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Summary of the Invention

The present inventors have discovered that certain mammalian cell culture process parameters affect

cell specific productivity as well as the extent and type of glycosylation of the proteins produced. More
particularly. the present inventors have found that cenain factors which enhance cell specific productivity have
40  aninverse effect on the sialic acid content of the produced protein. The present inventors have therefore devised
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300-450 nOsm In a nore preferred aspect the sodium butyrate concentration
I 8, about 1 mM and the osnolality I s mai ntai ned at about 350-400
nOsm In yet anot her enbodi nent, the present invention

provides for a gy i on of- . TNFRI-1g{ err] ~glycopr ot eige it Q,H%gpl
by the process 0'f6:t gﬁp?resent' i nvention. According to this aspeéct os?

I nvention a 20 preparation is provided conprising TNFRI-1gderr] in which

t he range of pl of the preparation is aboUL . o o ention 2 2 and °7. 5.

Further provided is a TNERI-1SJerr] p : | ar ratio of
sialic acid to protdin ofefiniions apout 4 to about 7 and especially about 5
to about 6. In yet anot hmmm&ﬁeoﬁmmizgatzomﬂﬁﬁéﬁwmmnmtocommoniyuscd

about 1 to about 2 i fomq&sﬁum@&?gwcmgoaarmmf% YBHE SRRy Wbt uses tis

of protein. In a further aspect B‘Pe aration
of sialic acid tc N"AREEg I‘ﬁf&‘tb‘g infyhbardnd Laks {1981 Angs. ey B&‘E{‘fﬂ‘t 5°€§5535aéna1“ﬁﬁ?'@“"“‘m
25 pr ef er abl y abouscludes.4or insranad) Bliaut, which4dpresents mannose: GlcNAc. which fﬁheenplzeseﬂi:lglucosamme Gal

i nvent ' on al so prov 'ﬂﬁmﬁe&nﬂ%ﬁ%&&u&h 6ic %Wﬂﬁ?&ﬁlﬁ}c&g ”&Hxﬂ: pat EE%F&W feference to the

preparatlon usef ul e_treat nent nmed] at e
condi ti ons. shorthand notation NeuNAc. for 5-N-acetylneuraminic acid. and NeuNGe ;@F](J Biol.

t he Draw ngs - ) . Chem. 1982 257:38347 L Bl. Cema n9B22578850. 1B. Fi gures 1A and 1B

show the method gsed to kit G rRRGE Afthhase e bidikoly g’&uwpm le?mtax%&ﬁllsoluuon

cell culture process int roduc sp ecit ctiv
be expressed as a fURCPY ‘6H‘""° s'““'“"b?‘““t‘??é““(? P%ﬁ?“@"%’f’“‘foﬁﬂ??"‘{ i pxarsesed "CQFF”‘-""“"“"
days) as shown .i n Fiofpsmaicdlpacti@ipartides {.ehsraafes)dissolykd itntkg(oPGlviion tisnOsiny #Oiar382C is equivalent

Figure 1B. The specmnvos%@%&weqwnamgw Sosa.bmméyéohnhh@fewmum oP'sofiitk Particles

confidence interval

ure 2B. FIgures 2A
and 2B show t he cor fEPYEin}Hingafsguion g‘ﬁé%’h"ﬁ d&ﬁ'{‘? liosmolesfg solution”.
viabl e .cel | daysts(Fi gurewmydmmgdmmtsfehmmmmﬁm@nQMuwmﬂB)WmmMm
the production phas%nﬁ@ﬂudlﬁ@mﬁsmﬁll ycoddins thby be f'no !oxhehosxcell

har vest ed product. Val ues .for er ent rocess hown. e A
data points represeft P'ng’dﬂbé'ﬁﬁlé'ﬁ °‘T5?‘%'tfc't° ‘ﬁ"ﬂ'r 86‘53?% "a%‘“ﬂ@‘gﬁ% e i’;g“""“ protetn
Tabl e |I. produced by a Chinese hamster ovary cell. Preferably, mammalian glycoproteins (glycoproteins that were

-4- WD 96/ Mdemed&omanmnmhanorgamm)mmed.mmpmfemblv.thosewhmhmdmﬂysemdmw
PCT/ US96/ 09284 Examples of ian gi i mcl moleculusuchnc ahllesea%dthe

Descri ption of the [MHveneydnme smimglian glycoprpyetps incide Tl ¥eo ir Epeptors.
car bohydrat e noi eti WBF@WCWGWW%HWW’%%WWSW

ref erence to .conMDNkipha ke Bbkta, their receptod (NNFRAL ER 417563 puttisked 20 Kt&ecmwhudamtm-fz.ls?umm

ol i gosacchari des. pﬁd}ﬁ%ﬁﬁd@%ﬁhQ?’lpﬂgﬁwﬁkﬁnﬁbmgm ) 8C\Erla§grom§homone

nonencl ature is foun tt (1981 Ann Rev.
50: 555- 583. Thi s nof¥horiat gpyh ik hospens relqatine fagtacy partgo wmwmmms
represents nanndide: h@mene lipoprowing hlplwefnmmt igsulin -Nchanehyallgbﬂk;msmﬂ@, folligle stimulating

hormone: calcitonin; luteinizing hormone; glucagon; clotting factors such as factor VIIIC, factor IX, tissue factor.
and von Willebrands factor; anti-clotting factors such as Protein C: atrial natriuretic factor: lung surfactant: a
plasminogen activator, such as urokinase or human urine or tissue-type plasminogen activator (t-PA); bombesin:
thrombin; hemopoietic growth factor;- enkephaiinase: RANTES (regulated on activation normally T-cell
30 expressed and secreted); human macrophage inflammatory protein (MIP-1-alpha); a serum albumin such as
human serum albumin; mullerian-inhibiting substance; relaxin A-chain: relaxin B-chain: prorelaxin: mouse
gonadotropin-associated peptide: a microbial protein. such as beta-lactamase; DNase; inhibin: activin: vascuiar
endothelial growth factor (VE_GF); receptors for hormones or growth factors; integrin; protein A or D;
theumatoid factors; a neurotrophic factor such as bone-derived neurotrophic factor (BDNF). neurotrophin-3. 4.
35  -5.0r-6 (NT-3, NT-4. NT-5, or NT-6), or a nerve growth factor such as NGF-p; platelet-derived growth factor
(PDGF: fibrablast growth factor such as aFGF and bFGF; epidermal growth factor (EGF); transforming growth
factor (TGF) such as TGF-alpha and TGF-beta, including TGF-p 1, TGF-$2, TGF-p3, TGF-p4. or TGF-85: -
insulin-like growth factor-1 and -II (IGF-I and IGF-I); des(1-3)-IGF-I (brain IGF-1). insulin-like growth factor
binding proteins: CD proteins such as CD-3; CD-4, CD-8, and CD-19; ernthropoietin: osteoinductive factors:
40 immunotoxins: a bone morphogeneuc protein (BMP): an interferon such as interferon-alpha. -beta. and -gamma:
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whi ch represents gal actose: and A c. which represents glucose. Sialic .aci'ds

are described with reference to the short hand notati on NeuNAc. for
5-N-acetyl neuram nic acid. and NeuNGc for 5-glycolylneuramnic acid (J.

Bi ol . Chem 1982 257:3347: J. Biol. Chem . 1982.257:3352). 10
"Osnol al i t y"WOPFMBasure of the osnotic pressure of dissolﬂ%ﬂ“%ﬁPﬁFé
particles in an aqueous sol ution. The sol ute particles include bot h
i ons and non- |on|zed nol ecul es. _Gsnol a | S _expressed as

concentration - colony stspiaiag sl ACSFEN e ga&”f G?S?SSF j2pd GEST: F'\é‘"‘““'&é%’r s )IL-1 O IL-10:
di ssol ved in 1 kgwpaéxidedimissoTeditecepsrsinfag thdnbranep@rent: d@§{aceieding fasor:aigal bntigénaith

to an osnotic prespEmid. a Q&mhﬂ-)mns QJBBL %?dsﬁc(\j‘l protehi}f hGIQiGE &éﬁ?rs ddﬁis%%ez&l&ow

t he nunber of sol ut e artlc ssol ve

Wien used her ei nPEE “&‘Bﬁ?‘é\ff"&?"%‘ﬁ"‘“ﬁﬁg‘m“ P?E‘&‘H‘?dheﬁ'?si ‘f"f’ 53%!’%@/‘?(’@‘ &6 [2bprg-isted

15 5 Apolypeidesherein, "glycoprotein” refers generally to peptides
and proteins havi ng nﬁ{e%&b@alm&@w "culture: meaimlngferqgi iefd Wi usdd §ﬂ§°w
ol i gosacchari de SI de ch g}s %g%coprotel ns nma ogous to t h
cel b, or Sh ety b GO it et o e o o B llowin e
host cell being uti I [ lz)ed ag eretyy sporcq udnalinitheforoofd qarbohydrate suclpss glsboeed by a

Chi nese hamster ovar Y2)Ce| | 2 edsnd) Behimd dcids. an%ﬁifﬁkﬂe%ﬂw@tl‘ﬁ%‘y%&.Q:ﬁispluscystemc
ally derived. from a nanmal

(gl ycoprotei S t hat re
organisn) ar€lused, nmire p"r“@'f"é‘r‘%“zq Q}‘H"P'ﬁ‘l?’é’é WY"&?F%PF%’“H’P‘P’&Q?‘E‘W&N eted into
20 the nedium Exanﬁjl es fof famemadndndan gl ycoprot ei ns i ncl ude nol ecul es such

as cytokines and theig r eqeate%ﬁms. whe:e trace @Eméﬂﬁlal'e dRfinel ¢ [WBrgdnic B :ﬂg BS natwsally

conmprising cytokines or their. u?a.l!Udl n for . inst ance g%ry
necrosis factor al p°ﬁ°éfmz% Y BTER UrEY °f'l\'ﬁ9ﬁ”1““°E‘P“s e
publ i shed 20 March 1991; M@NFR’SE EP 417.014 ' pubI I shed 20 March

1991) and. thasr deri vmhw;sommmayopwrvwmmﬁmm oneloPfbre/dbinpBient &R Any of the
growt h hor none. ioovine growt h hormone; growh hornone rel easing

factor; parathyr 0|°amﬁor e'; thyroid stimulating 25_ hornone;
| i poproteins: al pha- Vant |"P’F’9‘B§‘I‘“ﬁ°"“l"ﬁ%’ﬁ‘?ff‘1‘?‘sﬁ - 65 Eample. japyliny ronsfertin. s spidermal growth

proinsulin; follicle stimfkating - hor none: cal ci t oni-n; Iute| n12|ng

Por{mne gl ucagon; gl ot4i ng sﬁ@%gﬁfﬁswﬁ,h?ﬁ&ﬂ @,g;},t,g{m%l és’t tlt“g,ujt ; tlhssue
act or and vaop actor, anti-clottin cto su as
Protein C, atfial natl)l ur &5 %35%‘3‘?8’?“"1"”?9‘ TSP RS midie, '{ Wen

activator, such as ur®ki naweinapd dswpbydrolysalene or tissue-type pI asn nogen
activator (t-PA); bOrueein rmammalian host el cuahi:m" “ERHRAR £t dnd thélike) Ydren 1olc@Nine derived

enkephal i nase; L. | |
expressed and sw&ﬂu rracrc‘)&hage In ?‘Iua 'C'M"Im?g“m"ggmmmm
(M P-1-al pha); aSErnHPEBaoeedE acgoar The, nsgessasy,gropwh factors for

mul | eri an-i nhsblinmgdasubueanmuymdmpmcﬂlhalmeumnﬁammnbedforexample
alis @

prorel axi n: NDUSEH Mam 'J&%F%%@NW&H%M&&M@#&O)&“
protein, such as, Qe

endot hel i al grovat2
i ntegrin; prot eidinmkresintothe culture mediuny. m%#uw&mnﬂ#!mmceﬂmwmtefﬁmr

sgch as go?e dehin)éﬂdmﬂﬂﬂhﬁd&ﬁﬁﬁ&ﬁaﬁﬁ@&%c&ﬂ@@hﬁk(muﬁmﬂmﬁ-ﬁwﬂw Aaa Sci.
-0, Or - 0 ch
NG--[err]; p at e wf’ﬁ?r‘gr!f“‘@’” Sr)pl%/ﬁo ?Ju(f":'p%ﬁm& E"Y&?dg %ﬁb&w B‘Tﬁulﬁ \’\T‘h
factor such as dmPEomaNdys %bMEleﬁanww embryenick e (293106393 peljs wi’qipged
growt h f aatgmwm(.ﬁrﬁ)m&mhnasrﬂmw rdaavmdsc‘s‘@ﬁﬁvmtabyw kighey\@lls (BHK.

TG--[err]l. J f [
insulin-li ke gr oﬁ%%é?’or%# %ﬂaé‘fs (W dxog Rf%g—g ‘3 z?f Ms'én “ﬁe&dﬁcy cells
(brain 1 Ges 1) o SEYLATSR 100k 20K ttp rempopisy kidse ces (R *-mwemcal
protei ns suchs eScaxGaoqu celGIHELA, STEGCCLatarfiiokilifby mnyquoam cu:L By bxﬁﬁlb ralliet delise
factors: 40 i ngin Qén mﬁmﬁm mmtme@%:e cBf. %% Sihoban GRS (13 &2, HB 8065:
i nterferon SUCh as |nter eron- M_P -heta, an ga
- 5. VO o y tumor (M 060562, ATCC CCLSI) TRI Gells (Malher et al.. Annals N.Y. Acad. Sci..
PCT/ US96/ 09284  383:44-68 [1982});: MRC 5 cells: FS4 cells: and a human hepatoma line (Hep G2).

Preferred host éells include Chinese hamster ovary celis/~-DHFR (CHO. Urlaub and Chasin. Proc. Natl.

40  Acad. Sci. USA, 77:4216 [1980]); dp12.CHO cells (EP 307.247 published t5 March 1989).
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colony stinulating factors (CSFs). e.g., MCSF. G\ CSF. and G CSF;
interleukins (IL.s). e.g.. IL-1 to IL-10: super oxi de di snut ase:

T-cell receptors: surface merr'brane protei ns: decay accel erating factor

viral antigen s - for exanple. a portion of the Al e:
transport prot e%@mﬂ% ng receptors addressins:regul atory’ ?én%gyﬁwa
proteins: antibodies: chlnerlc proteins, such as imunoadhesins. and
fragnents of any of the e: |ste | tLde

The terns "cell culture magﬁ'm ﬁﬁm?"g&rr‘%gﬂe ‘?'"’m 410 LE e, 19,2 e i, fupplement
sol ution used for gMhehis prgentially "!’dm'WrPﬁfﬂ‘P‘lPSB‘F“bé‘l'hF @“Fhaft'hli mmm?%ﬂmsﬂmaﬂm
| east one conponent siiugkten howkes. purifisdielfinOdr prammmin I Mpﬁ@:nﬁﬁt-ﬁ@mmv&ﬂvzed using acid, heat or

1) an energy Soulge. e%ﬂﬂ%ﬁq thf;errt u@ure%ye J(}XQJ lﬁ&'o(ﬁp F?‘Sa 'thmalone

gl ucose; esse am no _acl usua
basic get of twefit yHErnpoahPe Hhichpee %FW'%‘V%F@PH&S"“@RE“‘“‘“
vi tam-ns and/ or. ot her Or’gzlmp&!&@mﬂimﬂs::dquﬂﬁd’rﬂdaﬂitlhehlml\hreﬁmaﬂﬁﬂb&f&ﬁﬂﬁspemﬁc ie.

4) free fatty é%‘h or easure of cell mass or yolumS uct exp ﬁmtsﬁanﬁm&&mw 18

trace €l enents are as |1 norgani ¢ conpo n S or nat ur al

occurring el ements T‘ﬁ&l“da‘f‘émt“fﬁ?ﬂfam of grgtgin PEAduced pep eqilypet 3ty Eeltfeesifie praductivify can be

usual ly in the conveniently measured according to thi¥lintegaldekhod: r ange. 15 The
nutrient solution may optionally be supplenented with one or nore .
conmponents from any of the foll owi ng categories: _ 1)
hor nones - and ot #8r growt h' f adPlr %" for exanple, insulin, transferrin,
and -epidernmal growth . factor; 2)
salts and buffers as, for exanple cal cium magnesi um and phosphate; 20

3) " hucl eosi des and bases PAgh:*&it for exanpl e, adenosine, thynidine,
and hypoxant hi ne: and 4) protein and tissue
hydrolysates.- The term "manmal i an- host cell", "host cel

“mammal i an cel | " ariheteinp is haceell spepifi prodyctivi qongtani Xgs the pumpercpf cells or cell viugee, or cell mass
mammel s that are cagabdidisPind @P/8é e 8 OF frbiéin/ pricdbionRedceDh,2aR b dblin&d folh@ plot of product

nonol ayer culture or in suspension culture in a medi um cont ai ni ng
t he appropri ate nutahcenution sunsis dyednrigial of vigdeoelis ( [.TXde "visbieeabiayss). Axcanitgho hisifotrdulaswhen
for 25 a particular cell line are readily determned enpirically w thout

undue experi ment&t i tramogpsof giyeopmpiein prgduptproducsd s pipited against the viable relt oy thelslopers quivdlent to the
Cul ture (Mather, J.d2usgélficrall CianléRely apse dedimified :{ym&ﬁ]n)asmwdr&aﬁpwﬁomdo&mm

(1980) Cell, - [ [P I capabl e of expreSS| ng
and secreting Iarge quané58 es o Ptyfartlcuﬁnlr g"?{/c% rotein

interest into the cul turGrmbahassrf deeslirluesefayto depefindo WW%{‘SM’I“@‘“
within the context @isa&h&eﬁlﬁmnﬁmndmg Dmngmuememmyl:m&iruﬁhﬁoﬁinﬁesmiymwm

hanmster ovary cegpl s{z B‘d nlsiRsho ie fo
30 USA, 77:4216 [19&253 L'ﬁpiilgz"“'CHo ce]h?‘ Ep 30‘;7)“247 puBHﬁsﬁ'{'\'ed 15 harch o o
1989): nonkey ki dnef¥ etermined for the parsicplerhpstesll Ryis ¥ Spdus experimeniations "Period

+1651); human enbrymimduﬂdﬂeywlnmmscebmmsmmw sdldsltmﬁmthosecnlmtﬁmndmom
growth in suspensi O, 24t a! et istar 6201 BH2EFe Sdserdithed 0 bl op oé&n%Maﬁﬁnéﬁn[ﬂ&Z th growth

Py et 1 KO s s e e g ol e S S8k o .
(CV1 ATCC CCL 765%; W%WMM?‘WW@WG@W§% mpﬂmwﬂ fine. Cells are

CRL- 1587); hunman censikaied in e Browth gk Tora@ertd 6fabdubbefwisinlode and\bir@ays kually)berweed o tEthree

ki dney cells (MDCK,4,ATCC CCL 34); buffalo rat liver ceI S (BRL 3A,
“ATCC CRL 1442); human’ Iung cells (W38. ATCC CCL 75); human |iver cells

(Hep @&2.. HB 8065): Trapsivienphass hofghe gelkcWps referp e e%s’e%?fzm Guripg whishcuingre « “’"‘?’Pél"" for
cells (I\/at her et aImqmoeﬁmaipﬁu&he\éananm&cmmonphmerﬂﬁﬁmﬁmm@ﬂﬂ&Z}tymhﬁﬁoBthe
cells: .FS4 cel l ﬁurF ﬁQfs‘lw (h“llgﬁre ngﬁg}mmh condmons roduction conditions.
Preferred host ceIIs I ncl ude I nese amster ovar

and Chasin, Proc. Natl. "Rrodustiogphaseqf m‘lﬂﬂ%“'“’?’?”&'z% f!“é'Sf)]’f)“m’ %—kf’é’eﬂ’?@

(EP 30 7— 247 publis hﬁtkau”bﬁ Defitigiie pidi&ﬂ)n phase. logarithmic cell growth has ended and protein production is primary.
- 6- o During tbxs period of time the medmm is generally supplemented to support continued protein producnon and
o achleve the desired glycoprolem product. :

.



WD 96/ 39488 ' _ .
PCT/ US96/ 09284 The term "peptone” within the context of °

the present invention is nmeant to refer to a nedia suppl enent t hat
is essenti al Ig, yzed animal protein. The source of this protein may be
ani mal by- products sl aught er houses, purified gebPex/usssnogess pl ant
material. The protei n |s typically hydrolyzed using acid, heat or

varlous enzynmne preparaithétgrgls Preferred peptone m xtures are. for., exanple.
"Primatone RL". and “Pri rrat ORE esiog or %‘g gb {5t Bepin tppeses pp anseripiins RS atch biturring

avai | abl e (Sheffi “Bfhig 2 heste5fl-o T fevel of expression of a product gent @ host &l @y BeidGiermined on the basis of
productivity". ceﬂlﬂw!bmmiwfcomspb:ﬂmgmh&iﬁpﬂeﬂeﬁﬁmdx@éiﬁwm@&gu.l? gin tore
ce

to the specific Got gene tha sur e pmm"§“°?)dredby
s gene thas s prodBlEd byl £ e, '{ﬁ"iﬁﬂ'ﬁéff?m Rrgdugt gene is desirably

vol une, pr oduct ex res%| on rate,
nmeasured in. for 9 5&% B?“°?)r56‘t"t§?°h¢'plr MdleuiariClonng: xB:lb&rat&?Maddﬂ)bF 738147,
ed

speci fic product |‘qutsynnzﬁarbhé.abomory PressC Weﬂbﬁﬁ‘énl:&&eﬁ@%%ﬁ{i acc%e i n O@E:hb?,
P OGUCTT Vi Ty Con i B ictosic sy o e WE & e s wop vt ot poii
mass equi v'ﬁF@sn“f‘é“"' hig 'Ei“gcﬂDPS'P'W“m uyingtagsibodies }ﬂmoﬁeedmb!p&ﬂeibtﬁb Wl bne procen,

" Hence. q[err] caﬁ%@Obbvaleu&mgiAmamm@fwam 1GB.1-18.88 tion
versus time inmtegealiopmh viable cells ( [err]: thi!'l,I Vi a (Com'?q"" éﬂ oratory
According to this for t he amount of gl ycoprotein product -

n .
‘produced is plotted ag: é}kﬁ?FW%WPamféqumwmmmmaw Sitoil O .
t he cel | SW@FM@GM{Bﬂea!hﬁmbhﬁd1egihdrﬂyﬁémorbﬁnﬂ?c§rﬁ6n%ﬂt§9u?§n§eveﬁoal
measures, for exesptabon finR R Semp! rat
dehydr ogenase (L ﬁ@g:ﬁed cell voI une or ‘bl i V”“""‘m"""‘ssal“ss"dlmbumte '
"Growth phase” “th refers to the period of exponential cell
growth (the Ilbg phas &e Regsent inventors have discaybrédShaeficRrsRRE indrkaset ce!is%&hfﬂlp%dﬁ gM?%

During this phasmduonaioksgﬁbﬁozﬁﬁlﬂyrﬁddéeﬂ thatmalfhn B 8% ot ”E tsua
20 1 4 days, agiGheYilisko ‘g& tel ons t.hat cefaf1 %%d"""me
det er mi nati on of the rowt cyc e ey proteins °"P’°’f"I‘Fe°“ﬁ<9§t"°'eéiF'F¢ acidesidees per complex

determined for t% golsincis w@w@mmmwmam roduced ma
experimentati on. bemmhmﬂvnhmbroadlmﬁbymm ?gggl$' ns that ceI I
ose cultu

growth is nmaze NMpiRides f@ggcégg@ﬁn invention
that, for a partjeu Iﬁ’&]cel f;ﬁ‘gﬁhgrtgj r# °f?3"f5@"‘tﬁ5‘tﬂ'?ﬁ’m°dlmnmmmceﬂ

growt h and division *‘“‘"‘ one is gblesoxistermine thk mrecié frocestlipatabhbrgishhde N
nutri ent medi umPPYdR er‘#ﬂdﬁgﬂmmemryngnwmwuﬁw out

30-40[err]C, in 25  Acoldingedlind fveiih J.J.,,F,Q, t er uch that optimal
growt h is achi eygg, ° b i :IaPl 'ﬂﬂ%e‘ﬁr “g'?"@‘?wp roduce 3 echYeERplp o d

E ;,F,u]@ par.lthécul r cel
in the growt q?se fo peri o m&mhﬂwmumgcen
usual | y bet Ween %Y’E%mwlspﬁéywucnm memmmemeuQR%@
of the cell cul kwmemmwebh&emﬁmﬁdm%hﬂf&mgﬁﬂﬁ\ﬁﬁ&ﬁ”? LT which

conditions for affect RNALIR e _are en

transition phasg nVJ ro nt a a%%l’g?g@s%]c d%""f'gtfg‘i ﬁwwmn@mm@él I
cul ture, medi um oSnor FWa‘HWﬂ%‘"’Iqf%°%"mmmekmugwmﬂbme&wcmuﬂns
to production Cﬁ‘ﬂgﬂ"E"FO‘FFSWWRSWlhepresentmvennonadjusmwmofdtesefacmrs.aloneormcombmanon.tomcmase

30 cell specific productivity gencrates a protein with 2 decreased sialic acid conlent. The adjustment of these
factms. alone or in combination, to decrease cell specxﬁc producuvuy generates a mature glycoprotein with an
increased sialic acid content.

The invention will now be dcscnbed wuh reference 1o various, including well known, cell culture
techniques and principles.

35

According to the present invention mammalian cells are culmred to produce a desired glycoprotein
product. In choosing a host cell for the producnon of the glycoprotexn within the context of the prasent
invention. it is imponant w0 recogmze that differeént host cells have characteristic and specific mechanisms for
the ransiational and posl-u'anslanona! processing and modification (e.g.. glycosylation, cleavage) of the proteins
cxpressed Appropriate cell lines should be chosen to ensure that the desired post translational moduf ications

8-



"Production phase" of the cell culture refers to the period of time during
whi ch cell growh has pl at eaued. During the production phase.
logarithmic cell growth has ended and protein production is prinary.

During this perivglogdosds me the nediumis generally suppl enment ecedrPusdsness t

continued protein production :&nd to achi eve the desired glycoprotein
pr oduct . -7-
WO 96/ 39488 ’ are possible. Alternatively. host cells can be modnﬁed 1o express a desued gene producz requnred for the specific

PCT/ US96/ 09284 i dificati The term "expression” or "expresses”

are used herein to PEFEPg Y pofification i i on and translation occurring

within a host cell. The Mppitulaythe mamspaliansallpmhichiexpeessdhedesireck Prosein shouldigxpaesy o b manmpulated
cell may be determ rlﬁdpr@m&ﬂmmhaaizﬁne@iuch that under the apprdah&Mﬁdntohsed&ﬂ&ummmhe appropriate

di h t he
ggggﬁ;gogyl P % errRN:A bosttan %orBlrmd)ﬁ%{:auo ogcugst;ﬁ/é\_rgqelrhe e?)zrlge& mclug1 olélen%tnﬁ(r)ne efsa&) ng;}.e adiition

exanpl e, mRNA transex cbedetton efil¥- and& Gokad carbohydrates SSChd%@*PSF Md in Hubb@ and Ivan supra for N-

unimL i tated bK/a norlt mma.wbe@%mmmsm:pmsu@mw EwaBQ alpha-
abor atory nua

Press. 1989). Prot elgn daéeo%g%d%“‘z%mr"gsédmtom e %‘:ﬂﬁ%&i %%F@Y‘F w“’lg’
by . . assayi nighsfrespnodise b‘i ol UMSIHMMW*?G# t e mlnb«éﬁ)ﬁxcq;rlmgfmse. and

enp{ oyi ngl aftsays <ot hatt mmaadsﬂ@keﬁeﬁdﬂamuoemy Sheé Gkt &nbgpkekseswhe appropriate sialyl uﬁk!lsrhse&}itcan be
wWest ern otting or QdlLes t are A
e:g?cgedQO %ﬁ'lﬁ)e%&ﬁu% gﬁ n%: in #c pOﬁluon Al"eg 8‘[’1 Ts g %@m ceﬂ Aenome

reacting with the
Laborat ory Manual . BB“"““i‘S the hostrelppn eapgdedo SE}?SF ﬁg‘PHaP% pialylergRsfegppes pyy for i 'W‘ transfection
Press. 1989). of the host cell with the BiyA arcidiig e 6ialy] Griuflera3é. salt t hereof is neant a

~strai ght or branched Chalgl giasidhdtedle Sl @;,“gﬁ gﬁg: 3] KPRk eSinal
acid or salt thereof + The S’F' anol c aclid 1's general n’fdrom one tos'fueammr"?a“"othe
atons and is pr efSer ZBropriaeohgRsacH Efpfapciiecore s such 35 Gald | AGKNAc, APPTIRFS sl pstersces wicin the

exenpl ary al kanoi c edniegt of the iptadeptrinventian includabalt drd vt Mivaited asqnaadalylgrmﬁaies itich catalyze the:
sodi um but yrate. complex sxal}liuon and brgﬁlnlz Mk%@a?ﬁﬁ@ﬂ%&m
GF |ch I ncrease cel |

The present inventors haye di scover e t hat actors
speci fic productivity - dufF figculepest the mammalian cells expressin YL BPig pfadips the desired

produced. .by. manmal i eabohyairaes mclﬁpeoshmsldduMmm @hlﬁemdlms &n b¢ wsed @myingiparticular
cont ent . 200f M@ﬁhﬂﬁ&mmﬁgmmmm&mﬁ&mom@mmﬁmﬁs&umw in the

i ure have’ Lﬁgiﬂﬁ"ﬁ“ﬂ%@r@?ﬁm 0t ey B A Sl o for e
gl ycopr ot ei n pr oduc &aimphGell Culture: A Practizeb Appeaach Ind Ed. Ritkwgiod. |- pndilamescB P ods- Psf"ﬁwm"em‘y
the overall degree ameealmatgmpmfmh&wﬁmémmnosﬁ'&mseu&;asent i nvention

20 rovides for procesgg

gl ycoBro;/lal n produtF:)ed by manma mn%‘fgﬂ&MWWM?ME h@éﬁsﬁkwﬁ mwﬂmw
net hodol ogy set ¥or tof bpikg imged. Spmmercialiy pyajlable ediaqugh a5 Ham's FWés‘ET"éM"é!@"ET‘SHE‘E‘é‘@d’“m
par anet ers that (IMEM). [Sigia), ®BMI-10640 {(Sigmay] esli Dulbekcss Mbdified Faglch Malivtind(TIMEM], $igma) are
P0 tho. present. | mveqy oy MR & Slaek iy of b suries nfur Mo A9l .
recover abl e Bﬁ'ﬁ’fﬁf’gna “B@bﬁ%?""’hﬂ““ lPﬁ%SS ‘rpm‘i‘gﬁh‘?@m’? g‘gﬁ%f?@m}

acid in.the glycopr @!2344159 ard.S6NA55: MMMN@IWQP@%&MWPWQOI%UMQﬁl@“mof
paranet ers whi chypaf hﬁ&w&e&émaﬁﬁmeéh&ewmd My ol used 23 Gliffe nedib) | Aa ofebericliia may be

but are ot 11 i ¢ ecppeepulf it i spmoms el Sk a6l 5 e BB, A cpioerma
- whi ch af f ect srmfactemm@sh*a@w@mﬁmﬂvﬂsmﬂwmwmﬁﬁm*sHE?ES)
nutrients and ot her milkdaiats@sEhias ficnodind GndAUYRRIRAE)] ahtibiotied Nsudhlas Gentamycin™ drug), trace elements (defined
as inorganic compounds usually present at final concentrations in the micromolar range) lipids (such as linoleic

35  orother fatty acids) and their suitable carriers. and glucose or an equivalent energy source. Any other necessary
supplements may also be included.at appropriate concentrations that would be known to those skilled in the art.

in a particular embo_diﬁlenl. the mammalian host cell is a CHO cell, preferably a dp12.CHO cell and

a suitable medium contains a basal medium component such as a DMEM/HAM F-12 based formulation (for
composition of DMEM and HAM F12 media. see culture media formulations in American Type Culture

40  Collection Catalogue of Cell Lines and Hybridomas, Sixth Edition. 1988. pages 346-349) (the formulation of
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transcription enhancers, the osnolality of the culture environnent, the
tenperature and pH of the cell culture. and the |like. According to

the present invention adjustnent of these factors, alone or in conbination,

to increase 30 cell specific productivity generates a protein with a
decreased si NOWAMBY content. The adjustnent of these ~  PCT/PH6{08334

al one or in conbination,- to decrease ceII specific productivity, generates
a mature glycoprotein with a creased sialic acid content.

The invention wi F‘F“W’Eféb"dé’é{:‘??ﬂﬂ’étf ‘mﬁ%"f@?‘@ﬁ'“é‘h@@%”\?&‘??%“@‘ﬁ%‘ﬁtﬁ%ﬁm’

wel | known, cel | canpbrients sch as amino deigs kits. quggeandivitemips. and optiohalipconi@ning glycipe. hypoxanthine.
According to theajarRmiite: feddihiRdni mmmm |h&d?cszéa€‘deﬂn&|e Aduéh & 'Blithdidn® §is bPPRLRARE

PRI SN R i

invention, it Si qulwbﬁmagmm ‘wl egelomemsze t hat different host cells have :
characteristic and spfg gfdopro tEf%Ghﬁé’Hrééﬁﬁnvf:ﬁBn myumda&&vyoaaééemhem&n@a&em

O oavage) of 1 noPprbE Aey of iy gt Hoiioe i ook bt i

chosen to ensurepmdmanh@teMHoewalﬁmmful?/mmmcmxmﬂ&kpmmmnwt Progedures including.

WO 96/ 39488 but not limited to; a fluidized bed bioreactor. hollow fiber bioreactor. roller bortle cuhure or stirred tank
PCT/ US96/ 0928 8 Al ternat ivel host ceI s can be.

0ssi b
nodified to e';éprg‘g'?“&"ﬁﬁg'l %“’gh e
post-transl ati onalabmbdﬁﬂﬂsmor@mnﬂmm . I'n particular, the
manmal i an cells whi Chnﬁé&&ﬁ'&ﬁen%m:ﬁe&é&ﬂ%ﬂi@!mﬂéﬁdﬂ%ﬁbﬁ%ﬁ&&&&@ﬁs&ﬂdtauk
mani pul at ed L9, express, %pgﬂuﬁarﬁm&ul a esnez peve% l%qkiégnretfngéfeﬁlﬂmgrc{nmem

(Or SYS|
appropriate condfTeSREYsER da erern,

transl ati onal rmﬂ?"!"i“bﬁ't% (Gells and pplaire; medip ot S“Plr'f?éme’m!%"% dnitigtheand WG'S‘@“‘ culture -

enzynes necessar Wu&fhﬁcoﬂiﬁhnﬂy @ fh discrete incremedisCho mmhequmumﬁngNnmandm& periodic

l i nked car boh dr @hiﬁﬂtﬁﬁmi %"‘?ﬁﬁ e EUI:Q:Q?\E@ r
N- Ilnied 0 sacchar | l% edrflézm?rees I ona mc“%"’a M(caai'ﬂ'
ol i gosaccharyl t r%HE‘F@? “5?15""@‘!’%8‘??"33§"@°"f° i (oridmg © ""“d"“ﬂmé’dg’f"dﬁ%
1. ER al pha(1. 2-)wm§¢sum &dlbgchcelmpmwmnlemlgbmhculm in which all components

N-acetyl gl ucosamo{mléuruﬁ. &Enﬁdi.@aﬁcdum@emtmnmmmalu emzdd.esmof

aanay
10 k{1 e n's“”?'?%f“ﬁ?&%a‘& oty B e byl '”%Eslﬁéi‘seese

" the appropriate mlwmmm&eﬂ*fm“wﬁﬁ'wsmmww%dﬂwsdhﬁw
the termnal si aiesuﬁneaﬁnmdcmmsﬂe.gjffl&aﬁonpm&psmmmmmnéwmkagemaaapﬂmamfuehhnm
host cell genome (33”,9&3 gndu&p ‘ﬁ“g‘?de to express
t He appropriate 3| a?nzrsl{rans erases by g‘fjmﬁgﬁmce transtection

of the host cel | Futper-the eefieef hrpultur maybe acEPrdipg ip any schiepeof Ruine that may be suitable for
The sialyl transhepsies mwrmumuemmwpwmwemmmwmmmm

termnal sialic la{e@&hgé sdpouitiprocddnt. 34 £ Qi b Rdsd ol arS Rdclated
structure such as @Gl Bl -43 cNAc %g%‘o f te Si a ‘gx%ng%t‘%n f erases ngth' n.the
the BroPestate o}

context of the pPREEHEe FHIEReR fﬂ‘f f {ftankip pre iy §d diring 4 singjeproduction
si al yl transf er aghessofpiisicaliiculeiet AResnatively. s quiti-stage culture is sapyjsioned.sTn thie prhiititstags uitysq gells may

branchi ng of themmumd.n%hmskpebﬂpga&as&mwemmmmmmﬁrszs:eporgsanpﬁahe

of adding ¢ Legdgﬁé@%‘aﬁﬁ&%ﬁoﬁﬁﬁ?@%@%@? S ?@mﬁéﬁ%aﬁﬁnﬁaﬁ"%ﬁ’é‘}

numer ous cul t ur mlt‘ﬂhdﬁ@h%%%“m vith Rhese foF a sitable pegiod of fime by ihe;

t he host cell beaaagonebmemmadmﬁwmab&nemmulture conditions for nmammalian
cells are well known } ofthe invdnBSRL e larch i odi

Met hods(1983) 56: 221 2%%3 or can emgéc i mdelterm nedorcg:mmcct(quﬂnm I
(see, for exanpl devised o enhance grppthpf oefl cultyms, 18 4 grovsp phase

Ed., Ri ckwoods Dellmdrabiaunﬁsconmdasmdbwmc@nfmdmummmM Cuiture coydigio, sudhe v

York (1992)), and m\é@JMSﬁ%QJw@Qo{y&nQJ&ﬁ RPHS BE bleTMosd 1R with Bk barBheidh Sid-will be

The mamalian cell culture o he "presént. i nvent on I S [bepared |62u%7ged| um *

sui tabl e for 't heapmlqltﬁﬂdg}mlyshlledanm Generally. the pH is ledtoalee using
either an acid (e.g.. CO,) or a base (e.g.. Na, CO, or NaOH) A suitable temperature range for culturing
mammalian cells such as CHO cells is between about 30 to 380C and a suitable dO, is between 5-90% of air

40  saturation.
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25 cell being cultured. Cormerm al Iy ava| I abI e nmedi a such as Hanls
F10(Sigma). Mninmal Essential Medium - ([MEM. Sigma), RPM -1640
(Sigma), and Dul beccos Mdified Eagle's Medi um ([DMEM, Sigma) are

exenplary nutri eﬁ?g%%‘%/eons I n addition, any of the nedia desp{#gw‘

Ham and WAl | ace Enz. 58:44: Barnes and Sato

Anal . Biochem, 102:255: U.S. Patent Nos. 4.767.704; 4.657.866; 4. 927.762:
5.122,469 or 4.560, 655; | terna |onaI ation Nos: WO 90/03430;

57100105, the di 9ol osur esncRg: SHF e N Bt i s PR Bt ieg oy cue

ref erence, may be usé@m@%@#&n@dml'&mnmmmeﬂmmww% inoculation or growth
suppl enment ed as necegiaysepl t h horm)nes and/ or other growth factors (such

as insulin. transferrin, h factor

sodi um chl ori de, cal ci um%’éﬂgﬁg %Lé’ﬁ gf ¢ "tﬂ?"mrtas"h?g?%tgﬁémgm Bl e con
HEPES) " nuél eepsere e%coe@é!em é@%ﬁdﬁq mwawﬂme PgeRant iyentiop. facsony affseting icedisspecific
(such ag Gent alyle n[ eﬁmtﬂw%mﬁmhﬁﬁm&mﬂﬂ&ﬁhﬂﬂm the desired s:aasacidraai@zaﬂcﬁeved in
conpounds usual l'y pr ati.pns in t mecr ool ar

li pi ds*(such as 1i no e'?sgﬁ?%ycj or - E“f wg'%l ':emcefp"t‘:‘r%i u%{ "%ﬁ‘)dd"““g

carri.ers, and gl ucos'é°Rﬂ?““ﬁ'ﬂ“M&PfMFWNEWWBM#GESN%a#MWFP‘?ﬁé@e@@wwdesmd
suppl ement s nay al sosidieadidrensatied at appropriate concentrations that would

be knovvntothose skill ed, g%ng ?FE

embodi ment . the rramml I an h ce |spmd"c&°—75mée‘fffm“"°m{']m?mg% %J%a%"mphm
cell and a sui tas el cHl it whichparameersdfor she predugtion; QiFPFERHﬁ\HB‘HéHF“th as

a DVEM HAM F- 12 based formﬂmﬁgim(sﬁwmmemmmm&éwemﬂnmm&%rsuchas

F12 nmedia, see cultu m@ﬁa@& QE ig“ -

Col | ection Cat al ogueino%l %eh?d 'EI nes an'gl E@ffrul | x}%j tlﬂ%%gﬁfgggmmdwmm
pages 346-349) (t he ycopromn productmlpg maybeany one of a number of single or
PCT/ US96/ 09284 15 mmmduum:mmdmm&mmﬁmowo&amﬁammm& Ih2 preférted eifo@iment the

particularly apprOprg..amaacm,tmeamﬁw;uﬁmm . Qb Hutysafd &

conponents such as amno acids, salts, sugar, vitam ns, and optlonawﬁ’x
cont ai ni ng gl yci ne. hypom!ﬁ‘b“"m‘mm%“mﬁ“ﬂ? it bistyegls s R the cell
I nsul-i n, hydrol yzed peficenductivyc Songentritionsviitodinre buitjTatoef bitweenfiil awic20 MM are used and modified

(P Isnreg L : §| 268E29| Zgg)aécoﬁmélbﬁlﬁ?ﬂ'g&iuﬁgﬁ{%ﬂbﬁ Cithuled G}Zﬁﬂﬁaﬁ%@&»ﬁ%ﬁm aﬁépmm |
prodidel % "‘8#31'%‘ %8 é‘f‘i‘f"‘“ﬁ??&'ﬂﬁ“&" OF podtym Busyrate

el ement s.
produced by grow ng '&MSMW@&?MMH@Mmﬂwwmmmmmmﬂaﬂdemwe

variety of cell cul twmgamwhmMmdalmmﬁmemmm
for the large or smalu[ §sg‘% mm“epgl&g%tweq of proteins are potentially

useful within the context esent 1 nvention. Procedures including
but not limited to. a fl Li‘l'°d!‘°2°éﬂ =B§o=cﬁl°amm%rmmmlwwm Brapraily; 'B‘?”é&‘?!‘["&‘a““‘ of the
roll er bottl e culesurespschpriosénhinses ahe tisadi KThe th@er conbineatiedrdvides Si/abapenl mstrijxion, bgothintains

aternatively ) SRERL sl Wiy AT 81t iR Gabehlly concenraions
In a preferred enbodif IPE FRRscripian euhancer guch & padinm bytyrte betwsp '\;5%5 Fﬁ\mdm“b%mﬁ“‘gnm More
perforned in a sti rrludﬂmncenmombemmwmd@smwIlepmlﬂaatlmmmabomﬁm
cul ture procedure i SsfaRbiyddls ustd) mham&mﬁ.mdmmmmbmetm t he

manmal i an host ¢ I s and cuI ur d| u BB' | ?91& o gcognterlmﬂag‘gs&g&dmgm

initially and adltlonal cu ure rlerﬁs are |nuously or
di screte increnents, *%&%efw investion) wasmmalinn (cells afe guluygd upgeg gondjgjops ¢l that cell specific

periodic cel Ip:aw%gns.ﬁmmm&mgmﬁmhafwmeprémmﬁnlamﬁm@nmwac acid or

The fed batch cul turg ¢ |HEL§G "‘"g%ﬁ‘gﬁ 5d|,,,]q,

fed batch cul ture, erg‘ln per P"Iz)a'f{ é’a&sj ture |nc u el s%mnmsa
nmedi un)- i s renpved oRfeEin withthe F’é&ﬂ&m PP&WBP@W“‘F’&&'EW‘H“ te plingic acid or
i s distingui shedaér mmkwmmmwmmfmmﬁmamnm In a particular

for cell culturing (JpediH&l g‘gco%l { tJh i l?mtt,ym nutrients) are
a e start

supplied to the cul tur| ngI vesse o
. n determining the appropriaie concentration of the transcription enhancer such as an alkanoic acid or

salt thereof. reference can be made to Figure 2 as well as Table [ infta at Example I. According to the present
invention lower butyrate concentrations generally result in lower ceil specific productivity. According to the
40  invention concentrations of sodium butyrate are chosen keeping in mind other process parameters such as the
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20 the culturing process. Fed batch culture can be further distinguishéed

fromperfusion culturing insofar as the supernate i s not renoved
fromthe culturing vessel during the process (in perfusion culturing, the
cells are restrained in the culture by. e.g.. filtration,

encapsul ati JHO9%6@UHbring to nicrocarriers etc, and the cul tRETAISIERAZEM

Is continuously or intermttently intreoduced and renmoved fromthe cul turing
vessel). Further. the cells of the culture may be propagat ed

accordi ng to any “SCRiE theprodugige phase. Agfliscussadislon ihe esmplalifyyfap affegs the peil specifiggsoductivity.
parti cul ar host Ceicdmramdothmqmmosui igreping linniadbel pasticyldr Bsmolaiy o Mbimiife during the

Therefore, the pF,,g&,g,m, pHlafevention - contenpl ates a single step or
mul tiple step culture procedure. S|qgle step.culture the host cells
are inocul at ed Alterpptiyely. fem“tem‘mw B AR At oufyTgRlYopREoteins Hall i sulres qap e

I nstant i nventi oprepawedand e logheopralein prodyct aroductivg.li.e teralpeeific prdductivity can bedbetfiedahd:

the cell culturep, éluitﬁi&lﬂé h\ﬂ%l:&(em&n!?@ﬂséd'to p?JpﬂQPs:rEdJ} thiid 42d & tg%re%{fb‘(clpﬁ%&&‘?ﬂ artiddlar -
the nulti-stage ﬁ}é{é{ re cel cultivated er of st eps
|

or phases. For ’E‘EFI "E‘Pﬂéﬂ'f mipd “‘g‘."mf‘ sjinfpellsppific grodughvityjead fo incregseiinhasiglic o ©
30 culture wh efcdlcmmyeif the glyqopratein producede D gidindiqacidersdlihemofcsuchay sediint lomple. af dtidr
into a medi um su o rdn@fip :B:'i &mt.e} i3 Qdded to the host @& VrkuRe aas}dmm zﬁ*imﬂ ih@WuhonghasI e

cells may be  maintained in g hase .for,  a SUIta eri od | e
by t he 2 B e, A, S PR S e .l e ronts
According to a ppresedisgrtiechroduquonphassfin whinh the neflenituresonditibesls isrtssdd herein aro erigiged fotale
cell cul ture conglifel &4l Mqumaﬁﬁmgg,ﬁa)l mlgromh of the

mammal ian cells int rowth ture. In.the
phase 35 cells arre)ﬁ’ ‘?‘8%'1“&%5‘53 °6‘i‘fhffd:3§r?§méﬁ'ﬁl“f P“"h'"ﬁ'%?’f 6‘&" ‘?%W‘t
i's maxim zed formmmlﬂé@'eb%metﬁdmwlmwmwhorw'dmsmherrmaawwrs
pH. di SISO| Vﬁdsoxgcgg&bédﬁﬁw&x}wﬁadosbhﬁlehinhemahﬁ?]ﬁimﬁﬁuéi&&dl Wi t E ]t he
particular host an inve gmn nar i | :
artisan. GCener aI I y V)% [ smm"c'in ﬂ?&%& ( e%ee':?l e W%OM"MHH“
7.5 using ﬂ”& (e extenp of siplylation,of ths matuce glyqogroygin. In one embodiment,
Na[err]CJerr]- WWMIamleImwemmummmmpudﬁzurmgmmwm
mammal i an cell's w&n W;M&éwm&%ﬁ&k@mﬂnﬁm

sui tabl e dq 95 %ﬁ%ﬁn 5 %to%ncnal r 49rcfem§ b%nau;[mlb%tgomolalnyandtheconcenmon

-10-
PCT/ US96/ 09284 ofalkancicacidare controlled. At g particul ar stage the cetls may be
used to inocul ate a uwduaﬂ. Wan@ﬁﬁﬂxﬁ&nu&lh&m@ﬁ&hMéﬂlﬁmmmnm

Al ternati vel Y, ﬁetstglﬁ a\?\fﬁgﬂg%ﬂt&nnmnﬁgdéyc S i, CGentIahy, c I‘Fspeﬂﬁc

continuous with t e I nocu at I on OI’ St ep.

Accordi ng to t hePrqSpciul jfincreasedyhen °6‘FP tvwm %WW%MM‘"‘H@M‘#@W‘M
producti on pbasesnaﬁéacﬂbdweekdemgnﬁmndmh&weemmmwgaidmdmﬁamadmw&@nhbe

B?ggﬁitsl \?Tt;hgf p{fﬁg m‘rrmatj I an ost aré ngcﬁmr&g“ﬁ?ckﬁjg‘ﬁgﬁg‘t%mﬁm‘om&
desired sialic aﬂ“’ﬂ"@gwﬁ'ﬂf’w "é{'ﬁfﬂ“ﬁgﬁﬂ“?ﬂm““ wgv‘f‘i&' type being cultured.
gl ycoprotein..In particular, factors which increase cell speC|f|c

pr IOfluct ivity are CORtF?rﬁﬁatlﬂiﬂEflelcﬂﬂmmewmomuﬁkf%eﬁiliiﬂl&ﬁhmﬁré&b?ﬁﬁbﬂ{z%m&%ﬁ|
culture process &uc a e Slsalfl{y Ina IgadYoCmcperO eloﬂucg cont.al ns "‘?ﬁ
e

desired Csiarremagramcen a2y
product i on ph¥sehesen sughghattha produqtipn rate gorgipendtwit !heéesmdwéwﬂlﬁy Ty inctease e sialicagid

phase . of a,m:. ﬁuehbuoﬁ Fatetid Hecteabed ad biridhalify &/gendmailyahathiafned withina lmndtgﬁtkb@mgm
phase of the. Ce' %&l ngd Osmolality in the range abdst% Il;l mgfhgl94%sm
aspect Of t he pr. esen .Inventi on he concent Pat 1 on O a transcrip

enhancer such ads appropriate for an increased sialic acid content. More preferably. the osmolality is maintained at about
between 300 and 450 mOsm, aocordmg to this aspect of the invention. and more preferably between about 350
35 and 400 mOsm. and most preferably about 400 mOsm.. - : :
For a lower sialic acid content. an osmolality which provides an increased production rate is chosen.
According to this aspect of the invention. the osmolality is maintained at about between 350 - 600 mOsm. and
is preferably berween about 450-550 mOsm. according to this aspect of the invemioﬁ. |
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an aftkanoic acid, is nanlpulated to affect ceII specific productivity and
therefore the resultlng sialic acid-content - - of the mammal i an cel
glycoproteln product. The al kanoic acid nmay be any one of a nunber of

single or d chain al kanoi c acids that enhance traﬂéﬁﬁ@%ﬁgﬂﬂ of
manmal i an protéWﬁga&f a preferred enbodi nent the al kanorc acid i1s
butyric acid and especially the salt thereof, sodium butyrate.

According to the present _invi nxlon t he concentratlon .0f sodium butyrate is
controlled to control th&hecskiled practitioner will sespgnies that Bedia ASAIANiGY; it dppendepsypqn e concenssign of
of sodi um butyrate odmobatiyasive @ritiesin ohe 20iur\dult @d teedmahet ofstiafiés @ikt make up 2 complex
according to the pa&%ﬂé\&%ﬂ Jamtmﬁﬁn kmpbcea,saaanﬁp hﬂeqx.&ﬂosmﬂn}me At hubdfbuSis Shdrfiined

acid content of the oproteln oroduced. . I n order tg enerate a
us)

protein with the deglf ‘P’e‘iﬂ'“‘g?séfP'? ‘%f"‘é&‘i"ﬁ" nhe Smelali%.ean, be meagugs ANQSPGFHFF such as that
but yr ate- I5S  edidisyeRishaniSeienkifiq) Piasbirghe Benfisplvaniahmdein the) brargitnangecPSMETTTE oF the Osmette model
productivity with t b@? Mﬁk%ﬁ?ﬂ&é&'s%m&% 'l\findﬂ%gl foQExQ;nb}é Sn order to. achxeve an osmolality in the

Therefore, according to t resent invention concent rat i ons of

transcripti on enhan §‘l§‘&‘h‘h&%““‘§l‘}ﬂf“ﬁ‘ﬁf Yoifus fonttigents in the cultury medi sand “l"ﬁ“‘b bt ai n
the desired sialic acid Sauésenhich can be added to the culture medium so A desse the Gmpiglitybeérebf include

content of the mat UL.%teﬂmes%ﬂommg%iﬂalaxmlpmms&iala@ ma.p.neabafum@m

25 transcrlptlon enhancer are use . cOn tra |on vi des
enhanced transcri’pt {BEns- (98t sajisy FFFa‘Pﬁ‘PS""“""“"“’“ ] d‘%‘fF‘ F'gmgm"“h“‘“”""‘y
productivity whil e iseenmoliad wﬂngd&meofvmmwwemlwnhu@toﬂmmnmtspmmlmre medium
General |y concent raa,;ﬁgi@fedbmhcum,g{m&m_t ranscri ption enhancer such as

sodi um butyrate between mM and. a nM are pse

preferably concentrati on&‘ﬂ&f’%@ﬁ"%’ﬂwg‘ g’@"ﬁ’"ﬁmfnﬁl “‘@E‘E{\f/gmfwmg”’am
particul-ar embodi nesditierins fet inganee) basal medium foruhlatiominicidingramine acids, variges sals (=2 NaGib infaddition

enbodi ment abOUtlserMaWrEMf&i@éfﬁo&nﬁnﬂﬁ&ﬁwﬁ%mwsupphmm%mm{cc a basal culture

nbod I d
AL CTMEN T O e A —

pr 3B |nve Ton,
cells are cul tured #ddesaendi ti ons such that cell speC| fic

productivity is i nCl’easeﬂmllﬁéiﬁﬁ'&&&eﬂﬂwfeﬁrmuﬁcﬁ&ﬁﬁﬁin(sﬂéfow&mculmnwdmm
invention a concent geatddﬂﬂd% rd@ljxgﬁgiwegn %&ngl ssetfo Pﬁeﬁé%gt%ﬁﬂgélmgn%mmmyor

transcrlptlon enhancer 1S chose such rease
productivity gerf@r afeatdnugpsly the °°“°°"Hi“!9? &f slpcoe f‘\‘f RAiEY eReesy F‘é‘ﬂ"’s@é\“?“l?“al‘,'l“ﬁ culiure medinm

profile. In a pref emmmm&om.mmwmwmmwmmamm¢|ec;ﬁed
or 35 .salt thergg B‘oﬂn%:l@nwn ek V%Qammﬁt@etpﬁ@&%ﬁ@iﬂulmmy

bet ween about 6 mM an uI ar enbodi pe

concentration of soffPERYPHErPdprtiop of lact ﬁ'ﬂ(t% 'T?%Th‘s‘"d"“““‘g“’“”“m“l'"f“ﬁ&pnm“"
det ermi ni ng the appthoguvremdivnehicmstessitds braddifioniof pacutralizer Seg. b prss srh ax¥aiFPn e dlrOH), which
such as an al kangi Ccaiéel fle &olality o rise. Sal t- t hereof , reference can be made to

Figure 2 as well as Tablﬂ%’ﬁ%nfralg Example . éccorlgh%t ger\gprﬁuﬁfr?n}mmdmg

invention |ower butyrate Genera resu
“specific productivi WW&’M'FFQ‘“!M%M“‘! i ayeforyssherabadimont. the pplturg fystem is

‘sodi um but yr at e ar ea &R e SiéniEd ihemdiuma scppleshiedin it S i dusingbeprosucsonhasers the

'{/\;1)6 96/ 39488 cell cuiture. Additionaily the medium can be suppiemented during the production phase dshzscribed infra.

PCT/ US96/ 09284 30 Alsppiyply, fnpepgineg ofipg sampling of the colfyfe Petiimsan be carrind o, The giolality
bel ow t he osnol al i t yf dezGiutiedion cdnithen ikaiodificibe te mpdnlatimolia) ted selutiop as required.

Concentrations of butyr Wug%é&d&&w& lﬁﬂﬁ@h‘ﬁﬁnmﬂghﬂ@mm%wgﬁﬁdo@wﬁ&emmvemonm

osmol ality to be maintain dur i ctlon ase.
r{/) tg's in addition to

Alternatively, for Hiefette ﬁ@fmﬁd&%‘%'ﬁ'ﬁl"f&'&l?"g“?fﬁﬂp
smal | t.est cuI turesm@aazsblhedhem@wmchmmmdemefsmnml"di&eokmwlzh“’W%!u@m

production. i.e.3st NgenGf! meSRERdrigh ConBilionslssét ds \éhﬁé‘anﬁﬁko e sRIyEiGAE Tnedpresnt invention is

meam to include those process parameters which are addmonally most suitable for enhanced sialylation.
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the resulting sialic acid content can be used to prepare a simlar table’

and figure appropriate for the particular host cell being cultured, ,.

keeping in mnd that decreases in cell specific productivity lead to

I ncreases i Wﬁﬁ%@' i C acid content of the gl ycopr%wguced.
The al kanoi c acid or salt thereof. such as sodium butyrate. or other

appropriate transcription enhancer is added to the host cell culture at or
about the tine t prfg yet h LOf 10 the cell culture is initiated.

Conveniently, a f 1 mpl oyed during the cell culture

process pr ec Jdi“i‘!’g‘ﬂ“ﬁ?"ﬁf*’&ﬁﬁ?&"f’i‘qﬂﬂ‘ the PoLyperfifls o iptepestds resavered fram the pulgare
.conditions as di ammmkmmsrwmhsewwmmmeme o desired cell
speci fic productivit CfinbriEprdiadl @il & .
The al kanoic acid or salt® tﬁ%rggfr Fps ad Vggg%myawdr%gglr?g%gﬁalxﬁm‘%"o]’gﬁa
In a preferred eMBrRysh iralymay be recovered frqmhost gelk yspishut yrat e i s added in batch to

the fed batch cult ur easyfirsiawep. Wetchltuprmedih bidyshie B icénirifugadp remrore patiCulaLtbil deBrsl The -

15 as describegyhahil dirdher K1 tf.@,afctm.ﬁmﬁ ddlendi aﬁmwg{gad&fw.ﬂp.g"%ﬁunﬁn

cell culture. \‘f% e "1-nst ant .
osnol al ity of thRSOEdfe "'t‘,'\%lefeﬂ‘P'é'yéfrﬁH"’Plﬁﬁ iFtion REocedyres: by frackipation onimpgontfigity or ion-
to the factors nathedge@ivonscetitw prepistiot ewwmmthmﬁmmpHddpkﬂNabMa&ﬁon&h&nge

o o1 O heO 0 Bl e ARG s Pace: somonf Tl 3’3?’“‘8?“‘"?
factors which  cmele S’ﬁ'l‘"f%égt’?d‘é‘lﬂm‘ﬂ gﬁ"ﬁ'%"ﬁ“‘ﬂ‘gﬁj‘b'[‘ﬁ"?/"‘fw A proease

enbodi nent osnol ldhhlwryuch & pbroyl methil bulfdny) fuoridd (RMSFpatso tmay keaseful © lxdhlbn gomlﬂuedegmﬁﬁon "

factors which af fuffglpurftiehion. @Péﬁllédlnﬁhﬁmﬂ%ﬁréc)ﬂewmﬁﬁ}a&n as.ﬁd%@;ur&d i BD Sl pepRat

bot h | al h Kk -.
controf 1 oq. . Sty R o o spongys o P B BT R PR

is controll edSt onpmﬁwecet!n@uraem red bal ance between the cel l

slpeC| fic pr Odug[el Vi tWy%&hﬁnluﬁcﬁﬁktdfﬂrpﬂiehduﬁen&fnakbﬁ:ﬁ&aﬁ&nldcﬁnﬁqﬂgand

gl ycoprotein 3 skl GhEAS
\I;}A?c'ilﬂlectyfm &%%Loh%pa?eg o; thﬁ nvenq[on %&nﬁggﬁ& uces a venno gg*lﬁ:

when osnolality 1s incr pro ern

the desired 25 endchedif ?%W?%m'@mgﬁﬁ?skye@ﬁ‘ﬂﬂ’“fﬁ“‘fﬁwm"l"ﬁmgﬁlﬂc
the osnolality gsnmadﬂqadma&bﬂm&mmha&e&emrpwﬂ&&tmcdlm of the
particul ar pgetein. | ease the productlon rate -and increase
the sialic acid cont

T ﬁ mat ur e coprote smol al |
‘general | y maint ai nedqg 5"1‘66%'1’"’1"8\7@?‘"?%?”1’ mp 'ST ﬁ"é?‘ﬁﬁ“‘
cul tured, invention may be readilf-analyzed ifdesirédalry consdntionglschnigues of Molum Mmt hus.ffor

the culture WEdldﬂﬂﬂéwﬂﬂﬁ\ﬂfﬁiﬂﬂhﬁﬁ@ﬂ%@%tﬁ&ﬂuﬂﬁﬂrevealproporudibﬂﬂﬁﬂﬁalmannoseor

increases in the,os L1y | ) l.ncr |n

of proteins. An osmr)g'fel 2|s 5%3?%?3% #ﬁ-? &8%%”1% swhc
cor r esponds ﬁﬁtﬁa‘l‘h‘éw Le45% of HgRs from the qrowin usipganh Wﬁ'& H@Wl%?‘ﬁ
content, pr oduct&mnatuatcﬂohgauehaneasmalﬁgmmleadlusbychmmgm &l othyr methods well-

mai nt ai ned Wi t higoudid ;ﬂ‘éﬁ‘;m@?

cell being cultured.

é%'ﬂﬁn the range roma A&%O rrfbmmtq%m%out

450 mOsm P E™HD T}Pf'zft“ n &‘rf°‘\°ﬁ'&¥'§‘§§'éﬁ“§|"&1“¥“&‘ ingicpigs s GPrtensr pf sialiearids
preferably, the codwgyaprotiy. . |s mai nt ai.-ned at about . bet ween 300 and"
450 mOsm aceg@r di ng tr& %ah&tﬁ:inmwmnﬂ eipRssed & Nl bro-

bet ween about 3350 and ef ut 400 nOs

For a | ower si aﬁ 5%“5“?5?“ 8’"“%%9%?% T'%L |C§"B’|”5‘¥d ﬁﬂ’ms‘ﬁf‘l‘“é%rsped
_production rate lmdelmbwmfmmmeméwamgwm\qm@s‘w@wmmmmmmm
invention, the Gﬁwe@hdcwmlmemai&mmmxamMicobﬂbmmmx-s)mmml-

Zggect of t Ihz aneﬁgc%-%c\érebet Wee‘?herep(x?euxln mécléo(;es ure d. ?tcrgp%rsg!s grgaﬁaggl;nms%ue of
-12-. 35  the produced protein. The pepude sequence of the prou:m produccd will contain an asparagine-X-serine.

asparagine- X-threonme and asparagme-x—cystelm wherem Xi is any amino acid except proline. O-lmked
carbohydrates, by comrast are characterized by a common core structure, which is the GalNAc attached to the
hydroxyl group of a lhreomne or serine. Of the N-linked. and O-linked carbohydrates, the most important are
the complex N- and O-linked carbohydrates. Such complex cﬁ’_rbohydraleé will contain several antenanary
40  strucnmes. The mono-, bi-, tri.- and tetra-, outer structures are important for the addition of terminal sialic acids.
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WD 96/ 39488 . ' , o

PCT/ US96/ 09284 The skilled practitioner will recognize
that nmedia osnolality is dependent upon the concentration of

osmotical |y act iw@odssgs cles in the culture fluid and that .a nwﬂqszm“

vari abl es that nmake up a conmpl ex mammal i an cel |l cul ture nedium

i npact osnmolality. The initial osnolality of the culture nediumis

det er m ned Dt Jnﬁ‘er CRANRARulel &&‘&frarramonw.wsﬁma&dﬂﬁu%Tasn.ﬁmwse the
can be measured usin ng ter such as that d by Fisher
Scientific. Pi ttsbur%ﬁ ﬁ’@'ﬁsr? é’r’emf'g\”mt?ﬁder t he brand narre OSMETTE (or the
Gsnette nodel 20 (Fhe reswiring dachpiivdratésicanrbe Mpleved byjapymeghed knowmin the preincliding thode methods
MA) . for exanple. | NgeQtisd herdi? SéverllinRiiEds 3/ mmaluﬁh:k ?nglichsyfaﬁkﬁ! ana|y5|s and are EL@@I' |ﬁ fﬁgcomext
range. the concenLr atflmon of .var.io S constituents |“0 L&E# g&ﬂf fih
be adj usted. = - © present invention pch methpds pravice inforpgat 55&‘@"&‘% Py 404 1 9PResiion of the

medi um so..as to i ncradigesaccharide agaches] o thiz peptidel M‘M far nagbahyticate analysis usefubiniic@resryy invention

pepti de,sb ?m ng ac: ctsonmhyarael.wm.duaw 1668k clﬂfnﬂioﬁhﬂﬂ)l? mbpaa mt@m%h pii anion exchange
non- netabol i zed pol yne ts nmet abol i t
organi-c -acids. lipi mmm ’ne ﬁ'?akm o de 'ﬁ" apnn%'ﬁf‘ %e ?&Lc GhC:
is controlled by themqamchmmomosxaonplemh@wmn@wwqxseetm-t ure aI ong vm th

ot her conponentsif the adbitichalR, viEhEds ¥ veleasing oligosactidfidelige khotnt> Thddddnsikbdsintlulid & zymatic.

procedure. ' c e 5

osnol al'ity is mintalied By aﬁfg%‘ﬁg?%p?%gﬁéﬁ?g%?ranﬁ%gﬁ {ebedmm“‘s"‘gm"
addi tion of .for i nsta¥pingenvionmenttg peiepsp maiply{-finked sincres: and 3) chemicabrathgdssing pohydroysdydrazine
various salts (e.g. u&hﬁ‘&s)bommmdﬂiMdQngosab&mdesto a peptone. In a preferred

embodi ment, the culture Pm%ggmggomts  for |nstance a basal
culture medi um cont a| n| n excess amno a (see.

"Super" nedium of3U. S. Pdtent DNHS'S Bt the samplg ggainst geigpized avater. o remove "&Htﬁf“a“"s followed by
pept one. It wil lyophitizaopr eci at ed however, that the
concentration(s) of ot hery CO“%L!MH.L&&;{&&JR&&&L;MEM&&H dra3ie. be
nmodi fied in order to achieve an osnol al | range as set for above.

control i ng ei ther intertittenfeptpenspt the °'8WM%@§W@H@%E€W'5HC6W'M
of glucose (the primry energydmwm#»wdlmdesmumm&nvaumthe cul ture nedi um

t hroughout the cgpturingg, themna“prg{m;mo um can be maintained at
about the desirable rang s_pe&gfll ed r']lt%% y? t he gl ucose
concentration serves to provi QS AR BEe REOHERFY '(‘,"3" BrpiEs ol | s and

si mul t aneously- - cént roﬁemnﬂmwlwﬁm&%wmwpmg!3CP'511-8
cells. This is advantageous igoinat it |imts the pH decrease in

the cul ture medi um which nece%gh;fﬁﬁl%fggﬁ &Qﬂwé‘@wﬁuv@s OQL,J,,Z&‘J .Lﬁeolg_-,,.dm

a base such as NaLerr]CCIe caus e osno

to rise. The SRESIFCORY: CRPATY S Kapppslandapdht od to mai ntain the
osmolality within the appropr Qeanéaivar gf NBdidihaDr difivagives by FID twithwiut dedrial  standard
schene is being used to maint g LG SGhlesgUl ture. In a preferred

enbodi ment, the culture system.is fed batch culture syste
the mediumis suppl ement “‘T‘h"’ﬂé‘f"&?ﬁ’“ﬂﬁ“&"?‘?&‘ﬁ"‘ﬂﬂ’r rﬁ’t_fl;lf’ﬁémﬂ?"ﬁ %‘ﬁ%ﬂ‘%ﬁ&&é“’mﬁy

~of the cel | combined with puléed eingteromrteid deypctipr {HPARRRALR Parhobdrate SystswTinex Gorpt).cpr instance.
during the produsbl ssnﬁam?wdnﬁeﬁ.mtvmmnu&ﬂmmmmo-cforsh Hydrolysatesarethen
nt,.of f -

Alternatively, inten IEhe cult u di

‘carried out. The osr#g"f‘}aqy? fzation or Wi asp%”@raf'ure ed |lll}r°rs1‘d(;:'gr?° eéj‘mf)wg Wodum
nodi fied by the mdMWW’&“@H@MM#Wﬁﬁ@B&HFMW"Y“‘m'w“‘ (Anal. Biochem.
It will be understoods:feg-2kd@esski | | ed artisan that the cell culture

procedur es of the Pr e ety Me 0 bl et by U ol e 3% . D e

~desired | evel of SI al Kl ation 0 e produ rocess paraneters 1n
addition to 83@3HQW'FWSF@F%W|W%%%WW€% @B@}of Warren.
sialylation incl ude I0X BiHECnemeIEN8) (1950xIs @bdicose | evel . Culture 35

density, time and storagegeudh,! m&e%@n&%&ﬂ% pedbies eA@{?La%@%ﬁupmdm

sialylati on. The present ‘1 nven
process- par anet er s - iiPtHbousarkelrtrgirAprard Mg commeribpiey @W‘Qhﬁ&‘ﬂ%@&"‘"“ﬂe" which is
si al yl at.i on. : based on the oxidative imumunoblot procedure described by Haselbeck and Hosel [Haselbeck er al.

40  Glycoconjugate J.. 7:63 (1990)). The staning protocol recommended by the manufacturer is foliowed except
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-13- WD 96/ 39488

PCT/ US96/ 09284 [, Recovery of the dycoprotein

Fol | owi ng t he pol ypeptide production phase, the pol ypeptide of interest is
recovered fr ulture medi um usi ng techni ques wai. re well
est abl i shed %B%%g“g The pol ypepti de of %@E@?&‘
preferably is recovered fromthe culture nediumas a secreted pol ypepti de.

5 al though it also nmay be recovered fromhost cell |ysates. -

As a first step. tharbe oeypniypResterredip & pRbyinvlidsne diftyoridememiasape ipsEag pEpiracgiiulose mempaane and
particul ate cel | ugdickigg bulfétecontained 5% lpoihe /v aibehein tnhO MM fris Buffed. SH P4 witf 6.95¢l sckiiz M

contam nant sol ublgider ggzgchgbsts A v s beﬂiﬁ §nubW|eTs ok Gitf £ sl Bgsphate conjugate

rocedur es bein Xer of - su cati-on procedures
1? ractionation o% g ‘3 ?OHF'E'W'UP"\SE%“B&J"“ using he phosphgase ¥ ’f"ﬁ‘Fﬁ’l‘%‘“’“’%’("ﬁ‘é‘l‘?&‘?"“‘“

preci pitation:s r sbieide®.03%swe ahﬂmmaaﬂmhbwea&lmtgylﬂﬂsghawﬂoﬁ {wive in 100 mM nis buffer. pH 9.5
cation-exchange 1fuainidg&96 wwammaeﬁxo% 56 BV RERhQIACHBHARD ThoProteln Walds containing
annoi um sul fate p d%fetatl‘gp tration using, for exanpl e.
Sephadex G 75: aff Ub°§¥ aferys ’S”é‘gﬁ'éﬁ"d‘b@‘ﬂﬂ Rt 5 renpve contaninants such .
as 1gG A protease  Thecarbghydtemay 5o bsanetjredty dipdatinnwith Mda*}*l-gl)&uldisanyAccéranw hide
(PNB][:) a![ SO may H&Fflé*sﬁu@xs{sxﬂ&h&k tn 1L %?%f*&ﬁnﬁnﬂ?%?ﬁ%ﬂ ?dthfbeta—mmaﬂt Sinhodf)
purification. e a purificatjon, .
met hods sui t atf e%?dl?u o?;‘?d@’g% a P'L 86. ’e‘g ?‘e‘S‘é ‘{:I?"ﬁﬁy‘"r YT fogting 1o room
nmodi fication to amzwmth¢mlehawgémmmenmﬂmhamnsWatddémmwwasmmol
lépon exlp{ essi OP ﬁmﬁd’had’u@ﬂ@i%ﬂﬁ&ib?&% INPQU&ek&Eﬁfollowed byOZumtsotf peptide-N-giycosidase F
specially prefe cont ex re in
purification tecfﬂnr%‘u& rayr“r'ﬁl Proc &S JeTmet & r ég’\/\%?’ ’ﬁ'ég" %‘3’?"‘?% é%‘mwm‘“ gel

carbohydrates of ‘WFePhPfPP&Sentlon The desr red glycoforms of the present
i nvention mayisbev. g ; padsai ni ng nol ecul es by..

ofikIE: 8 o
for exanple, ion-exchgn gsfeﬁ& Qﬂrp%{)ﬂﬁé‘%s\é :%%nl?ﬂa'aguﬁr d:{nducytﬁn&%cmsls |

cation- or anion-exchan resins,
col lected.” 20  fagor receptor {TNCR) lamigpeiohiyn (ig) Spimsfas: GfEspeially preferred among this class of phmeric
conpl ex car bohydp&tems jo O saluble pé 1 TNER IgGyThe [TRER1d2G) climas poodwtedone wdfud infthe ccemss

of thetpreslent diag osnsohﬁh\fﬁﬁ#%mﬁ@%r'ﬂﬂ?Jlﬁédtlkﬂsﬁﬁ'a%_&h&&dﬂeweéﬁwlnmmm
conventl ona ecC 0 I e ahal ySi U

techni ques suth g% ? m %Ign ﬁs ﬂ'?f'%\?fe‘&f’“’““”%m
proportions of tmmmmmmianWmagwmmgmmw
Term-nati on of nwenmbmmregunchgﬂru,mwmeaﬁmxmmmbﬁm RohRy/disease

sialic acids 25 o R F k&l ?‘qgg gms fromthe protein

usi ng anhydrous ﬁ"dﬁra%m ne or. enzyma X% S an i fractionation of
ol i gosacchari des by i Dy THER et QEP'EF°“§?@§“E‘X'E!“KF§MHREH“MH’H§F§’QW“W°HW
met hods wel | -25  monoclodshapiibidiesito TNE have been folwel upbe usdfult Mnngrhgcempmemmmmahm

lsolealrregsg(r:legs biLQ{uﬁodw lﬁisw‘%"“fg'?)’fil oW nbeuram nr d se tr phyth‘mﬁmy(%rg ?g?’)ég
the presence of & 3?4’7&]3 3a§66% I"“"'”ﬁ‘rf"‘l“’%’é"& *@r&ksd?<%°’m=='335 12%he
car bohydrat e st r aewrine genogipral 4atibogy lo croomibinam tuman TWMwﬁomomephmtam“mmdm '

expressed as N-| hlmﬁ@ﬂuéﬂéw@severesepucshécknhﬁlig@ﬁ?m&id@ﬁhenmﬁm%ﬂﬁemﬂaﬁﬂﬂs
O 1inked carl%i(ahydrahesen?I= fer primarily in their core structures, N

| i nked gl ycosyl afion* " &eT 0 the attachnent of the car bohydrate noiety
via G cNAC to an aspalnagihel of weslingadisease or disordergssedipied with, T F peherapentislly apjye amount of

N-1i nked car bohy URFR1€gG, phepardiionis adniinisteréd Q6TAITAbject in need of such wreatment. The preferred subject is a

Manl - 6( Manl - B)WMr]I-4G cNAc[err]l- 4G cNACB-R core structure.
Therefore, in the core structure described. R represents an asparagi ne
resi due of An effective amount of a TNFR1-1gG, glycoform preparation of the instant invention for the reatment

35  of adisease or disorder is in the dose range of 0.01-100 mglpauem prefcrably | mg-75 mgfpatient and most
preferably between about 10 and about 50 mg/patient. )

- For administration, the TNFRI-IgG, preparation should be formulated into an appropriate
pharmaceutical or therapeutic composition. Such 2 composttion typically contains a therapeutically active
amount of the TNFR!-‘IgG, preparation and a pharmaceuucally -acce:'ptable ‘excipient or carrier such as saline.

40  buffered saline, dextrose. or water, Composttions may also comprise specific stabilizing agents such as sugars.
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3 5 'the produced protein. The peptide sequence of the protein produced
wi:l.| contain an asparagi ne- X-serine. -. aspar agi ne- X-t hreoni ne, and
aspar agi ne- X-cysteine. wherein X is any am no acid except proline. O|linked
car bohydr at es, byoogmdsssist are characterized by a commopn core Spei/0$9¢9Rss
which is the Gal NAc attached to the hydr oxyl group of a threonine or
serine. O the N-linked, and O |inked carbohydrates, the nost inportant are

the conplex N and Ofdcmkgaﬁhnw 18 hfholl A8 lm@%ﬁe&@@kﬂmﬂﬂoﬁ@&ﬁ@ﬁ%zﬁﬂmﬂf& kxampie.

cont ai n sever al ant epanary 40" structures. The nono-. bi-, tri-. and

acaine.
tetra-, outer structures are inportant for the addition of termnal sialic
aci ds. _ ‘The present invention provides compositions which further comprise a therapeuticplly active amount
WD 96/ 39488 of an additional active ingredient such as monoclonal antibodies (e.g. anti-TNF antibodies. antibodies 10 Mac! -
PCT/ US96/ 09284 e Setc
provi de’ for additi OnaliLFA l{orothcf-rrccept eassgc:aewgﬂm?Nﬁ;uga noﬁ;bgéﬂll §rtl{.<, %[o?s .
conprise the A preferred thmvm&mwwfoaw# 9 fFombned shmeaﬁebm °°m!’"5=5 a novel
i nventipn. TNFR1-IgG, preparation of this invention wWitieh ethibfit iprblones e&&ﬁd@ﬂh@bﬂ:ﬁﬁﬂ@ﬁ while fetaining
be anal yzed by any ;]QFI tggg EJ::U et p$§g|
descri bed herein. Sev%l uom V\.ﬂe{’]n t erp'gr'f or |é/l ogi'a | 0 'dmmmm
anal ysis and are usef’ﬂl“’“F’ﬁ““FW’C’!ﬁhM%? TNFRI-IgG, chimeras in thg FUCFW"‘W" include the

present inventiomno SMI@,Wpﬁ@meWMWH egarding the identity.

and the conposition of thg ﬁﬁmﬁi g EH?‘QQ

to the peptide. Methods for cang:khfg aem:ft"r'fa gfmsg use uI% nt ggpresent Rdbr more

i nvention i nclude but are not 'F‘P"HT‘P%H“{"EJ“PECU n chromat ogr aphy; HPAEC- PAD.

whi ch uses hi gh pH ani on @xchamngR1-IgG, preparations wherein the range of isoeliadtrizrpaino gl ofjitie\prepadation is

separate ol i gosacchari des bas qgdwedd S@W 98 as lRuincl By &nﬁlﬂﬁf&t{s %lﬁpdl’gsensitive to

GPCG; rmnosac&searl de corrp05| t i onal anal ysi s

sequenti al enzymeti ¢ di gest i orfeuram - 10

Addi tional ly, nethods for3rel é@ERh{;Ga#quc@uwhuphowdgmeSOﬂcmwﬂN-ﬁmmﬁmresidtm
met hods include |)enzymatic. permole of pro whi ch is comonly

performed using peptide- ly e F/ end er ctosi.dase: ol .

el i mi nation using harsh af %Fﬁ&. 25 Riog T'%?ﬁ?‘f‘?} s'élﬁﬁ S PIREm OF 317 dpciaty

rel ease, mai nly O-1inked structabe®é. and 3) cheni cal nethods using anhydrous

hydr-azi ne 20 Oy mmt-lgorpadpmemhhm&hrmdof@aﬂcmﬁ-mmgmeomm ofabp;;

ol i gosaccharides =~ o or=TyR per f or med
using the follow ng steps:: - 03$toabout05 mmfgm@gmébﬁm O%'Dl al ysi s of

the sanpl e against dei om‘i%'ﬂs tcadwinisagion fopthe, ipdividyal orsomirined therapeptic compysifiong, afthg,present
| yophi'l i zati on. invention include standard routes. such as. for exampl2, intravenousinfusiosde balis injetiionC t

ol i gosaccharide chains WAQW quﬁﬁlﬂl@ﬁ preparation of this invention in: the manufactre of a
3. Treatnment of the int act ol osaccharl d&chal ns vmth anhydrous

met hanol i ¢ HC t &3l i Bedieaper t of a human or an
i ndi vi dual nonosacchar i deidaviag nd® graerdily desclibed theinventipn. the same will be more readily uiigrstood through

4. N-acetyl ati RﬂmﬁtmaiayonMMhﬁmcH&e way of illustration. and are not intended to be limiting
5. Derivati zati onf d'é"f %t ri hy silyl rret hyl gl ycosides.

6. Separ ati on of ‘capi | | aré GLC( gas - liquid
chr omat ogr aphy) on a CP- SIL8 .

~col um. 30 The biological effects dnﬁupmmmwkémm mgfspacmdmpuduaiemm

§2§l|5ycos_i de.derivativeg "Pés’g"g{:ﬂ"%‘%?’l é@aﬁ%ﬁs%’nom thgﬁgénceofmdlsuncttypﬂofm

8. Quantitation Wﬂmwawmwwwmgoﬁwﬂm'U&wffnf - (190> Cell 61:361) and 75
I nternal standard kD (type 2) {Smith et al., (1990) Science 248:1019), each of which naturally binds to both TNF alpha and TNF
(13- O-met hyl - D-gl uco%@(!.oelschereral (19%0) Cpl SL35y: Sl eral 19901 Celk 65\'9ditkcﬁ-koéﬁldcx990) Proc. Nal.
am no-sugars can be determ ned b performance_ani on- exchan
chr omat ogr aphy Acad. Sci. USA 87: 83 . 'n;e exwracellular portions of both receptors are fi namrally as soluble TNF
: binding proteins (Kohno er al.. supra). TNF agonists have been created which block the deleterious effect of
TNF in various immune and inflammatory events (Peppel er al.. (1991} J. Exp. Med.. 174:1483-1489: Ulich
(1993) Am. I. Path., 142:1335-1338; Howard, O.M._Z.. (1993) Pmc Natl. Acad. Sci. USA 90:2335-2339;

Wooley. P.H.. (1993) J. Immunol. 151:6602-6607). One such agonist (Werner er al.. (19911 J. Cell. Biochem.
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" conbined with pul sed anperonetric detecti on( HPAE- PAD Car bohydrate System
Di onex Corp.). For instance. 3 0 sugars can be rel eased ..
by hydrolysis in 20%v/v) trifluoroacetic acid at 100[err]C for 6 b.

Hydr ol ysat e dried by | yop daw
with a Spee@@‘?”%@avant Instrunents). Residues are then di ss)U%ve n 1%
sodi um acetate trihydrate solution and anal yzed on a

HPLC- AS6 col uim as described by Anunula et al. gAnaI Bi ochem -

195:'269- 2 80( 19911)bstracts. 20th annual meeting. p. 115} combines the extracellular dagpain 9f pumgp $ KD typg | BAFR with
det erm ned separaaabmbtyofbyhxhdamdcl’cmwtsocluharsmmlﬁbummmm:raﬁmYao et al. (Anal
Biochem - . SBampe manimhis S wahsfecibd it h w&k&m\/\gm E5NA dodddiflg the TNFRI- -

preferred enbodlgnt t he thj obarbaturic acid (TBA) of rren.
L. J. Biol Chem! 8'{"%’3‘("1’9@@‘}%5 used.

Al ternativel y3 imunobl ot car bohydrate anaMgthids may be performed. According *
to this procedurg Cell Line protein-bound carbohydrates are

detected using a co (Tgl aI Mcan detection system (Boehr| nger) which is
based on the oxidati TS HOTTen Pvay ¢ fige uspd 3t the mampmajian lipfeyag degipd from
Hosel [ Hasel becCHOKIZATCC No. CCL61 CHO-K1). AmO«l&mtﬂlyymbmmmgaumweﬁ?mﬁau line

(1990)]. The st aisiieioR] BURBR HERNGHERRSES L. S1aSn FRALHAUNESY: SrbndeRb LONFT

except
18- 10 VORI R gd983) Proc. Natl 'Acad. Sci. USA 80: 2495-2499 Urlaub G., and Chasin. L.. (1980) Proc. Natl.

PCT/ US96/ 09284 Acad. Sci. USA 77‘321&1!‘22[0?1‘@59!!-“03@!!%0&88! ateellling Widrareigcet equirement for insulin by
pol yvi nyl i dene m&wm%mm Iu@sﬁmﬂr;&fpﬂ&uﬁmﬁb&wﬂp%ﬁw@mﬁ&%ﬁsﬁdw

t he bl ocki ng buf eg)t ed 5%} ?{)&we serum a bum r1sh tris
buffer. pH 7.4 sl soe P CURE A vopsEphing pag yrading £og groth. s
ant i - di goxi geni Heftiw!si“lfﬁ&ﬁ@%s#ﬂpmed with an al kaI i ne phosphate conj ugate
(Boehri nger)is | 31000 Cahisthugriol Q/Ghbheaal | Ne usi ng t he phosphatase

substrates, 4-nitrobl, ‘2 SCIRT
5- brono- 4 chI or o- 3- |n % ate 8"%? %M%‘f&d&%ﬁ E@“ﬁ’upg'dmn -
9.5. c on P MY BingeTHioR 1Y Snt 41 Cid dpmains of J: hepprrbadp (firher

The protein bands'l'l*ﬂ?m-ﬂﬂ.)nl ng ' car bohydrate are usual ly visualized | n

about 10 to 15 MiN. Thehuman Nﬁaéqm&mw&mw %ﬁ@&%@%'ﬁx&ﬁd

by digestio | I rding to t

procedure t hnz Q’f“g‘fﬂ%k @%ﬁﬁdﬁﬁ%ﬁﬁf%’?)ﬁﬁp W"“g il p’ﬁ‘&‘ﬁ‘t 4-1p plggenal
0. 18% SDS. 18 n@%s‘mﬁ%b‘@a’m’ capm)yasinserted Iitp the niGmatah ¢xprossion vertor PRES, Ghe qoustiaeion)
at pH 8.6. and lewidds dboriddh Erevub]No. $07124% published 15MaRh 1939, OhthAWa lcleotide

t t ' t
L ronted furt hor PRATR! ol Saklel bt by bflckel Bl Wﬁ%‘mﬁ%‘s‘“‘“@“ﬁ sbfhertan, 1Ot
adj usted to about 1%HHP°“!FB° e {25 erending e i the B4 PRKCD“Fu[Capon \

pept i de- N- gl 35c 0 ilcknal cNdure 337, 525 (19BBytet ah JNange 344660 hmmgabmmmdenaﬁmg
37[err] Cfor 2,k M%ﬁ\f&ﬁ%&%ﬂi&?&dﬂ: 0T B0 MR hublaREDEGroElE eowo N-terminal cD4

el ectrophor ési s. Tunmor Necr.osit s, Fact or Rece%t or-I nmunogl obul i n

Chi mer as aiae e domains) fpsgd o hygan Jg Spquences gioning plasperic acid 4P (aking amino 310 1 {4 g the
present inventi ﬁmmqﬁ&ew‘tyshwmeemmmndeS@mesof?rotemsofﬂmtmlpmﬁm or

(TNFR) - I mmunog! e kdiden (158 wﬁmmfﬁﬁmﬁsmm hidge RrethEdyhdnd r@mwomlusmﬁb

of chimeric, rotel 515 WIglhe s%pg #ﬁ%ﬂ}&F%éﬂ%e The l

TNFRI-IgG[err] C‘H"lmera Bl e user ’fea
di agnosi s of many Tm&%ﬂwwmmr%!%wc@ee@wﬂﬁﬁﬂ?%WBETWFR?H%

term "treat ment pREAD4F) ekl lifatif thor, usR deletiorial Mihadhesss, sb thlihrdafiifif tajaEI7H bfimature TNFR's
gg:}g;’teir‘g'n?“) + SHRREBSES 18 Dpdre Jid resiBle 236 SDIHD HAW cnd(Katal Sﬂi T, e r&ﬁln&%ﬁ%& ng
pRKTNFR-IgG contained the full length coding sequence for TNFR. IgG, -
35 C. Celi Culture '
The gene encbdii_ag the soluble type 1 TNI-R'-Ig'G;m introduced into dp12.CHO cells by transfection. .
This was accomplished using the calcium phosphate technique for introducing DNA into mammalian cells. Two
days following ransfection the cells were lryps:mzed and replaued into selecuve medium (glycine-h ypoxanthine
and thymidine free Ham's F-12 DMEM. i:1 v/v with 2% dlalyzed setum) Subsequent isoiates were screened
40  for secretion of TNFR1-IgG,. Clones expressing TNFR1-IgG, where amplified in methotrexate yielding high
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The pat hol ogi c condi tions associ at ed'-vvi'_t h TNE include but are not |inmited

to gram negative and gram positive = bacterem a, endot oxi ¢ shock,
graft rejection phenonena, rheumatoid arthritis, systemc |upus. Crohn's
di sease ewdgajdzgg aut oi mmune and i nflamrat ory di seases apCTUSIGN2E4
W th TNF. The TNFRI-19G preparations of the instant

i nvention are useful generally in those indications where 25 monocl onal
anti bodies to TNF h&tﬁesﬁﬁ@ﬂotfe@ihﬂdub’&eﬁueb@ adiipRell W serul Giice, inktfidr Mhse cé118 were usled a continuous

model s. monocl onal’ e ] ieﬁﬂ %ﬂf ﬁf&f}@d}(ﬁﬁ %-L‘QHE}Q :&:Qnsxla@yf‘?mmoculum

pr otective effect when e

(1987) Nature 330:6 .2y'°V'4°ﬁ=1 f"b ’ﬁG E!MP%W%?‘&@M@%WWBW“
A R et at.. (1990) &oﬂmﬁdl%&ntixﬂxiﬁmthouexatebys&!a!mbwm&um nodseurmincrmhg volbrlss td gowth

r ecombi nant humam5 TNEaf DRt ﬂ%c‘l&eo BE 088 bi6ps YR brad il hoif QLR drdan fum was

human patients with severe septr C'S TNFRIéé? err I'S surtabl use

the treatnment of rhcOMRFEAM Fal baird formulation (see UrS, Peient 3.122 @b‘f"f"ﬂpﬂwﬁ““m“m"“‘

In a method of tr eatdfsage dmpinsrameh apgtucoke amingl&ids. maenanmiw\ﬂytnh.ﬁﬁbﬁamme and thymidine:

therapeutical ly actiyenaanuiian A o hyolyaed b MMQEBJPRW?&.?‘H& bﬁweagentsuch
suc e su

adm nistered to a sub{)ect [N nee treat ment pre rre
is a ~ hunan. luronic F68 (pluronic polyol)or the pquivaeat: Geptamyein: Lipid and\paeg clements; o r]
gl ycof on preparaté on of Theculrstvareiconumalegmt pHRAR -0x4 Hylte uterot GO, pesTbeid3 &nd /or OVR,CO; (base).

di sease or disorder ugﬁ&,mmﬁan&ameam ik i pedd BikdBRdd oRYRt s wainBfulled HoVe 5%
| ng-75 ny/patient a %

referab et ween about 10 and about 50
my/ patient. ”“W%B’Fd"ﬁﬁfﬁ‘%l“gﬂdh‘l”%'%"% EB¥NFRI - 1 gd err]
preparation shoul d be f oTheAsmolality duridgaheduvculyupaxpapsicn phage was maintained ihetwern shews 250060sm and
or therapeutic conpagphba). Such a conposition typically contains a

t herapeutically tive f t he FRI - | aration and

a pharmaceuti cal accep?ﬁ‘tﬁ"’é’"‘é’g%u%' ﬁ’l?l}‘ ’g%#@?ggﬂ@ng phyfy wherein culture
buf fered saline. depammesss weas chapgedoirom Mmtomdm coridisions.c Swmingithiscransition phase the
specific stabilizi nm&&%@m%mmmﬂywabombemMmd%"C Butyrate was added

- 16- WO 96/

PCT/ US96/ 09284 W tein s iality range was cogased. Progust sceumulatefl during tis proguction phase was analyzed
anest hetics for inj ersiglisagid¢eopeBositi ons, | ncI udi ng. for exanpl e.

| i docai ne. 20 Inazypﬂaq,rqﬂmsmﬁmulmﬁaﬁm 1080 ' dmﬁmmmsﬁd:hm&n expansion

anti bodi es. anti bodi®s4um yps fygplemented with wage clemepts. ed peptone. The ceils
associated with TNF vpteudwmmm;seengnmrotzdaysarmhtsmaofmdwmwmmmofﬂwceﬂculmwas

A preferred ther apeluefd. SammRMl b gﬁéﬂ&b&uﬁh&%ﬂh'ﬂﬁﬁn&bﬁ@mﬂ@&umlmm
‘above, corrprrses?esi r&ﬁvel é‘ﬁ%‘% arat | o of th e Seen wa
i nvention whi ch &hi W%f’%‘ﬂ'b‘gﬂ" 1 'é’f yl‘M"f‘ﬁ agiqus, Bedia fAPRoR® Fe?éfwﬁrﬂﬁ“

signi ficant functi omeder these ponditians with fedding fqn PP dayy e Fellnwerk f5d) sheniaeredsary wifhevarious media

whi ch further conpriggg, Whde& @bvimin & W'gg'%“ m, o@‘gb wth
additional active ingre |ent g’%g as m)n"(‘) ona antr od] €s E S!PE'“W

permts si rrpl i fied. chaforttiz.dose admi nistration and contri butes to
potency in vivo. Preferr ER ol I j ;Pﬁ utic
conposi tion include the %%51% Ig%rr :Qﬁu t-‘%r%é'%f)”gllra I ons descri bed
herein, for exanple: (1) TNFRI -lgd err] preparations
conpri si ng a conpl ex oli gosaccharr de term nated by one or nore

resi dues of a sialic acid: - (2) TNFRI -1 gJerr]
“preparations wherein the range of i soelectric point, pl, of the preparation
IS _ between 5.5 and 7.5 as determ ned by

chromat of ocusing, in which the pl is sensitive to



15 neur am ni dase treatnent: (3).
TNFRI-1g(d err] preparations having about 1-2 noles of exposed

N-acetyl gl ucosam ne resi dues per nol e of prot e| n.
(4) . TNFR gjggﬁs%] preparations havinga nolar ratio.of. S‘Lb'?‘l’#w
protein of especially abou -b. 20
(5) TNFRI-1g(d err] preparations having a molar ratio of sialic acid to
N- acet yl gl ucosam ne of about -~ . 0.35 to about 0.5.
and nore preferably of about OA to about 0Tap3e I Rout es of
adnini stration for the individual or conbined ther u .corrpo ons , of
the present I nvention include skmnanky s.aouiélve‘éguggﬁ&c:@ as. iﬂéﬁ ..agfd
exanpl e, intravenqus infusi®swrere bo I uS PFIfeePh on, DPecween day 5 '\’FRJAIIQRa on

provi ded i s the usieditna TNERITLG rrfmd;;ngpﬁg,at i oﬁgpga"thl S i n\fﬁﬁy.ngﬂ in
t he manufacture of a 25 nmedi canent for the treatnent of a human or

ani mal . - & Having row gener at§%43fescri bdSthé i nvehér b, Ne
same will be gore readily underqtood thromhno 1l eizerzence d.9-4 Re ye3
fol | owi ng exanpl es vvh| ch are pr OVI ded by illustration, and are not

i ntended to be Iinmiting of the pre§)é/?1t i nventi brf unl es$- -Epeci¥ted.
30 The bi ol @gi cal effegts TNF-al Phhagmnd TNF-zbeI;_agare neglAlgety=s

t hrough specific receptors (Denbic et al., (1990) Cytokines. 2:231)
Mol ecul ar cl oni ng ha$ denonstratfed the exi®¥r#ifce of e 2dPst i nctStérdedi=af
TNF receptorg (TNFR) wi iHh apparent 39l ecul ar. m;xs&es of 55$<D (taepe
) (Schall et al., (1990) Cell 61:361) and 75 %ty (Smth et
al ., (1990) %Bience 548:1019). ¥ch of whi%@R*Matural Py 9'b'5l ds tcf ot-R TR
al pha and TNF g beta (Loeischer et galo-4301990) @eblz 361 3518_§bald=3et
al., (1990) Cell, 61:361; Kohno et al.,(2990) Proc. Acad. Sci .
USA 87:8331). The exfracel | ul arthortions SP-#6th recép?tf‘r‘% are’f‘étﬁ‘la N=3
naturally as soluble TNF bi nding proteins (Kohno er al., supra).
TNF agoni st's havid bedRecavervofithe INER:IgEh bl ock .t he del et eri ous effect of

TNF in various i munemandRiGi6 lmwmmwmﬂemmw -affinib b

inatdlgraphy
Exp. Med. 4: 1483- ch %2% lﬁni 142 '1335-1338;
Howar d. O M %5 %d&ﬁg % %&%W%a?mgg 6’%"2’% Eg%
Wool ey. P.H.. (19‘?93) Sarbohydenednalvsis 51: 6602- 6607) . One such agonisst (\Werner et
al. (1991)J. Cell. BiSliduektrontsnt was analyzed by the method of Warren, L. (1959) 1. Biol. Chem. 234:1971-1975.

- 17; } V%@ 39488 o
T U890/ 09254 o b SRR B B oS e B i
of the hi nge2@ngheEili¢ avigicontest ofthe WMWQ%M imEigupey1. Thediigiest sialic acid
In this Exanple mw%hﬁo&&%ﬂﬁmtﬂdeﬁhﬁdhe@aV%&ﬁﬁmmmmw@e&Mm
CDNA encoding t %any EB'mOsm. and a bulyrnuL. g)%eﬁ‘\traruln o?argcumlemﬁl %ﬁc acxg ¢l:“|o|mten could be controlled over
a wide range of values by adjusting the pmoess parameters. '
- Example®
25 Plasma pharmacokinetic half-lives and/or clearance rates of different preparations were determined.
The preparations containing a higher sialic acid content in general exhibited increased plasma half-life and/or
lower total clearance rates compared to preparations containing a decreased sialic acid content.
Methods '
Seventeen male Sprague-Dawley-derived rats weighing 272-315 g were randomly assigned to one of
30 three TNFRI-IgG, fusion protein treatment groups (N=5 or 6 per group). The animals were injected
inravenously with a nominal dose of 5 mg/kg of test material via a femoral vein cannula. The test materials

chosen included two TNFR 1-IgG, prepararions from a process in which the butyrate concentration during the
production phase was 6mM and the osmolality during the production phase was maintained at about 400 mOsm.
Process I, and a third TNFR 1-IgG, preparation from a process in which the_bmyme conéenuation was 12 mM
35  and the osmolality during the production phase was about 500 mOsm. Process lI. Two mL blood samples were
collected onto EDTA (8.5 %) pre-dose. and at S min, and 2. 6, 10, 24, 34, 48, 56, 72, 96. and 120 hours posi-
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A - Cell Line The Chi nese hanst er ovary (CHOcell Iine

used ‘as the mammal i an host cell line was derived from CHO KI (ATCC
No. CCL61 CHO-KI). A CHO KI mutant di hydrofol ate reductase (DHFR) deficient
cell line wo stasid CHO KI DUX-B11 (DHFR) (obtained from Dpcriussimezssn

of Col unbi a Uni ver sity: Sinonsen. C.C.. and 10 Levinson. A . D.. (1983)
Proc. Natl. Acad. Sci. USA 80:2495-2499; U laub G, and Chasin. L.. (1980)

Proc. Natl. 462 081003 Gshinplds/ Sere Echirihupd £ pidsid Rarveiats arfdhiRharkified Analy@ed Jdd ledtcdhralions of
cell line with arequlae%xqu{&t for insulin by transfection
with the vector contalni R

for the preproinsulin (Sures et at..
(1980) Science 208:57- 59)An=n=m'mk=dmm@°'%?lé@tb€lss’@¥W@smi%ﬁﬁ%“%%&mm*

requires glycine. hypGxantjusie. ThRadaytid based oi theaabiliy lof TNFalhicouglddushorseradish peroxidase (TNF-

verifying their DEF%I&\Q RRSYdWind o tilesrecepta"&omorl of ng?ﬁﬁltl I thanlRﬁ:Q&n %% ﬁ FY Rdgmlats of

TNFR-1gG err] Chine ype |
chi mera was constr uc%&“‘ﬁ%%@‘?ﬂ%ﬁ%ﬂ‘“&#@?ﬂé‘%‘?w Ry interaction with

human type 1 TNFR W thé\Fd dogiohiofiigencleaus a'NFalpni HRF[ves ddfied admtle i s nijowelhirdihd ws the feceptor
| gd er ',] heavy chai Eno‘é{oys % tMHﬁﬁ glmnzxﬁcanon w@%etmﬁa bylngglrgrﬂJnJJf a color produced by

The human type | nco ng DNA sequen see Loetscher ‘et al. Supra was .
obtained fromt he oRgection G psTofidase YiiRRergrige apd aaprtha phenylqnedigmine (QFL) pubggrgee. The minge of the assay
(1990)]. To constipucis 0.003it50.62 rag/hil. (The pleaoaiofEDTA iRthd plismp bampleswag shown to have nacdlibbéion the
clone (Schall et at. Wmmi nserted into the manmal i an expression '
vect or pRK5, the constructio described in

307. 247, publ i shed 15 Markhdopeys sorpyfzzd & i Rl g S e reses. Al Gcuitons
position 64 of the seseimsmden coemmtlvdmby tifpo datasigbugly the 120kt timepaintt Trutcpred area under the curve

initiating nerhioni nQucllSaiaic hife @&Pezoidal rule and weig ht-nomahzedmﬁ'caﬁ@él&ﬁﬁ'cemw“s '

lgd err] encoding_s nce -1'gG expression plasmd
pRKCD] err] F[err] *’[C%Jé@ﬁ‘ XESA‘S%‘% et al., Nature 337,525(1989); Byrn et
al., Nature 334, 667(Resf9)], containing a cDNA sequence encodi ng -

hybrid pol ypeptide consi &fuaaa %mlm&gawam&smanmwwmmmmm

protein (two N-termn Us§ |
g err] sequences begl nmf‘°r‘1'§°f’f'ﬂmwda°rmt“|"?m ?%1? dm'vﬁ%“ﬂacmﬁsﬂ%mm“

t he first reshesandgimdarddeviptions fombigsudy Bemesen t“TP@gi?bﬁlP“[ Reppray [ cghibity slower and:
Sequences of Prokei Nhordfavolbletedmdnaegieal | nt er est 4th editi on(1987)]
which is the first residue of the g3 err] hinge after the cysteine residue
i nvol ved in heavy-light 3 0 chai n bonding), and ending with residue 441
to include the (Jerr]2 and Cerr]3 Fc domains of IgJerr].

TNFR1-1gd err] was constructed by generating restriction fragments of

pl asm ds pRK- TNF- R and pRKCD4[err]Flerr] and ligating them using
del etional mutagenesis. so that threonine residue 171 of mature TNFR' s

is juxtaposed to aspartic acid residue 216 of Igderr] heavy chain [Kabat

et at.. Supral]. The resulting plasmd PRKTNFR-1 gG cont ai ned the full
| engt h codi ng sequence for TNFRerr]lgderr]. 35 C. Cell Culture
The gene encoding the soluble type | TNFR-1gJ err] was introduced into
dpl2. CHO cel |l s by transfection. This was acconplished using the

:cal ci um phosphate techni que for introduci-ng DNA into mammalian cells. Two
days follow ng transfection the cells were trypsinized and replated into
sel ective medi um (gl yci ne- hypoxant hi ne and thym dine free Hamls F-12
DMEM 1:1 v/v with 2% di al yzed serun). Subsequent isol ates were screened 40
for secretion of TNFRL-1gderr]. Cones expressing TNFRL-Igderr] where
anplified in nethotrexate yielding high WO 96/ 39488

PCT/ US96/ 09284 _

-
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expressing clones and subsequently adapted to serum free nmedium These
cells were under a continuous sel ective pressure until transferred
to nonsel ective medium for growth and expansion of the inoculum

To provide r TNFR1-1gd err] production cultures. th ul ation
descri bed 'ag@%/%ﬁ\%éé expanded fromthe nmedi um cont ai ni 'S’ r%'?#gt rexat e
by serial subcultivations in vessels of increasing volunes to growh 5
medi um cont ai ni ng no net hotrexate. For theﬁ?ﬁﬁ gteps of the process the non
sel ective growth nedi um was 12 based fornul ation (see
U.S. Patent 5,122, 469. for exanple) W|th nodi fi ed concentrations of
sone components, such as gl ucose. arLBARANCEDSI20 ;dlhtAe) sugar. Vvitam ns

gl yci ne, hypoxant hine. a ym dine: . ess] T ECONDI N LesdfmBN i nsulin,
hydr ol yzed pept one (Pr| mat one HS or PI‘I&%%-I’!IE RL), a ce protective agent
such as Pluronic Féd2 (pluronic p%ﬁ’syol) or t he edfﬁ’l val ent :
Gentanycin: I1sipid and trae@elenents. 1Bt "The 2@ tures were
controlled at pH 7.2 +/-0443by . the use pjg COerr] gassgpcid) and /or
Na[err]Cderr] (base). Tenperature was control['ed near 37 [err]C
during the growth period. '8 ssol ved oxyg#h was nai ntatfed above 5%

of air saturation by diredsssparging wit9 air and/ or amygen gas.

The osnol ality during the inocul um expapg on phase wagggrai nt ai ned bet ween
about 250 sm and §50 nsm 15 The ¢ ﬁ“a wt h phase for each
cul ture was ‘ol M8Red by a'dbcond phase B transition %1 se wherein culture
par anet ers wer eSEEhged f P8 optimal gr®W h to produce#dHn conditions.

-~

During this transition phase the terrperature of the culture system
was decreased generally to about between. -35[err]C. Butyrate was
added ‘and a certain osnolalit rangém'f/va engaged Pr oduct

h
-‘
o2
P
&
'u
L)
-
|2
u
I
=

accunul ated during this prod&Sa , : G, for sialic
acid content. 20 Determination ofblrgoﬁcch#iﬂé mbhy&a@mﬁsluwsm&maﬁprgoﬁml y

1.2 x 10[erch ogldggs, g% W%ﬁﬂﬂﬁ‘ﬁi&d%%&ﬁﬁﬂa% cess versi {lﬁ/ of

sel ecti ve st age I ng OSITD
. 300 -nsm The ngﬂm“’” %g’wﬁf’dﬂ‘f’{éﬁéﬂﬁe‘ WPPF

reconbi nant huntom infensce) acresgibiitly bFblr woisia ©onapre@: o Reactose! teemas. ISIovvplmm cledriddecvas

grown under thewhwgﬁmﬂ&cw&dﬁt the start of the third day the
tenperature of the cell e | owered. Sinultaneous to or

followng the t er SOdI um butyrate was added to the cell
culture and2985 t hemsmeuasmmw@ﬂnm the Imgthqds qutlineds asdegrribed dh Exgmpiel Haboyeon

of various nedi m&&mwaﬁwmmmwrcﬂmeruammmmaﬁmdmm SEAbduH00 nbin NS

With feeding fOSun &ﬂ%&p@%ﬁéh&dﬁ%}ﬁﬂrﬁﬁgcr XzXMb IL:S%“S

medi a e pro
condi'ti ons for ?fa'f’ Ilgy of abgpt SR Qs Sring ths praducting phase
| B.  Methods | .
25 Release of intact neutral and amino-sugars was determined by high pH anion-exchange chromatography 1

combined with pulsed amperometric detection. Analysis was performed using the following steps:
1. Buffer exchange was .performed with TNFRI-[gG, (approximately 50 pug/ml) and the
appropriate reference samples so that the final sample was contained in 1% acetic acid.
2 Approximately 90 11g TNFR1-12G, as well as samples of reference materials were frozen in
30 adry ice and alcohol bath and the frozen sample lyophilized overnight.
3. The freeze dried samples were reconstituted in 500ul trifluoroacetic acid and incubated at
120° C for 1 hour. . 5
4, After acid hydrolysis the TNFR1-IgG, and reference samples were cooled and evaporated to
) dryness. '

35 s. Samples were reconstituted with water to a final concentration of approximaiely 0.6 mg/mi.
Separation of the monosaccharides was performed at ambient tlemperature by high pH anion
exchange chromatography with pulsed amperometric detection using a Dionex CarboPac PAl
(4x250 mm) column {Dionex Corp.. Sunnyvale, CA).
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-19- WD 96/ 39488 o
PCT/ US96/ 09284 s ' Tabl e

| | Cel |
specific SI g . ,
Csmolality inp (fﬂ}é?@ ity - content of PCT/US96/09284
Butyrate producti on bet ween day 5 TNFR1-1gGerr] on
Process concentratign f individual qu .
10 versi on ( ngtF?n%%ono indivi onosacc % mpmson?refefac)em charides.
(nol / nol ) C. 360- 420
6-1 ,'5 6. Ihe}elﬂlve fioldr contenBof each monosaccharBe in the two preparations are showrilin Table 11,
480- 510 below.~ 2- 6.0-6.3 N=3 C
6 - 460 4.8 4.7 N=1
D . - > 6 370-420 (IABLEMl 5 4.2 g
5.5-5.6 N=3 E 6 350- 370
1.4-2.3 5.4-6.3 N=3 RELATIVE MOLAR CONTENT OF MONOSACCHARIDES
390 4.0 S ITWO TNFR{ZJG, PREPARATIONS
12 490- 510 _ 2.9-5.2 4.0-5.2 .N=4
H 12 o 400- 430 2.0-2.8
5.8-6.0 N=3 Monosaccharide | ProcessI 12 BrocessI1 370- 380
2.0-2.2 5. 5- Puddse N=3 D. a43:02Recovery of thesBNFR-1gG
The TNFRI-1gd ery %I;hh%gera was purifiedgta 3greater than 95%honmpgeneity by
affinity chromatogra on i nmobi I | St aphyl ococcus aureus Protein A
as described by Cap ‘B{" al , Supra. . Car bohydrb?c5e Anal ysi s
Sialic acid content Nvuesylmahyiined by the4.lgat6hod of Waren, Li1431959)J. Biol.
Chem  234:1971- 1975 sjaiic acid | 49203 | 37403
. N-acetylgalactosamine _ 0.5+0.1 _ ' 0.3
15 Ratio - . _ _ . .
 sialic acid/GlcNAc . 035 _ . 026

The above results demonstrate that the process parameters selected for the production phase of the
glycoprotein affect the carbohydrate composition of the mature glycoprotein. Preparations having a higher sialic
. acid content generally exlubued prolonged serum half-life.
20 Tabies IV and V presented below demonstrate the carbohydme composition of the ohgosaochmde side
chains of the TNFR1-IgG, chimera preparations produced under process 1 and process I type conditions. Table
V presents data for carbohydrates on the receptor portion of the chimeric molecule, subtracting the F,

glycosylation site.
Table IV
BL R < 5% BL BL BIL 418
25 SalicAcid S8 53 53 58 37 35
Fucose 40 40 36 a1 44 43
Gal NAc 03 02 02 04 03 04
Glc NAc 129 . 150 148 14.3 143 144
G . 14, 6 11 70 47 4l
" 30 Man - 120 120 . 100 120 125 19
* Ratio 045 0.3 039 041 0.26 024
SA/GlcNAc

223



Resul ts Cel | specific productivity for each of the
production cultures described in Table I was plotted against 20 t he
sialic acid content :of the harvested product. The results are present ed in
Figure 1. The highest sialic acid content was observed when ocess
par aneters WK@PESME¥ nt ai ned at a production osnolality of TR0

360 and 420 nOsm and a butyrate concentration of about | mM Sialic aC| d

content could be controlled over ' a w de range of values by adjusting
the process paraneters. _ TableV
Example 11 25 " Plasma pharmacoki netic half-1lives and/or clearance

rates of different preparatigps were detggm ned. The prepagations
cont ai ning a hi gher sialic acld content gener al e7{"‘n bited in ased
pl asma hal f-1ifeM p‘d/ grposed  3.1§ gper t ot aP3cl earance FHtes conparé#to

preparations conf ?f@'“%l‘ decreased sialic acid content. NEt hods .t
Seventeen nal e SpLaq eygferived ratgggWei ghi ng 24&2- 315 Wep S random y
assigned to oge %m& ree TNFRI-1gQd err] fusion protein trea rrent

groups (N=5 or 6 per gr oup) The ani mal s- were injected i ntravenously
with a nom nal dosemenfae5 ng/ ke of test nmaperial via edsfenoral veggy cannul a.
The test materials chosen included two TNFR1-1gd err]. preparations

froma process i¥alighiseih paie b¥Utyrate condéntration fing the 65

producti on phase"‘%s 6mM and the osnolality during the production phase was
mai nt ai ned at about 400 nOsm Process |, and a third TNFRI-1g{d err]
preparation froma process in which the butyrate concentration was 12 nM 35
and the osnolality during the production phase was .about 500 mOsm Process

and at 5. i, ands S oo 1y o oot o 8, B o
-20- 10 \)\gsialjg acidyterminated mono- bi- and triantennary complex ollgosaccahndes It can be concluded that the

PCT/ US96/ 09284 TNFRI-IgG, preparetitiy ®rocdst Niokiaids a SigdifRantty\igher pecptiticn otﬁaed-.;d ahd Sefeimicantly
harvested, and tjpg. t%{i@?cloﬁfe?&@edﬂcﬁ%fﬁﬁm MPQ&J&H::PQ&M lhTt maann! would have a

TNFRI-IgG[err] fusr n prote )
i mmunol ogi cal  arl8™isaYesEs mﬁmmﬂﬁgﬂas%gmm%& WWMFHW-
TNFRI - : thegr(Epsalis aljo indivate thit the sigwanpiasmd Heagance ofByocess Emdssisiokrelaes Withdovabixpasddy
gf '(Ij'N{: altﬁhalgomimmrml?mtgﬁhmg@;me (TNF]: 5 al pha- HRP% hto
in o the receptor [ e usi on R n s
assay. Fab fragments-'%t8 N'"q‘P %iﬁﬁ’%wfn@ coated G Hpekvﬁe?l'ls%“%'?"‘!
mcrotiter plat W%W@@fam@cwmm@ml -15G: dreperatiopscpasise THFRh
the Fc portion GﬁGtMecﬁlEﬂlﬁﬁﬂﬂaﬁout FMolékpracﬂﬁﬁuoﬁddﬁdwﬁﬂniﬂiﬁnmfbﬁmﬁﬂﬂm
all owed to bind Tmﬁ&mm H('ﬁ %%ng,
TNFRI - 1 g{d er rJ “E%?z‘antl {I cat1 o was tgﬁ‘lﬁ% ‘?e surerrent o “émg{) o'crmd
produced by acefylgiapqsaming fﬂ“"b A4S Wit h per oxi de and an \
ort ho- phenyl enedi am ne ( OPD) substrate. TEsmpleige of the assay 10 IS

0.003 to 0.02 nu/ . TR\R ofthehiefilFSatyifed brePhidntis M‘&%ﬂ&uﬁ%ﬂﬁ&ﬁﬁyﬁt@%ﬁmw
to have no efferﬁan t he performance of the as

The dose was no ed to account for dosing soluti on concentratl on .
di fferences. Al cal dsotlsxif fosusing was performed ferithe visious preparstion deseribesyin Fxampicdh Theisosieptic

tinme data thgugeusikicpeld sephrdtd thel glyBSpRIRinS bf. the brepkddtion Rébrdih @3heit id@dcrrit Péint Pl ndir a pH
gradient created with ampholytes of dlﬂ'emm pH. In this study analysis of the preparations was performed using ;
a pH gradient of 10t0 4.
Results

The TNFR1-IgG, preparations exhibit an isoelectric point range, of about 5.5 to about 7.5 as determined
30" by chromatofocusing, in which the pl is sensitive to neuraminidase treatment.
The references cited above are all incorporated by' reference herein, whether specifically incorporated

or not.



(AUCterr]) was cal cul ated using the trapezoidal rule and wei ght-nornalized
truncated cl earance (CL[err]/W was 15 cal cul ated as dose/ AuC err ]

Resul ts C earance rates varied dependi ng upon the process

ver si on utilizeqwgahﬁﬁﬁ§s | -conpared to Process I1) a”quh%ﬁwﬁﬁﬂﬂpt

of sialic acid present 1n the product. C earance rates for individua

animal s and the resul ting nmean and standard deviations fromthis

?r:) :jl gyf 2‘{/ g r glroleze(r:]f ggr :’;IEC -eraVrpl!g 3 éhls mvenuor(ljyxyns bee el e‘gr%élbcﬂﬁnémoplvrthssp@l et%men%w«eof gwnﬂ be
PCT/ US96/ 09284 understood that it is capable of further modifications. This application is intended to cover any variations, uses.
Tabl e 11 or adaptations of the inventions following. in general. the principle EARRNGEEnibn haDincluding such
I(:’T(;é Qg/s k Ig? departures from the present dlSP Js%@ ﬁ%&nel within known or customary prnE %9 Soﬁgﬁﬁhe art to which the
2 144 * 5 5. invention pertains and aymgy-be apphed to the essential features hereznbg'g_re set forth as follows in the scope
2.99 of the appended claims] . 63 2.20

2.61 - 1.89 _ 2.22

3. 27 1.85 1.99

2.82 - - ‘1. 66

3.42 10 mean 1.91 2.08

2.88 STDEV - | . 0.02 0. 23

0.45 Exanple |11

- MONCSACCHARI DE COMPOSI TI ON OF TNFR1- lgd err] Det erm nati on

. of oligosaccharide carbohydrate conposition and structure of TNFRI-l1g{derr]
" prepared 15 as described in Exanple 1 showed that the sialic acid
content of the various process version varied. Rapid pl asma

cl earance was associated with high exposed A cNAc, |lower sialic acid on the
ol i gosacchari de chains 'and - (by inference) accessibility of the
protein to mannose or gal actose receptors. Slow plasma cl earance was
associated with nore termnal sialic acid residues. A Sour ces
of Test WMateri al 20 TNFRI-1gd err] was produced according to
the methods outlined as described in Exanpl e 1 above. Process

mat eri al was. obtained fromcell culture using 6mM butyrate and an

osnol ality of about 400 mOsm - during the production phase. Process
material |l was obtained fromcell culture using 12 nmM butyrate and an
osnmol ality of about 500 wGsm duri ng the productlon phase B.

Met hods :
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nron el INBINEHIEIREI - or corapny™ " *"combi ned v th puised -

anper onefi c® detedti 8n. *Anal ysi s \J - t-he foll owi ng steps:
1. Buf f er exchange was per f o iélS GHERT HASRBEEN(H erv] (approxi mately 50

[err]g/m) afP 9679488 REPLACEBpPropfi at e r ef BFEHES92MpI es

so that the final sanple was cont aci d. 2

Appr oxi mately 90 ‘%@éﬁsw IgIgG{err] as well as sarrpl es of reference

materials were-fr ~adry ice and al cohol bath
and the frozen sanpl e H yop#hiptotessder conrelling teppmount of sialic acid present onanolxggsacchande Sidg chain
freeze dried Samﬁﬁvcwﬁét&nﬂrﬁﬁ&msﬁmidﬂaﬁﬂcdllﬁulﬁﬂﬁ[hﬁﬁd’o]nbnsisrIf| uoroacetic acid _

and incubated at
n After acid hy dr O yn§|m§ m?rﬁnahﬂ\lngﬂlcell in %{'&Q‘I‘f‘{ JhlsegE IIIC ture wnlgh xg characftenzed bv r et

cool ed and ev@or ated to ¥ addmgana!kanmcacn asalttl’nerequo)ﬂngggulmagacgzcenmonofabout
5. Sanpl es were reconsti t UtoeichMid aBouV\EUofM: ahdO - a final concent rat i on of

approxi mately 0.6 ng/ m . i) ar?a:ma:r%nz the osn)[%lal%of lhe%ql%[l%ta{ ﬁ&u %0 ui_?boul 600 ,

nmonosacchari des was perfor Red erature
exchange chr omat ogaphy: wi tﬁwmsseaccaﬂwer'wwrh E’*“&@t'@t%ﬁ Sialigyacid msemex the
Car boPac PA| oligosaccharide side chain of the glycoprétéix i3 Mtredsdtlandvhbreiin ( Di onex Cor p. '

_Sggflyval €. % 96/ 39488 cell specific productivity of the cell culture is decreased by culturing the host cell ata

PCT/ US96/ 09284 concentration of the-alkanoic wwasm thereof efﬁibtm 0.} tocpbopt M jand mmmmmng the
nonosacchari des was bysmolaitp arabsu0300-850 mi®Mmer ence nonosacchari des. C.

Resul ts 3. Thenk Gbald ovamﬁekm.cﬁmmmzn@:cmn rmnosaccharl de in

the two preparatlons are shown 1 n Tabl e

TABLE 111 _ The process accordin 8“?&%&&1’1‘%“’9&%&?&“%&??"@&‘“‘““‘”‘“
MONOSACCHAR! DES 5. The process according o claim 4 wherein the glyddprOii) pickibcR is | agiGfimanaliah
PREPARATI ONS  giycopraeffDNOSsacchari de Process |

Process 11 Fucgse - 4.30.2
4A 10 Gal act ose 8. mpmacmrdmgtoclalmsghegﬁmﬁglycopmmnxsamnormcms:sfacmrmepm

4.7 Mann o demunoglobulin chimera. 12.2[err]0.6
125 N-acet yl gl mcOSaThe pcess of claim 6 in whichkib.hddd cefl is a dp12.CHO cell line transfected with the

14.3 r10.3 %oal 'v&:mﬁfhl-rﬂ g[the ¢DN encodmgasoluble type ] mﬂnor%Lc‘?JszQ %gmammunoglobuhn G, chimera.

3.7[er ga act osam n
0.3 15 Rati o The process according to claim I wherein the amount of sialic:acid present on the

oligosaccharide side chain of the glycoprotein is decreased and wherein;
cell specific productivity of the cell culture is increased by culmrmg the host cell at a
concentration of about 6mM to about 12 mM of the alkanolc acid or salt thereof and maintaining the
25 osmolality at about 450-600 mOsm.
9. The process of claim 8 in which the host cell is 2 CHO cell.
10. The process according to claim 9 wherein the alkanoic acid or sait thereof is sodium butyrate.
1L The process according to claim 10 wherein the glycoprotein produced is a mammalian .

glycoprotein. : . : i.
30 12. The process according to claim ! 1 wherein the glycoprotein is a tumor necrosis factor receptor-
immunoglobulin chimera.

13. The process of claim 14 in which the host cell is a dp12.CHO celi line cell transfected with
the vector carrying the cDNA for a soluble type | tumor necrosis factor immunoglobulin G, TNFRI1-IgG,
chimera.

5 14, A process for producing a tumor necrosis factor receptor-immunoglobulin TNFR1-IgG,

chimeric protein comprising:

This Sheet Has Been Reﬁlaced
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sialtc acid/ G cNAc 0. 35 l!ll! M “I II! l!ll
The above results denonstrate that the process paraneters

productlon phase of the - dr t he carbohydrate

conposi tion of gs@wre gl ycop dns having a %&Hﬁ@%m lic
aci d content ge‘?@ra y exhi bit ed jed alf-life. o
Tables 1V and V presented bel ow demonstrate the car bohydrate conposition of

the oligosaccharide side A2) C%i:d?iﬁ PJWM&JJ,\JF&M:&%E&Q Wcﬁimmmaﬁmwth

prepar ati ons produced under process | r ocess condi tl ons
V presents data for carbohydrates Rﬁﬁe'f“ﬁﬁ"'}"g dﬁﬂ?%ﬁ“&?"?ﬂ‘é“’&'ﬁ?‘ﬂ’éﬂ‘@“"‘h

nol ecul e, subtracting the F[err] isachieved:g| ycosyl ation site.

;Iabl: e lv oI | P(Ibi c.ulmnng (Pelhost cellina producnonphase in the presence of s&thium butvrate ata®
5 8 o 5 P . 5.8 concemranog }fgoul Gb\n&}l 10 aboutd 2 MM: Fucose :
4.0 4.0 (©) 6 maintaining the dsmblality of the productionphase at about 4504608 mOsm.
(036‘!3 NA% 0.4 0. 35 N{& process fob) prgducmg a tuingr necrélis Factor rcceptor-xmnﬂnoﬂlobulm TNFRI-[gGl
14. 8 14. 3 °"“"°“°£‘R‘°'3 comprising: 1,4 4 Gal 7.4
7.6 7.1 7.@® culturing a marrihalian host cell which Exprg@s a TmﬂG chimera in a growth
12.0 1% O 10.0 plmeundersudilc%n&mmmrapek&&nm sncnmmm&.ilnmﬁcen wih
Rati o .0.45 g ve(? 0. 39 0.4 go

- 0.26 0.24 SA/ G cNAC s

S -23- VWO 96/ 39488 (b) culturing the host cell in a production phase in the presence of sodijum butyrate at a
EICIT /' UsS96/ 09284 o concentration of about ImM to abdlt!6 mM:

(c) maintaining the osmlglality of the production phase at about 300-450 mOsm.
15 16. - The process of claim 15 in which the host cell is a CHO cell.

17. The process of claim 16 in which the host cell is a dpl12.CHO line.
18. A preparation comprising the TNFR1-IgG, produced by the process of claim 17.
19. A therapeutic composition comprising the TNFR1-IgG, produced by the process of claim 15,
and a pharmaceutically acceptable excipient. '
20 20: . A TNFRI1-IgGl preparation comprising TNFR1-IgG1 molecules wherein the TNFR1-IgG1
molecules have a molar ratio of sialic acid to protein of about 4-7.
2l A TNFR1-IgG1 preparation comprising TNFR1-IgG1 molecules wherein the TNFR1-IgG1
molecules have about 1-2 moles of exposed N-acetyiglucosamine residues per mole of TNFR1-IgG1 protein.
22. A TNFR1-IgG1 preparation comprising TNFR1-IgG1 molecules wherein the TNFR1-IgGl
25  molecules have a molar ratio of sialic acid to N-acetylglucosamine of about 0.35 to about 0.5.
23. ©  The TNFRI-IgGl preparation of claim 22 wherein the molar ration of sialic acid to N¢
acetylglucosamine is about 0.39 to about 0.45.

This Sheet Has Been R laced




Mol es exposed 3.18 3. 2. 1.11

1.32 d cNAc per nole Mol'es exposed Gal 0. 97

-0.08 1.45 -0. 26 5 per nole Gal

ant ennae 4.72 . 6. 45 .

6. 24 s ¥ipdinoes per 3.5 . 4.8 PCT/US96/09284
5. 00. 6.5 nol e The results presented in

Table IV and V denonstrate that the conpogl%ion of the TNFRI-Igd err] are
typical of 10 sialic agijg4term nated nono- bi- and triantennary conplex
ol i gosaccahrides. It can befconcl uded that the TNFRI -1 gd err]
prepared by Process | conwkains a significantly higher proportion of sialic
acid and a significantly | ower proportion of exposed GkcNAc. Sialic
acid per nole protein Lndige3gtes that this material would have a

| owner 1soel ecic point ghan ghe materi2al -odaced by Process II. By
conparison with the resul f8]in Table I1I. ¢ these results also indicate
t hat the sl ower plasnacclg ance of Proces§ | material correlates with

| ower 'exposed 15 A cslAc d generally wyth a higher sialic acid content.
Table I'V and V denonst gat g, NFRI-IgG{errb‘preparations conprisi'ng a conpl ex
ol i gosacchari de Sternmjnated by one’or nore residues of a sialic acid.
The preferred TNFRI-IgEiena preparatioffs conprise TNFRI - | gG

mol ecul es having aboutgl-2 les of exgosed N-acetyl gl ucosam ne residues
per nole of protein. T§e 30 mol argratio of sialic acid to protein is
about 4-7. The TNFRI -Igd erif] prepargdtions have a nolar ratio of sialic
acid 20 to N-acetyl gl ucd®ami ne ofefabout 0.4 to about 0. 45.

Exanmple 1V . he pl of the heavily sialylated preparation is
| ower than the pl of the ' htly sialylated preparation.

| soel ectic focusing was peg 4 - paration described in
Exanple Il. The isoelectric 25 focusi ng gels separate the gl ycoproteins
of the preparation according tioot ned’rs iod@ap’esto’ isgopoioht. pl. using a pH
gradient created with anphol ytes Yibdeicdeb gisysnt pH In this study, analysis
of the preparations was perfornmed using . a pHigradient of 10 to 4.
Results _ Fhwn?t NFRI-1gd err] preparations exhibit an

i soel ectic point range, of about 5.5 to about 7.5 as determined 3 0 by
chromat of ocusi ng, in which the pl is sensitive to neuram ni dase treatnent.

The references cited aboyggeqre all incorporated by reference herein,
whet her specifically incorperated or not..
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WO 96/ 39488 - :
PCT/ US96/ 09284 Wil e this invention has been descri bed

in connection with specific enbodinents thereof, it will be

under st ood t hatyd bgdeggsCapabl e of further nodifications. This aomhisscasnsn is
intended to cover any variations, uses. 272 or adaptations of the
inventions followi ng, in general, the principles of the invention_ and

i ncl udi ng such departures fromthe present disclosure as cone
within known or custonmary prANA| eIBteftt PR ﬁ‘ﬁe“’&?‘f“ PR t he 5

invention pertains and as nmay be applied to the essential features

herei nbefore set forth as,follows i n the scope _ of . the appended
cl ai ns. : ° s
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- 25-- CLAIMS 1. A process
for controlling the anmount of SI "H"“HI““HI";&“N»[ on . . —
ol i gosaccharide side chain of L@opnotE|ﬁ produced REPL&GEHE%@hSHEET
cell culture in a mammalian host ceII whi ch conprlses; cul turing
the mamalian host cell in a production phase of the USNOV 1098
26
CLAIMS
1. A process for controlling}the amount of sialic acid present on

an oligosaccharide side chain of a glycoprotein produced by

mammalian cell culture in a mammalian host cell which

comprises:

culturing the mammalian host cell in a production phase of the

culture which is characterized by:

i) adding an alkanoic acid or a salt thereof to the cell
culture at a concentration of about 0.1 mM to about
20 mM; and

ii) maintaining the osmolality of the cell culture at about
250 to about 600 mOsm; and

iii) maintaining the temperature of the culture at a
temperature about between 30°C and 35°C.

2, The process according to claim 1, wherein the amount of sialic
acid present on the oligosaccharide sidechain of the
glycoprotein is increased and wherein:

cell specific productivity of the cell culture is
decreased by culturing the host cell at a concentration of the
alkanoic acid or salt thereof of about 1mM to about 6 mM and
" maintaining the osmolality at about 300-450 mOsm.

3. The process of claim 2, in which the host cell is a CHO cell.

4, The process according to claim 3, wherein the alkanoic acid or

salt thereof is sodium butyrate.

S. The process according to claim 4, wherein the glycoprotein

produced is a mammalian glycoprotein.




culture which is characterized by: an al ka o)

salt thereof to the cell HIIIIII ll““ fmﬂmncent rati QMme%HEET
nmV t o about 20 MM and * Fi)t nwirftai*ning the gsrjolality of
the cell culture at about . 250 -t o about 600 nOsn 4dndg (J5N9V|198
mai ntai ning the tenperature of the culture at a tgngerature
between 30[err] C and 35[err].C 2. 27he process according |t CIdIHIL,
wherein the anount of sialic acid present on the oligogaccharide

si dechai n of the gl ycoprotein is increased and wherein: —cel
speci fi 6 .prodins ipt dye ©f ié\@omirhgcwtmaelmss, whemlam easedgnycdp&dwirngls
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300-450 nOsm 3. The process of claim2, in mhlch the host cell is a

CHO cel | The roce ccor dj to.cl mherel the al kanoj c_aci d
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27 6. The pro accord| o claimb,. wh in the coproteln [ L
a tunor necr@S|5§C]f DILYRE tgﬂfmq?nﬁﬁﬁﬂff%l E;cé’rﬁ %F%"r?' %]rc’g’é’ééé'

of claim6, igNmi-ciyd,heniastracel | is a dpl2. CHO cell line transfected
with a vector carrying the cDNA encoding - a soluble type 1 tunor
necrosis factor receptor-inmunogl obulin

8. The process accoxding to c¢laim 1, wherein the amount of sialic

acid present on the oligosaccharide sidechain of the
glycoprotein is decreased and wherein: '

cell specific productivity of the cell culture is
increased by culturing the host cell at a concentration of the
alkanoic acid or salt thereof of about 6mM to about 12 mM and
maintaining the osmolality at about 450-600 mOsm,

9, The process of claim 8, in which the host cell is a CHO cell.

10. The process according to claim 9, wherein the alkanoic acid or

salt thereof is sodium butyrate.

11. The ﬁrocess according to claim 10, wherein the glycoprotein
produced is a mammalian glycoprotein.

12. The process according to claim 11, wherein the glycoprotein is

a tumor necrosis factor receptor-immunoglobulin chimera.

13. The process of claim 12, in which the host cell is a dp12.CHO.
cell line transfected with a vector carrying the cDNA for a
soluble type 1 tumor necrosis factor receptor-immunoglobulin
TNFR1-1gG; chimera. |
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gl ycoprotein is decreased and wherein: ¢ " spe¢ Y
of the cell culture is i ncreased by culturing the hogt ceII at a
concentration of the al kanoic acid or salt thereof of hbdub NEOMMVIZIS
about 12 mM and - mai ntai ning the osnolality at about #5P-600 nOsm

The process of claim8, in which the ha8t cell is a CHO cell. 10. The
process acCording to claim9, wherein the al kanoic acid o sakt

t hereof .i s sodi um butyrate. 11. The process according to claiml10,

wherein the gl ycoprotein produced is a manmal i an gl ycopr ot ei n. 12.
The procéés aﬁcBFBFﬁést§°6lEFﬁﬁYflnﬂhérépﬁaﬁhéoéu?éspﬁwpelh tgmor nearOansr
necrosi s facteg e cl aim
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oot g1 1 TIUREY! OB 1NERS DOCESLEL CIMER exprsesop g punan, BT

28 14. A process r ucing a human solu
factor receptor-i mkgGog 1a IMNRRONgyGemtiasshiatera Cegmperitture near 37°C

under such conditions and for a period of time such that
maximunm cell growth is achieved;
(b) culturing the host cell in a production phase:
(1) in the pfesence of sodium butyrate at a
concentration of about 6 mM to about 12 mM;
(2) while maintaining the osmolality at about 450-600

moOsm; and
(3) while maintaining the temperature about between 30°C

and 35°C.

15. A process for producing a human soluble type 1 tumor necrosis
' factor receptor-immunoglobulin TNFR1-IgG, chimeric protein
comprising:

(a) culturing a mammalian host cell which expresses a human
TNFR1-IgG, chimera in a growth phase at a temperature
near 37°C under such conditions and for a period of time
such that maximum cell growth is achieved:

(b) culturing the host cell in a production phase:

(1) in the presence of sodium butyrate at a
concentration of about 1 mM to about 6 mM:
(2) while maintaining the osmolality at about 300-450

mOsm; and
(3) while maintaining the temperature about between 30°C

and 35°C.



PLACEMENT SHEET

conpri si ng: ‘(a) culturing a expres _
TNFR1-" | - lgG err] chimera j mllm!ﬂ'llj at at erature near
37[err]C - under such conditions tan a period ¢f {tith®NOYcAH98
" that maxi mum cell growth is achieved, (b) cwl{uring the
host cell in a production phase: 29 (1) in the pres¢nce of sodium,
butyrate ‘at a concentration of about 6 nMt out.12 M
(2) whi | 6 nai Beai Bragesieo§sAARAN &9/ ainanbichitbeshost cell is a CHOpgeM .
and _ (3) while maintaining the tenperature about between
30[err]C and 35[err]C. 15, A rocess forhguodu0|ng
human solubl eThgpprocegfopfnEépdsi $6, in vhiehr hécéﬁﬁﬁrcﬁ 48R oBR} 2 nCHO
TNFRL-1gderrl, fle?ﬁ .C protein conprising: (a) culturing a
manmal i an host cel i ch expresses a human : TNFR1-1gderr]
chinmera in a growh phase at a tenperature near 37[err] C under
such congditi ogs p iypam cel |
growt h |gba0ﬁ$e ?%ﬂaigila?b§5h§g ?E? gﬁ?thE% %ﬁﬁﬁﬁgﬁ%%o uction
phase: procé¢dy of chaipriédence of sodlun1butyrate at a
concentration of about 1 nmMto about 6 n\ (2) while maintaining
the osnolality at about 300-450 nOsm and (3) while
mai nt ai NL9g tAethenmpentiicecabposibeonecermpd] einy CINFR1-1gG, produceghdy
35[err]C. ss of
claim15, in WA BREPRESRORT Ee?fml%saa?§K9C%P?Fmaci%elc%ﬁly %%%g@%ﬂg daim

16, in which ébeipbshtcell is a dpl 2. CHO cell line.

20. A TNFR1-IgG, preparation comprising TNFR1-IgG, molecules,
wherein the TNFR1-1IgG; molecules have a molar ratio of sialic

acid to protein of about 4 to about 7.

21. A TNFR1-IgG, preparation comprising TNFR1-IgG; molecules,
"wherein the TNFR1-IgG, molecules have about 1-2 moles of
exposed N-acetylglucosamine residues per mole of TNFR1-IgG;

protein.

22. A TNFRl—Ig61pmeparétibn'éémpfising TNFR1-IgG, molecules,
wherein the TNFR1-IgG, molecules have a molar ratio of sialic

acid to N-acetylglucosamine of about 0.35 to about 0.S.

23. The TNFR1-1gG; preparation of claim 22, wherein the
molar ratio of sialic acid to N-acetylglucosamine is
about 0.39 to about 0.4S5.



18. ‘A prep¥Pation conprising the TNFRL-1gderr] produced bnl«apﬁ L;*lg«; ,-‘7/
process. of claim 17. 19. A therapeutic conposition conpriging

TNFR1- 1 gd err] produced by the process of claim15 and a
phar maceutical |y acceptabl e exci pi ent. 20. A TNFRI1- 1 gQ B
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(57) Abstract

The present invention relates to novel process for the preparation of glycoproteins by mammalian cell culture wherein the sialic acid
content of the glycoprotein-produced s cofitrolled-over a broad range of values by manipulating the cell culture environment. The invention
provides for processes in which the sialic acid content of the glycoprotein is modified by changes-in cell culture parameters which affect
cell specific productivity. Preferred embodimeiits of the invention' include’ cell ‘culture processes ini the osmolality of: the cell culture is
controlled as well as the concentration of a transcription enhancer during the production phase of the cell culture. The invention further
provides for novel preparations of soluble type 1 tumor necrosis factor immunoglobulin G1 and their uses in the treatment of inflammatory
or immune related disorders. . L . '




