ftﬁéeé‘?rfﬁr@ft&‘ﬂg BRERCEETLct abl e and  anplifiabl e
SrefRred el £ THO VB WaktH £ §liadi$ ﬁ%ﬁ%ﬂ@@t

proteln eXxpression in these cells (Kaufman
progipetinn ofreepmbinant B®teis 2.85689kingsy clatidig fachors, tinkamibodies

o] 47 JSTaB o OB, TefmB 85 Dlonl p BIORERS °"

26336362461362,y1\/1cﬁh|ﬁ20ﬁ%k b5 (B9d), TSIt dddihol[®: QB 131259 Wood et al.
expressed in them have 25 been extensi vel

(199} é’@ffémplzé%ﬁ SAULBEAL- Bedhydipfrigeserictse {RHFR) deficient
mut%he aanqi%( ERATE: d&zﬁ{;g@pﬁf AR, fA 8% R 7;.1{@1;6!4zzo>,

genci es. rese I nventi o
suchmsfﬁiﬂala or GU4ce |ulsefu]5bdwlhstelﬂhe&ﬁfﬁui@:ﬁeDI—l}R){eﬂﬂcthM@ld hat

te the production the protein of interest,
ampﬁm £E8H eI esFPn %Yﬁ‘iepbeiﬁgws(ivgfh eV el IBrAPIAM PERiE M Rression

in tlﬁ@@ @éllsc(ﬁa{lfrﬁéﬂ 6199@) ﬁfé@ﬁ lEHz§ﬁ6ﬁ11 b?‘t 59N 660N %Qﬁltloré,rt?ese

turing manmmal 1 an cells are we known in
cellS@l@ eesygto Rrgplate)rs adidrentroe suspenston eeiur@eindsxhibitvihtiadly -

Tech 69-8 ey-.Liss (1987 T
soof g BR SRS "t B RGP A AT P RPTEES PP dve
bee Ettbiavel\ehdracteitz AR QBRI been APSldvas fordide ﬁpclﬁﬁéaqi Sommercial

salts, sugars, vitamns, hornones, growh factors,

margiigcppg byeerIgiosy pgaicies] i pi ds, trace el enents and t he

g RO S SO SRS, B b RSl
conditienssthixd prechoss thi peiiunayn &f the peiein e irterestswhizheabe bl
antigg{;'eql ndi vi dual i zed, nedi a fornmul at i ons t hat have been

r@ﬁ@ﬁom@nﬁ%t)arﬂ‘?’é‘e Baspl ce}j ICBWt“ﬁ medium formulations for

culturing mammalian cells are well known in the art. See e.g. Freshney, Culture of
Animal Cells: A Manual of Basic Technique, p. 69-84, Wiley-Liss (1987). To these
basal culture medium formulations the skilled artisan will add components such as
amino acids, salts, sugars, vitamins, hormones, growth factors, buffers, antibiotics,

lipids, trace elements and the like, depending on the requirements of the host cells to

-14-



10

15

20

25

30

cell viability, and/or reconbi nant protein production
in a particular cultured cell. The nethods according

WO eootlasieur rent i nvention may be used in conbi PEX/US003/021733

with 5 coomercially available cell culture nmedia or
be cnittifeda llhelskﬂredlartwaﬂ niaydisorchbostt toas ofieefithe ifady vi dual |y

indiy iRt Hesin G o ihak iy rhsen oY cned re aiigh aplbgrowth,
cell Q/‘iﬁlﬁ&nand%ij &@&hﬁn&ﬁwg;gi???llﬁ égé)défaxg?fé ?nsil ?ggh‘ﬁ’iﬁr %&ed él:ﬁd' e

di um Dul becco's I um
metE@ctsemtomlﬁng\tbdhmmrrdﬁagiventlcﬁrmaj»(bausbdﬁmZOmbmauum withCoy' s

5A Me ) i bovi L-15 and ser ree
conpisst AT HTIAE v misia 8 Pt Col ol B ik S b been
indiPidRaly eiERSated RAVSGwitKaPaAR Ul lind ”’Pﬁ‘cgcﬂﬁ?@ﬁﬁdluﬁﬂ'nﬁiﬂ
can be obtained fromthe American Type Culture

or Ny 110é eomt@m serung RHi/Bt protsie ntw mbleaconyatrciah meditahinglude RPMI

R0 RO M O PR

EagIethl.?ﬂi@Mﬁl Eppm@mlmm § SANIXdifZ Eei®B itz 91Ot MediGh, |
viability, 15 and/or recgpnbinant pol ypeptide
and seryEEes Bisdiasugh paEXrGRLY 3Q0) $meé&am1§bleé@4m JRKhe

BiodB20dS G0 KIhEG ggAg *L?no% s, \i/lﬁ?!}?&fﬂatgﬁnobqﬁ}{?(fﬁoﬁstﬁed

I 'n coribi natron w t C|a yaval
Amemiahuli’}@e@ﬂtuac Gplledtioh oaIRHIBlosmértcaf @s wetlias otHehaéndosss

ividually fornulated for u with a, .
par éhﬂq%d Agan mayAlso %P“‘e@éﬁﬁ oge Ogtgle Sy dpdiyidualizetum
medi{Mrm@Piiofls BAPRAclbekh ﬁé\%‘?&;ﬁg 1O RlaXRRRE 4L gt et v gﬁ@llity,

may conprlse a mxture two or nore commer ci
and/ep mcambstwh pelyperftivle pwrcvdslcmtcm a munlmmlmd hostE. The

metfirec% accior n tgiﬁje ciurgen?ltflvgﬁc’tlo%urggy ?e gseddp 001@615% 1%w§tg 115
con@ierdialg avmaﬁlet &[lﬁﬁlthfé@héﬁl@br With a@ell thiite nedi tHAPh&a5ken
be enri ched %¥f the addition of nutrients, such as
R

indiyiepally fmylat 8ps Wik a parvignisr cell leeli Fenegamplepan ensiched
el FRTBRRS G SR BB S i SO

of twobc ke atmmarcwﬂ @iedézy sunhl a8, fak id¥anc3 XHMAEXIL aﬁ(i(Ha.ﬁlX Fl@x
hi ghgr concentrations. As used

8X,
mediaSpmiyiaedh i piigs SR ecPEECaRGE bt b 1S, oo 118, or
evcﬂe %‘E‘cﬁl 4 5@ ffABd %ﬁerﬁﬁ%ﬁ{)@ﬂ' 1ﬂtaH@1@10RZ% fhedibfh %e%ﬁn& )

odi nent s, di um coriponents t can su stant rall
the aiditéat ofsrménds, istigh assmgiho asids et peptomeaambor Hmedinor (easwst of

., 1n _concent i on so tha h snol arit of t he, medi um

its cpRPPRHGE Pt e SRoBoris RisgOAf CAD UF MLat BRORE thep 15 USGAL

recoif bt ¥BYcentration ¥araxampldag 28X 3w, Ui, 5RSPRCIX 19X @ bven
conponents except salts, whi ch can be present at onl

hlghfxcomzﬁméﬁrqnéhé%@ usediherpin by baeansthpstandagd consentteation, "2X"
meaﬁgf feuéfé% P1 ard (Q)n%%“tf?‘ tlSI? rgtce {n %p({f %e%é Qg@ %men g]ﬁ&lggl

am no

comipomdnits thaodfanl smbkthmtia-lllyl alﬁ@ctgfsﬁmﬁdhtil,asmbh) bs salfsy @habtbeflih@eased
medi um can Eont ai n hydr ol g‘ﬁ‘s rotel ns, such as are

in CeRGERERLR 9pridheesmelpgiynof edinmsfallyputeida b aigacaptable
rang@%%%qgéélgﬁﬂrﬁ dIfOIS& Rﬂr b9%ﬂe\51tl§ %E&? % %111 X%lhﬁéheﬁ‘{s

commonl y use um a |t|ves Fur
except salts, which can be present at only 1X. An enriched medium may be serum

free and/or protein free. In this context, “protein free” means free of proteins of at
least 15 amino acids, such as insulin or insulin-like growth factor. “Protein free”

medium can contain hydrolyzed proteins, such as are found in peptones (from yeast,
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medi um may be suppl enented periodically during the

time a culture is maintained to replenish nmedium
w@oevpoesanmi s t hat can becone depl eted such as, POF/US2003/021733

exanple, vitamns, am no acids, and netabolic
soyporeathersonsses Ashich akmmmnbﬂytdsed artinndaddigvesnFuherpali a

nd tenper at res ma ve_sqQnmewhat different, effects
med Y B¢ P lcRed eﬁ@@lcaﬂséama@ © impe? wé@rq}ﬁw%@amed to

repﬁesfgp Wi, %ofgi?b!né?l@st thi&afl BeL Y BeplQEd g\lé[h o5 8ok e;t

The net hods the 1 nvention are use for In C|ng
vitapties, prooiediis ran«bfnetabeh@mnpmms Pysas knowen irRbe artpdifferent

rot ns ar.e rot roce
medif Ao jeihefiinR RV setbev Aitecinetibe bR i ek opy fines,
andrtsé SdnSe @ diuff @[ﬁiteﬁgeraﬁl&@ﬂﬁ§ a6t bdhitable £bF AN&dAidEsng, or
transducing a cell with a reconbi nant pol ynucl eoti de

ol ‘Beauinetheds efsthe urtyentmxs@e mh@fub@lr lmchlgmgltheepmémmesé i on

e r
ree R RS et RS RECR R EE R e BY Gl pagon o
gendtid éisglﬁmagl The ttdm ‘el A gkeringtefegsSto 1ﬁﬁ6ﬂirﬁ£ ke¥nsfecting,
linked to suitable regulatory sequences ich are

trangfarming, op fransduping aselbWithadiestmbinartpofieleotidremalsstlaise as
to c%éeqﬁe etgf:f?%e\%ge Oﬂi‘@ssf& Q)tf%'cfés@t;d éngeﬁ{ eﬁtsoﬁfe%mb%ﬁlments such a

I nsert S an vectors I genetlca
recemiginagigrol yigicleetils malediile k:om@hlsesl ruckedc dodds eem@dlﬁg thegprotein of
te| of erest. .are known to_those skilled in
intefisD OBrEbIS gk e LTS Moyl S0 D P IFArE Pt of an

“exprek S ’(féttt&d 1ht6 vHEH @8 huaéfétagﬁﬂleﬁcédﬁng \L/av%%ﬂnﬂrof %@ﬂe@tga)fe

Ausubel et al., eds. (Wley & Sons, ork
insegigd. quarterly updates); 20 Sanbrook et al., Mdlecular

d ogipa:. A Cold S L b t
pr ddigogs g RS Rp A endiceriog 2BIL SR BRAAREIY o,
expfesb h pfatbin W entertHe wBR kndwn €9thobslsliliéDnahe Af,FbP&QTle,

using commercially avail abl e reagents, such _as the
varigys reéhmau% 3¢ §lusbaigd i Sumep@rptogalsimplgcular Biology,

A LGk o T ey, A il st Of

Sanib“radiis érafit, Mielbdudar (eiages [aboratory M8 (CORT S{ﬁ'mgl\]adbloratory
Sci 84. 7413-7417. In dditi

Press gggr)o?ﬂflr%?‘f BN R -J p bAsgr SRt e ‘”l"ncé4Z &ﬂ?%f%é??q 'eS
pp. Q%@edxd&ﬁ(thawﬂ&bg usﬁ%‘c@ﬁm‘fé&aﬁ a%ﬁﬁgl aséefr%%nsﬁcé% the

cell s using procedures, such hose I n roo
catigmic lip{d@8ednts NERQIRIRAMINGA n}gmwmm 200008 |

LBk o R0 SR G bERED S kb
to tBhebackng! P@gne(rMI 8081 Pdé. MIBO AR, GRS &1 7413-7417. Tn

engi neering techni ques include, but are not limted
addition, elestagporaionsaribembarimeat with wpictepecigntidessioated wath micksic

S5 TR AR50 SRATPLR81LEL Y BSET, bGP0

(1989)amslecakiriCiaiing Dyb@ngirp demad], Rh@ed ordlpt- Bomolﬁz&pmgs

Harbga 5 yry T omg b st ko Bigal G20 oechnology (N0
10(@%3@%0%&%&7 él?gmeenng techniques include, but are not limited to,

transformation of cells with expression vectors, targeted homologous recombination

and gene activation (see e.g. U.S. Patent No. 5,272,071 to Chappel), and trans
activation by engineered transcription factors (see e.g. Segal et al. (1999), Proc. Natl.
Acad. Sci. USA 96(6): 2758-63).
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A gene encoding a selectable marker is often used to
facilitate the identification of reconbinant cells and

w0 go0ttkesied ore often included in expression veR€DUS2003/021733

Sel ection of transformants can be performed using
metAgehse mmhinga,seléanbleenam ie pfttieseditb yatilohtelthd e

1derg§d utl?%t?(fs) éﬁ?rggggnt e?ﬂﬁnlo gtgerea.u%re ((fﬁ_ﬁ%rgeé‘ S 4@21%1 %lefeeﬁglgn >
veclohZ YSEL R1H o%ﬁ%nsf&%&n@@an bR efﬂdfrﬁépﬁs?n Sthodd fih s frof

DHFR sel ection can be, for exanp strain DX-B
examhple, thﬂrdlhydroblaﬂfelfedmtm (Dﬂﬂbi-diélectld)j: choine an cesGhase to

oyt Ra ARz bant L DM bR davc Ghs PRo Lo
sultsmehsgtrstraﬁ fof BEIFRIRREBok LarPbY, KoY Rbinph, CEIF fira® DXBY 1,
hygronycin B. 10 The regul atory sequences are

Whl@lm degiciopt tdPHTRd Urlal;hwand\ hasin 41980 RyvoiYadl. AcadhiScalJSA
77 3@%-2%2(5 e a% gt I&1 es of selec er%t) 183 o e,rgm%guéﬁ&}éc{s Sef%uences

resmaﬂitertceﬁﬁbloﬁcsbmmedmm%ag ygidngginBee €. g. Kozak
(1991), J. Biol. Chem 266: 19867-19870), sequences

t hakhegaanlatont segrencenmgdyRigallvodealved frem mammalian, misegbial,

| SRS R 081580 crpion

proi6a@ s, 8Bdratoas) endrathanceranibosamé bmdmgasmlb?a(:sbere@t Kezike(sl 991),
Phj - Van et 1988 Cell. Biol.

1. BiglcGnegy hiﬁéf BTk, gf(qfsa th%%?@ﬁ%&iﬁemzﬂew and

tranBafbd 8 terBlind¥on, ﬂol@a%@ﬂ%aﬁ%@gﬁals Bee 3§41310§§dch121}1l@|a?(ﬂ98%§,

sequences are erab I 1 nked when"the regul atory
Nuodgig) @etﬂseRefSUIﬁ:tSB%éB) ynd glattireand sgaffbld afediesnt sitesodeang

P G958 o C AR oS g of BT naat g e 268 Ny

3411@4@213‘35! Boaide d1dl. $BYORENBOTN 9S 2848- :m)omfcebua@@éqeeﬁdegere
sequence i s operably linked to a protein coding

opexpblyt lisHeed Whentthearegylatosy aqquancs fapeticnelly sduefeiedhe peiginol s
{

T R S P o

funcaﬁ)nplﬂyofﬁiﬁte tsthe progeih- cbﬂmlgrse@fe‘ne@t "Shus\[\b] @fd)nm‘t@Srﬁmleolude

cis,.this_nee HOt al ways e the case. For exanple,
SeqUCHRS SERERE ﬁNﬂ@ 52 BFOé%l@ﬁP N SEqUEHEE ke RieWﬁFEéngP Igptide

)
oI OB A PATL e,

sequenbesrepabls efjegniotisg exppesim, vue:dh afsrpmmpteisy@mt their effscts

whe F et mi Ty it et iR T oy 0 e HEDIG TR RE RNAS
presBhtGfRtal heRiRRarzuRle irerBshRiRne @iﬂrb‘ssﬂﬁn Bede @Sto@@ (2902),

used. See e.g. Patterson et al. (1994), Applied
Sciepre 24051 1360-68i ot echnol . 40: 691-98. DNA sequences

de r@ \ﬁ%ﬂofcﬂ éﬂg%g%% g%lg 'eﬁt?ancgres% lﬂg%’ce%arg dgm h @%%%a

origin, e pronDte ancer,
v1rua,rudienmhm® snyfhai vifis 491 (S&B0T, and hameds eykofn@galpm@ﬁvs @IEMV ).

ot her genetic elenents for expression_of a structural
For gxataple 46 8nman CYI prometerienbances 95 immedipte egsly genghmay be

used®SkelcA. PaREQGPLG S16645, RApid O AGHiY. BkidhhoP963551E08. 17

DNA sequences derived from the SV40 viral genome, for example, SV40 origin,

early and late promoter, enhancer, splice, and polyadenylation sites can be used to
provide other genetic elements for expression of a structural gene sequence in a

mammalian host cell. Viral early and late promoters are particularly useful because
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WO 2004/ 008100 PCT/ US2003/021733 both are easily
obtai ned froma viral genone as a fragnent, which can
w@b®ae/oesami ain a viral origin of replication (PFCEDS2003/021733
al ., Nature 273:113, 1978; Kaufman (1990), Meth. in
botleazyeaxily obtdhed ﬂr&ﬁ -ebdifla) geﬁmad: hed fragmémy @hich 894 Blso contain a
ts _can 0 be

] I iLd
vira G e Ry aTs B e ddie ot anih L Rentgam (1290) Mth.
in BnkYm8l. 185 té@"?@l@) §mtaﬁ@r d2d ﬁér SV Il@frhéfﬁéﬁt? gaﬂ 5156 B@us%\fdfo

vital origin of ‘replication site is included
progideditheappronuoately @S8hpsparanpe exterdingfrowethe Hind III site toward

the PRLED GoaRein i S 70 PER i iR ERon RO SRR e

ext A 86flehét eticodifig af apprdpAkte nABvd SCRIAbLIGBHs REHl Pbftide

The choi ce of signal peptide or |eader depends on the
(leagdeareqegnchbem b@enqogmrntemmt@nnteheresmnmtwamprpm@tee| nis

CXtIIdgeII?JEaI %Qgrgtlo%d(?ﬁﬁ% feﬁagf%lﬁj ﬁroﬁ 6% t T@Se%0§(% %epttﬁg or

leader deydinds efjthengse dftiost ¢ulle rllll etikhrthe refcbﬂnbﬁahnﬂlﬁ‘éféim hkedben
US Patent No. 4,965,195, the signal sequence for

progiycedy F3giRples of igral ﬁ?ﬁidea&% prepfagctiqnal ingaammalian hest cells

mdg{?% frl]'lg% ggie s Iagérce g%gﬁtrel IEQ% lj ) gg%ﬁgﬁ%é%@g ?@ff%g 66:

No.t4h#65, e the si gnahwek]wice rfeﬂmteekeehheﬁ reséporadesqitmdiide 15

t. No, 968, 607; I
Costitehlbr Tt 3124 6P LU H1e Bieg T G L BRI 1 n
desdibedah EPtPal: NGBS B9, tdghé | Hﬁ&leuﬁfﬂnf FRbpto L GYRNGRBtide

shown to i nprove expression of heterol ogous genes
descfrrh@dunrﬁa&d%ateahNexﬁBé&,QO’brandém typs Ll intetlaelgnslurcbeptor signal

augnenti ng sequence
pep?fl ﬁ%c%ﬁ@@‘ﬁa&gﬁ%oeggg%% CHO cells (Murris et al.
I N Rfdidonaredntiet kéqubseRBbRE Yo 1@@0v5&%&3fbn(&91%?e}olog&s
Pat ent No. 6, 312, 951 B1l; US Patent 6, 027, 915; US

gengsyreRmapmalgingporEaion Begtomaclufesuchejsarants & the aempssion
sughfiinle 8fonte 1AERE NS Ao RIERELT MRRORSIED: 2
AnimizbGeld fechanlogy, 1. 529-6BRESP T3 difiPaeatN@f6,3i2,91 BL;i @S Ratent .
No Bt G BT NoBayD. Sl Sind 8 Wapsee den (Chimpi A

gen@@@ﬂ&h%@ﬁ@%nﬁ 2 @ﬁﬁ et amm LBidl cnk996)

Nucl eic Acids Researc 24269 Expression of a
257H8u#5-d BaYlou fntedhlaibasoperentryfsite (TRAASY ses;unemas of vRalforigin

l.owed b e, gene f ele rker .
allop e RENAC ol s Pl eReGE) A RSl h ) Grrene
OpihidR ih Gheld dng Y&l pinem 202951300 RiR¢sAlc0 80 Y963, DVReic
Kauf man et al 990), Methods in Enzynol. 185:

Aci Bareh 24@98?1@&% Exprassion @6 8 hetsralegaus cDNAas pahpl vy

s I B, D oFcr
showase imprede bmsﬁdntarblélg gﬂg Zlfé(hlqsg %db)%xmasm? ggleﬂoel heltjesr(élol%?us
o E’?g%ofgf it obEioghs NelhedsiaEneungb oy 4@7&-1&511 Egemplary
expfysD%%ﬁ'v&ﬁo@'ﬂﬁt e dg@%%bﬁ&ﬂlé’mA Mﬁb@?@?ﬁ deQdikd By

09 vector ed In I\/bl\/a an “et
Mosser et al., Biotechniques 22:150-161 (1997), and p2ASI descnbed by Morris et al.,

in Animal Cell Technology, pp. 529-534 (1997).

Examples of useful expression vectors that can be used to produce proteins are

those disclosed in WO 01/27299 and the pDC409 vector described in McMahan et al.
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-18 WO 2004/ 008100 PCT/ US2003/021733 (1991), EMBO J.
10: 2821. Anot her useful high expression vector,

WQOAVKGSTP0 has been descri bed by Mosley et al.PC/888P3/021733

Cell 59: 335-348. Ot her expression vectors for use in
(LopunEMB@I. T 2B2t.eAhstheaisefid ginsipiassion dreetdr, hCFCVNOFdhas

bee%%ag?é%y&ﬂa e gk 081 RGP eVEl b apRsYPBIGS
NSyt b1l %egﬁgg&@%te%me s&Pb} bﬁbﬂ/zﬁﬁabanél

ceI s can tg constructe tanti al as descri
Belg}(l\/[adadﬁfdh Bed:l 3l 280((%83)) | Amsefl sys&3n fcﬁ&&ble( HigB&VEl A

T TR el
con@@ﬁ’&éd §BGtaABAIATERI39AR hyAtkintah QO & (Méﬁwnunﬁzam%san

expression vectors are déscribed in EP Patent .
(1986)). BasetuhHighGxp@sgion 23@919 PMILEV Nd N rdesaréhediby (Emman @dal.

1985 el 574 Tk B en B aRRsRTR R TEE RR e Aol s,

maﬁﬁifaﬂla@é}lc\%%uﬁll W@afrs ars@KesRIbed it BP Phient NICA @ 36763661 and US
Pat ent 4,965, 195; the signal sequence for IL-2

WO QH2H%: Thesterioreennihe @@gﬁ%ﬁoareapvm{smt Tprdacgof thergagive

sigtgh elibbce, b Mieldiafou s ocidlce Uy bEERRLD RE ol fheional

seqpape ifod] dedesciibedlin1BS iPatehiONBat, 96,1950 the451§ﬁ38 Sfﬁ@l@tlceafbd]L-Z

el oo 5500 s e B o o

desle%edrfﬁ TPBb Jt Nfbe bb'? 5@6 Qhé‘ﬁ@m .1 £OStE's naﬁ%ﬁ)tld@ dBscribed

Ani mal cell culture: Practical Approac .
in U Phteniddlo. 4208,600x hundt the Wypevid lsiltrgcepRiressanal peptidydescribed in
1992). . lian cells may be cultured in suspension
EPgPte ?e@%ttached to a solid substrate.

Fur $inebeiuurd @NARIong Bnd &rinfantliddeefy bieln@tn ih e art See
exanple, in fluidized bed bioreactors, hollow fibe

e-g-b‘_?xmn@heqlb?@tu%e?el%@étloe%prpmaghelacR@kwoocﬂ,ueﬁn &J@m@édmversny
Pre?éé%@a%&%r@% Oh\haﬁﬁmgﬁ%tée?ﬁ meﬁ)%%kcﬁltﬁﬁeﬁ%ﬁus Sﬁsu?ﬁ lnf &/ﬁi’

|oreac ors m CrocCa rle

attaoet tataesdlid sulsstiagt durthbatod ahafmaligoedlismiotise cultured for
sen -cont.i nuous, . or ggrfusn on_node. 25 The net hods and

exapRpds, in Bridized bed biossackms.drHowditen Morsretpravpprkedibsd
biofBRLBRIBbroRs bé@gfo%ﬁ:ﬁ)géj 'r&l!le‘f%%‘rtle@ssﬂglgé s|k¥ drRAREq thRt

I ncrease production or sialylation o protein. For
bioeaatopl with oeWithostmidpecagriawrand optratedén atbamhsfeﬂl’oawhabout
né C to about.. 40C, o t onaII from about 29C to about
congnous seit CORHPIOUS o2 REFHUSOB Mt d§6C from about 29C to

abopte BéfodPind hedTh 3P HetiniAtoh CarfbROstmBiAsd with0BRY §lethods
30 substances other than N-acetyl mannosani ne,

or rgediwmaddiaives especidly thesedharimmense praghictin orsirlElatiownof he

o5 SN, SARSARDE Gl et 0 4
40°Ct;, bptiwall afiom atsomt Q@‘KD@ abaat3 T*eX Aokt dbeyt 297€ to about 36°C,
frorglalsagl(l:tGZt9°C ‘cc()j about 35°C, or from about 30°C to about 33°C. Moreover,
substances other than N-acetylmannosamine, galactose, fructose, and mannose can be
added to the medium. Such substances include, but are not limited to, histone
deacetylase inhibitors, butyrate, trichostatin, caffeine, and hexametheylene

bisacetamide.
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-19 WO 2004/ 008100 PCT/ US2003/ 021733 The net hods
according to the present invention may be used to

WO pavneeeo t he titer and/or sialylation of protRCTES1003/021733

bot h single phase and nultiple phase culture
p r Oﬁﬁ:aﬁﬁﬁodd accerdingnglthe plReseipentasmay be bl ta ﬁm:rease the
ulated. into a culture environnment and the

titerAndqr st HcRrtextsdn Pedl s ehaser AR i Phate culgee
procisil! ¢n Q%ﬁg}‘é‘zﬂsﬁagér‘g%c%a&ﬁs éllerln@curﬁﬂa& it & cﬁlttn.g'g %nvuonment

process tured in two or nore
andphmdnedosedl—?ncthedm;dl eediz hlesnphyyedelucing ther shaplé proslucmdm a

hase, under envjronnental . conditions f hat
phaf S B fagh i iast LAl S CURo i S porReiner bhases.

Fortekﬁﬁﬁlfe%ﬂ@ﬂla& Be BultiRed GG it Qgro%ﬁ‘%ﬁaseuﬁlﬂﬁf e RRFnidnNS
I ncrease production and/or Sialylation of a

congmon@that miarinmeé calbpmhfemam apd oebilgg stheh amsieraide 2and

i a_accordi resent 10, i pvent ;
profieoB R ab L Sat Rt g FRERs phse bt id el B of a
pro®¥A MR Agti pPleghasy ﬁﬂc&@és%!é Ak@ofPind MbEAUEShrdiAg RS the present

exhaustive or to limt the scope of the invention.

qurwéngm srnplgyed &tileash dying the pepdpetiaimphastiat nodi fi cati ons
dl“l'h rahlﬁés%géseﬁ‘treﬁ b%%ﬁ%r@ l‘ngt 1h@nhéc91%dye ethzuﬂﬁvg Bp %ehmlt the

cations
scopendif&hel ﬁd/ehﬁ)oﬂ:) €Tivd dkiililenl drii@nswitl padeatktahd ehai mbdfﬂdatiﬁns a‘hldl
references _cited 15 her both supra and jnfra, are
variaiens a5 Patsie Hekight of the aﬁﬂ&ﬁ teachiigsy @tdysucﬁ Eedipgagons and
variGGHRARL B0 08 1T HEW MBI ] Ve OE VR LR SHCATS e Mices cited
COMBI NATI ONS THEREOF TO | NDUCE SI ALYLATI ON OF TNFR: Fc
heréif), bbitte szipot | andi infja.carp ercorpentediaseidom éheimentiettpr mi ne
whi ch car bohydrate or conbination of carbohydrates
added to cell culture mediumis able to induce the
nost sialylation of TRKRMLREroduced by the cells.
The rel ative extent of sialylation was determ ned by
COMPARIFONQF THE ABIHZY iOFV ARIOURBTG SRS HND G QDEHNAYIONSJFHAREOF
cul ture that 79 IapUCESIANGATION @Rl Rs¥ehange col um
only at a high salt concent ration. This provi des a

roygh asure of .the ext Si a on bec
o o1l RO et RO Sy o8 4o Beg 1 Pleh GO GHOR A
con%%%ﬁto'f @El‘beﬁycfr%s 8Ad&It6 Bell Sk Ahe@MPR 282GH 3MBRe the most
col um. About X 106 cells of a CHO cell |ine that

sialjladotheE NGB et prcéllldeyl befrﬁlga eedler €he r@ﬂme@xpﬁno disielylpPRWES

wer e .J.nocul at.ed..i nt 0..eac 12 fl cant ai n
dergii Oy RS s TP ol PR e AR e D
eluteEbsi Bhnddn $xchside@daingtoH 9 ybeRiah st borﬁﬁﬂtrzﬁt[cﬁh(l tTenat ed

phos hol i pids in water insulin-like growth

prowg@% %wng mggrre 96 theroxteat ahaalyjating BeCagps PratdRsgvith more
s1a1%2a?:§f3r%§%?@£ ﬁﬁghgxl § :& oﬁgentﬁ oM fo eldl)tloﬁrf Wh B aﬁlgff g}t(chgnge

rate Ives |n Ica gure
colmnmcentration of 4 nM each.

About 2.0 x 10° cells of a CHO cell line that had been genetically engineered
to produce TNFR:Fc were inoculated into each of 12 flasks containing 30 ml of
serum-free medium with INTRALIPIDS™ (a sterile emulsion of fractionated soybean
oil and fractionated egg phospholipids in water), insulin-like growth factor-I, and
butyrate and without any added carbohydrates (labeled “control”) or with the

carbohydrate additives indicated in Figure 2 at a concentration of 4 mM each.
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-20 WO 2004/ 008100 PCT/ US2003/ 021733 Cultures were
i ncubated for 7 days at 30C with shaking at 150
WO ewaleglddns per mnute. TNFR Fc was har vest edP¢ /080031621733
medi um after seven days of growmh and pre-purified by
Culfdreatvedrd irsubhtbd fort lydays aOPOCogi IR pliukingThre5e advodiitiont per
purified TNFR,Fc protein concentyation was determ ned
mmw FRHRFF Megs é}sefsfts%ﬁe@ the medpiny affﬁ%rﬁém days ot groavth and

T e s N

protéinZondenteatipm was deteaniped by ineasur{ng. absorbanae atl Q&@rnarmmemrsl

The gan Sl G5 DR TNIERBE Broi a6 ARSER F Y g dr LAY

d11u§§1‘["ﬁit§§0%%'18u@azmext#%ez of two control proteins
containing O soybean 10 trypsin inhibitor and

0. AAmgplih ex@éng& d:n]mnn (4.6 otrh imBiasietes dndl 5@ mm high) was run as

ot e CRBHR et RS RS ot
sampRs ubi® g @Ghi Wite oﬁfwb &mkﬂoﬂﬁ%fenﬁﬁ@ﬁﬂt:ﬁﬂh et WBEM1 2 ms%
I'm dazole, pH 6.2 (Buffer A) and 20 rr1\/l|mdazo e, 07

tryprinNgigbitoaadd). 5 mefn} Pa@tﬂlbgynmﬁy)th abtaingel SigghSiga-Aldsic

colipba Sl SR, Ao

appEed 1EI thé cannmf arftt ©ligdan gmﬂfendbéterem mﬂMymmamlé,qu 62
absor bance at 280 nanoneters of these

(Buligind ) prshethpd v@w@%&l&tq M NaCLpkt ? 9 éBP%ert%W@% 178 typugh the

LR I
o0 IS HOEALIAE 0, L iy L0 cahe) B o
colwmy beaained G0 Buifﬁeth iHwion(clpoettiniasetarminegidy ragnitoring
the co

s RN L AL Bl Bt e PP SRR Vert fiiiec

- (rel&twettmeﬁﬁhé opfoaaahg{ewaﬁteb&aewa@tbﬁﬁu&mms Boef Hi@kcin uiddrdin

final wash with fer "/A. A volune of up

the @qumoo Ilact@ map elytedhebme goyheny tmpsnr mimlm (oot L bagaigutes
h ni.on C e colu ent
s QB 1S T A GheEr DA i R o Rt 05BN 0 R

0.2 pdM NBCfooIﬂd%d'lmﬁRzo%tsﬂﬁakeﬁlhaﬁg @hﬂie@ it B effers aydad B
in 25 inhibitor was considered to elute at high

fOH%‘&‘FCbe F ﬁ@alfW%S@tW@thﬁfermFR Fc that eluted at high
sal g rtH‘zti@g Yat%ﬁ‘?@ S'IH%’n{l)h@f RUER. Pﬁ%ﬁoi&%ﬁ onto

curve t ut ed soybean trypsin |
the aviibin exdimngeodzaihmar'md ajmebe]r graﬂmen‘cwamn tHiough therdobmmnngss

‘ onpared i.h each ca rfr ion from a

exp RO Te. TR RO P e Beiehihetiied s apy e gy

inhiBit6Whs Eonkidefed t& BRIt W dhhaut THB H2e86h of TNER 9%8hat eluted at
gal actose, or 30 N-acetyl mannosam ne. The results are

hlglssadf\mas detqrmjuadebyxonaeng gheraredander ﬂ@ C@mtth@ﬂ elesgd aftgre

S&n er d sugars_is
sosigaRGRR b Phy BEBToLEE budt MU SCHEE pRHBR B
com‘paﬁdyh ah¢1p¢31s@ﬁv1tﬁl‘dl:sﬂnﬁ@r feob €roal ﬂbat:h GﬁDNFRFFc Pro@ied in a

batch to batch. These
separate experiment by a cell culture grown without mannose, fructose, galactose, or
N-acetylmannosamine.
The results are shown in Figure 2. The fact that the control culture from the
present experiment without added sugars is only very slightly above 100% indicates
that the sialylation of TNFR:Fc can be almost constant from batch to batch. These

data also indicate that cultures grown in N-acetylmannosamine, fructose, mannose,
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data al so indicate that cultures grown in
N- acet yl mannosam ne, fructose, mannose, -21 WO

WQQO®4/0008100 PCT/ US2003/ 021733 and gal act ose PEi/US2003/021733

concentrations of 4 nmM each) produced the highest
andlgalaetose (it cosdentrytidisiod d oM abirproducll thalighést tdvels of
. .conbinations tested. Further, TNFR Fc_from cultures
sialgpfiouim olnt NRR:Feeofragy ob therrgmbinasions icstsAs Fyrther, TNFR Hy fgem
e ERE R lob e it 0P pugey A ARSI Rr S
sialgladonmafin gslactosmalofet X2 Nraatedeydndeyataooac (Aefractdse, galactose,

al act ose MPLE 2 SAMPLI OF A RESPONSE SURFACE

and FESBRTERNE (B T R R R F U

N- ACETYLMANNCSAM NE AND SUGARS 10 Thi s experinment was

done to determ ne optinmal concentrations for N

acet yl mannosani ne and EXAMBKE 2 nannose, and gal act ose

SRR LB A P
conbi nati on PRAASERITAMANNHMINEMDAUGARS, i on of

TNFR Fc with the | owest 15 concentration of
N- . i 7 d . ) sane
CI—I?)FH::ﬁé?’%I : [ ne§8’gkeg&llenté%g{§npi g%faﬁ V\n/éa?gor&?}ﬁ%%ﬁ) gtféerB@ into
acetyhnimnofariide fahd ftustoss maminnsen gnd Galadtosf in prowthmrhedien for
. mediumw t.h PILRSTm (a sterile enul sion. of
inerppeid TN 88 oL SRR o e SRITRPACHIL SRRl Gygmine o
contbiR:#idh @hdt RtBEvdsthd\Bb&dalylafdybf TNERK® WiPWehokagt or - 1,
and butyrate with the nedi um 20 additives indicated in

Conﬁn@@ﬁl@n of Nt@ﬁb’_lmgf}noﬁmlﬂi)ﬂﬁng concent r at( ions of N
TR TG R PRS- Be Ry 9 PGk gl WS

inodiidiedHge e4ohofi18dlakloneHinia 8 00 fltof déiuaNfre®medie wWith
additives, were chosen to sanple a response surface.

INTEALIETYS ~Ohsesierile saruisian oidractfesipe spybesmyoil prcblsagionated egg
phodBbios 00, A% RENRZ STl MR FAL LA O G
addFivgs inelicatedan @Figirg Af thatibierarging tomeeatraénl ofiNeduced t he

data for one the eight .axial . points of Figure 3.
soeryRpfenetimie Sndoub St ol CominisB R SRty istose,
galddfRWdhd dnndQC W th shaking at 150 revol utions per

mnute and pre-purified by Protein A affinity

c hriceralpipgficnstof comisatratioms @f meidivm hdditivds were chosen to sample a

N-acetyl nedram ni,c aci NANA), 30. e of . )
respp bt QeeE DAY i A EEnF i Avrit, 2000
53-3%0| Fionvaglidrecdhutures Aver@hidddrib yodubs eigatagofoa EenteBoint of

concentration of TNFR Fc was determ ned by reading

Figyg de aryhﬁglét. gherpglusss E%?rlﬂd?r@ﬁi‘é‘ied él?f-'dd%? frong of ’Fhe ei ght axial
POl o E X per Py 5 5 ot gt e dibrowen
at 30O mitlshilang hinkS0 refolutions per minute and pre-purified by Protein A
affinity chromatography. The number of moles of N-acetylneuraminic acid (NANA)
per mole of recombinant protein was determined as follows. Following Protein A
affinity chromatography, the concentration of TNFR:Fc was determined by reading
absorbance at 280 nanometers, and protein concentration was adjusted to 1 mg/ml by
dilution into phosphate buffered saline. Sialidase (obtained from Glyko, Inc. of
Novato, California, USA) was diluted to 1 mU/ul (where 1 unit is the amount of
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Novato, California, USA) was diluted to 1 mJI (where

1 unit is the amobunt of -22 WO 2004/008100
weEONANEA003/ 021733 enzynme necessary to cl eavepdI/Ds1083/021733

of NANA per mnute at pH 5 and 37C) in 2X Incubation
enzBuefneces§ 2900 pivhwoldjumoleanfé AN@, pep irhibut® Jat pHINFRARF @itk 2X

tncsfiot 15es 400 vt 26 oS bt AR, AREiConelgmel o

each) WeldGhixkd 8hd fﬁ%ﬂté:@fo?l 1RUL eﬁ‘g7é@ Thé}fﬂ:aﬂ’@ttﬁé miNtaf was

sialic acid rel eased 5 was detected and quantitated

diluted Wd) B H@’mb@fr'flﬁlﬂhﬁndy asiding30ad ofi aatpe. Tobsielimbcdnepdsed

i the ou 0) itored usin ul sed
was %ﬁec} rquéntltaﬁgfl é‘éltnlggﬁg% n%’é‘?%ﬁ%f‘? R& det ecti on
chrothblobZ@hy Gh @Glidhate Sutflod whiinehitsed S6ng Pﬁl@&l ﬂﬁper@ﬂlleﬁﬁs
(to renove anal ytes that foul the el ectrode and

det%%l@@e Rulsed emperometrisadeiosdion viilizes elegérodesttharinterspsess cleaniag

PUI%gt({g)g%ﬁ?% %Pagﬁgytglﬁ@%ﬁ %1% éaijeg% ?I%%AI}lAven;{ ﬁccr]iléz}/te rear&}n\ga) with

detexxipe pulsenital posanitinl fHrojaialgtodbenn NeYTOANTHe systerhiHé
suppl i er such as, for

Eurc aseg r{qr om a commerci al

cali ;@éﬁﬁﬁr% PioE a5d T TUNENG SRCTHENS! SAIRISS Usinedmowngmasmts

of N‘AFJ% rbhas%m%n%ﬁﬁr‘oﬁﬂﬁ ieP&IchQE %P%caﬂgﬂg the Sigm
per f ormance ani on exchange romat ogr aphy d pu §e3

Aldsinh €logpreationcof et lsmtis, Misvasi, q&ﬁr cHizesydtehrr forp&ifamexg high

oration of Sunpyval e, i forni USA. 15 The
perlogofike A i st SRR FALPeS Rl etggion was
puré«lﬁilséthr@mqmﬁﬁéﬂ €brpofioh W Sﬁnﬁﬁz"ales tafifophih q@sAanal ysi s
nd graphi cal Eresentatlon of data (JMP, avail able

f r ohegaSisnwhich aresshogarip Figuse 8 hwa@smpdotiedarsingSA)omphie

B0 1L 0SBy 2. i

frorﬁl$0kSSInB@diltd Caryo Wetth TaAdlidy, aseh)y | mgﬁﬁfﬂeﬂﬁs o6 ¥eion of
when 3 mM fructose, galactose, and 20 nannose are
TNERdeqvere obsgrvedrag3 %M?ﬂash FiuRigse |galgnioss; and manneserand skghtly
N,
v Y ST IR0 AL LR vl SRR BN aflse.
manmeseasadierbto cuRGreV\EbiR8iddid DO hOD Id§§3fﬂahJSZﬂMBN Qﬁé@ﬁﬁannos—
Mhat is clained: 1. A nethaqd for controlllng t he
amige Jpyels ofciYIEBe @R ialBpSLEapH4p Hiohe B8 Do, mM N-acetyl-
mardfd8Xminkan cells conprising culturing the cells in a
medi um conpri sing gal actose and fructose. 2. The
met hod of claim 11, wherein the medium further
conprises mannose. 3. The nethod of claim2, wherein
the nmedium further conprises N acetylmannosani ne.
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4. The nmethod of claim1l, wherein the nediumis serum

free. 5. The nethod of claim?2, wherein the mediumis
waenwgipee. 6. The nmet hod of claim 2, wherei nPETES2003/021733

concentrations of gal actose, mannose, and fructose

are each fromabout 1 nMto about 10 MM 7. The net hod

of . claim 3, wherein the concentration of N acetyl-
WhaisGls&88'ne in the mediumis at |east about 0.8 mM 8.

The nethod of claim 1, wherein the protein is a

secreted, reconbinant protein. 9. The nethod of claim

1, Iher eA metlivel fonoomialling the kiatic acid c@iiehiosflal [goteinlfrodided

rretho? of claim1, wherein the cellsdare cultured at a
by maxpefiag ¢ells compriging sHuEngbe cells i 3dnediamEompyising galactose
andTRAkd4E for cul turing mammalian cell's conprising

gal actose and fructose. 12. The nedium of claim 11,

f urd.her Benpethed ofclam hoslkerein 3he Mbdiumeithen @imprises m

12, further conprising N acetyl mannosam ne. 14. The
mManpost-um of claim 12, wherein the concentrations of

gal Bct 0SEhe mEBONOEE aind P Owidria MRS BBt FRARE: cfoEt%fH sgpout

1 mMMto about 10 nM 15. The method of claim
N-aggfghneqnnosamingoncent rat i on of N-acetyl- mannosamine in

t he rredl The. nedi um of

cl a‘} m 11 vd%%hsel&%fgg@ eﬁéhn?%erggrﬂ%lglseergmf . The

meds.um ofheahahod d2claih2rvelhaieih fige wediuts s&ugefesn fr ee.
18. The nedi um of claim13, wherein the nediumis

serum f rEhe methodiof gipisnd.4visnein dee gosenteasionspheaiaessse, 19,
marﬁog@taﬂggru&%eﬁe%ﬁélf)ﬁl)linrbgoﬁm% itouffo fngontent of a

proteln comprising culturing a manmal1an cell that
pr dbucesThemaetpodo®ilain B, wheniéin thecamperitsitiog oRiNaaet i -

e R R 1t 6 TSR T eRGIoE O Meee . Tructose and
ructose an
narglose. Thienetleteon@hiPd vwher&ih @he“ibrgf%m i‘é@%@ﬂefédt RRombinant

concentration of fructose in the mediumis ffom about
proteing m\/l to about 4.5 nM and wherein the concentration

of Se [ he ;medi i s f,rom about

obeut B adifod SFcHlES | Rdidn Wi R Rlhn SRl EHD) oqps
cel10.i s ThelrhethedloBdlaign 1 enmediatiy @lls hfeill@RaUl a2&hpdriture
about 35C. 23. The nethod of claim 19, wherein the
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11. A medium for culturing mammalian cells comprising galactose and
fructose.
12. The medium of claim 11, further comprising mannose.

13. The medium of claim 12, further comprising N-acetylmannosamine.

14. The medium of claim 12, wherein the concentrations of galactose,
mannose, and fructose are each from about 1 mM to about 10 mM.

15.  The method of claim 13, wherein the concentration of N-acetyl-

mannosamine in the medium is at least about 0.8 mM.

16. The medium of claim 11, wherein the medium is serum free.
17. The medium of claim 12, wherein the medium is serum free.
18. The medium of claim 13, wherein the medium is serum free.
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mannosanmi ne in the mediumis at |east about 0.8 mM and
wherein the concentration of galactose in the nmedi um
w0 g00f0esm@bout 1.5 mMto about 4.5 nM 24. TherpeeUkmd3/021733
of claim 19, wherein the protein is a secreted
pr ot%®i n. A 2ethddfeor nmdniﬁn@fhecsiaab atii®onwhesd protdie comprising
cultglmteln isare |na protein. . 26. The nethod_of

Fag wm%?&@ﬁﬁ o] The proesiymeidiym comprifipg N-acetyl-
mahtRAhHRE aﬁ& gikdoke i ng nmanmal i an cells, the conbination
wth th ane di um of gal act ose and N-acetyl mannosam ne.
28.20The Tieadnellﬂmdnbf clazm A9 2¥hervin éheemadintrefuntbel comprises her
f ‘%orrprlses fructose and mannose. 29. The nedi um of
Tuglpsei 4R FENNQ4Cer oi n the concentration of fructose in the
med) UM i Bhef MRbABPEIaind 20, \ﬂﬁér&ﬁ tiRPIHcerttratioRdf @Pu@tose in the
wherein the concentration of nannose in the nediumis
medipgris fboLabout b5mMito abbeut 5 mM andiwhgein thi eonessiratiorodt

erein the congce ati on, Qf acetyl -
maffiet I BL melih & Borh Aot e Flk Lo 8 b 370 5 i an
whezxi n Thanemoe entlah 1 9Nwheéin O @L1Li0 S8lthrad bhet Fatife

is fromoabout 1. 5°rr1\/lto about 4.5 MM 31. The nedi um
frorgrabeyt 20§ srabaph 8P &-n t he marmmalian cells are CHO

cel4s. -mérﬁas% gFa?HHg lgéﬁag @@Jmm%ﬁmfmc JRdi um

is serumtree. Broducing a protein
matmosamint i thegnedinmes atdnast ebdus 08haM arekwhass thé€oncentration

otein, the inprovenent co i sing culturing the
of ?}nathezéfé‘%dpg‘gé%% HB alubhoaBMt  29C t o

abopf  36fhd rﬁetﬁoﬁf%ﬂélﬂﬁ% @9 NPrsih Gﬂa Poeeid secreted protein,
mannosam ne. 34. The method of claim 33, wherein 1h

ms dAm fThetIhethOd.: oﬁplmns &9, wirpatin thegwetein o] I‘¢@)mb1nant protein.
008100 _PCT/ US2003/ 021733 .35, . The h of claim
Oﬁ\/l\h S ogthed ‘éﬁ’ﬁ?nl uy %@Pﬂbeo%rlﬁgég(ﬁfgﬂt ose and
rrarm;os e.Tn 3fmedii@ fORENAMING imaBhBalBnIR11s WHE E&hBinhfiéh with the
concentration of galactose in the mediumis from

mefhb@mf galagtopaandNzgseiyimanngsaminewher ei n t he
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fruadbsefandiatansesel n the nmediumis fromabout 1.5 nMto
abo t 4.5 MM _37. The net hod of claim33, wherein the
ent raiciBedipm ofckimp Whessinbe seRasatration pidrygiese dnfhe

medlﬁm% frl)ﬁlaa?)‘bulap 9 WivQo 8b&i4. 5 d"\%hé@frﬂﬂg cQﬂce %ﬁdg?f oF3

wherein the nediumis serumfree e net
margios¢ im tBSmediven i from aboutdrimaM tomboet 4.5 nalvle CHO cel | s.

30.  The medium of claim 27, wherein the concentration of N-acetyl-

mannosamine in the medium is at least about 0.8 mM and wherein the concentration
of galactose in the medium is from about 1.5 mM to about 4.5 mM.

31. The medium of claim 27, wherein the mammalian cells are CHO cells.

32. The medium of claim 27, wherein the medium is serum-free.

33.  In amethod for producing a protein by culturing mammalian cells that
express the protein, the improvement comprising culturing the mammalian cells at a
temperature from about 29°C to about 36°C in a medium comprising N-acetyl-
mannosamine.

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

galactose.
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40. The nethod of claim 33, wherein the proteinis a
secreted, reconbinant protein. 41. A nethod for

waeoemtadibo ng the sialic acid content of a recop®i/nsavw3/021733
protein conprising culturing manmmalian cells that

ex@sess ThemethodwblhanB4pwisdréinnhéinediant Riher aimisrisef r om
about 29C to about 36C in a nedi um conpri si ng
ruqtqs&@pgggnnogm act ose, mannose, and

et yl'ﬁ?é"lﬂ @mo@ Ekauﬂ"ésfﬂ)é}eﬁﬂﬁ &Qfaeﬁﬂtfoﬂtdfgglaetfo e in the
t about

fructoseln mediumi s roma
mediud mﬁ‘pm/\dtexueﬂﬁ hiNetocbnotehi mdM; witereih that@actosaionrof t he

di is f t 1.0 b 5 wh
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N-acetyl mannosanine in the nediumis at |east
-2687.  The method of claim 33, wherein the concentration of N-acetyl-

mannosamine in the medium is at least about 0.8 mM.

.38. The method of claim 33, wherein the medium is serum-free.

39, The method of claim 33, wherein the mammalian cells are CHO cells.

40. The method of claim 33, wherein the protein is a secreted, recombinant
protein.

41. A method for controlling the sialic acid content of a recombinant
protein comprising culturing mammalian cells that express the recombinant protein at
a temperature from about 29°C to about 36°C in a medium comprising fructose,
galactose, mannose, and N-acetylmannosamine,

wherein the concentration of fructose in the medium is from about 1.0 mM to
about 5.0 mM,

wherein the concentration of galactose in the medium is from about 1.0 mM to
about 5.0 mM,

wherein the concentration mannose in the medium is from about 1.0 mM to
about 5.0 mM, and

wherein the concentration N-acetylmannosamine in the medium is at least

- 0.8 mM.
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