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Process for controlling s1a1ylat1on of proteins produced by ma111111al1an cell 
culture F" Id f h 1 ·· . . 1e o u;mcenuon 

This invention n:lares lO processes for conrrolJing the siaJic acid content of glycoproreins produced in 

mammalian cell culture. The invention provides processes for increasing and decreasing the sialic acid conrenr 

5 of glycoproteins produced by mammalian cell culture. The invention further relarcs to processes for producing 

tumor necrosis factor receptor ITNFR>-immunoglobulin I lg) chimeras as well as novel TNFIU-lg(i1 prepararions 

and lheir uses in the diagnosis and treaunent of various inflammatory and immune disorders . 

Descriorion of Relared An 
Differences in glycosylation patterns of recombinantly produced glycoproteins ba\·e recently been me. 

lo topic of much attention in the scientific conununity as recombinant proteins produced as probable prophylactics 

and lherapeutics approach the clinic. The oligosaccharide side cha.ins of the glycoproteins affeca lhe protein's· 

funclion cWittwer A •• and Howard. S.C. (1990) Biochem. 29:4175-4180) and lhe inuamolecular interaction 

between portions of the glycoprotein resulting in the conformation and~ lbree dimensionaJ surface of 

the glycopmtein (Han. (1992) Curr. Op. Cell Biol •• 4: 1017-1023: Ooochee. et al .• {1991} Biotrecbnology. 

15 9: 1347-1355: Parekh. R.B .. (199 l)Curr. Op. SlnlCt. Biol.. 1:7SO-754). Oligosaccharides may also serve to target 

a Biven polypeptide to ccnain SlRK:lUl'eS based upon specific cellular:c•hydrate receplOl'S fBevilacqua. M.P. 

and Nelson. R.M .. (1993)1. Clin. Invest. 91:379-387: Nelson. R.M •• etal .. (1993)1. Clin. lnvesL 91:1157-1166.' 

Norprd. IC.E. eta/., (1993) Proc. Natl. Acad. Sci. USA 90:1068-1072; Imai, Y. et al •• (1993) Nanre 361:.555· 

557). The terminal sialic,acid component of the glycoprotcin oliaosaccharide side chain affects absorption. 

2 O serum half life. and clearance tiom the scrum. as well as the physical, chemical and immunogenic properties of 

lhe glycoprotein(Parekb, R.B •• §!!DI!; Varki, A.. (1993) Glycobiology 3:97-100: Paulson. J. (1989). TJBS. 

14:272-276; Goochee. et al., (1991) Biotechnology 9: 1347-1355: KobalB. A. ( 1992) Eur. 1. Biochem. 209:483- · 

501 ). It is lherefore imponant lO mainrain the siaJic acid content of gJycoproteins. paraicularly of rhose proteins 

intended for use as lherapeutics. 

2 S Miida attention has been paid to die fact0rs which affecr glycosyladon durins recombinant protein 

production such as growth mode (adherent or suspension). fetaJ bovine serum in media formulation. culture 

density, oxygenation. pff. purific:alion schemes and the like (Werner.; R. and Noc. W. (1993). Drug Res. 43: 1134-

1249; Hayrer er al •• (1992} Biotcch. and Biocng. 39:327-335: Borys er al.. C 1994) Bioaech and Bioeng. 43:505-

514: Borys et al., (1993) Biolb:chnology 11:720-724; Hearing er al., (1989) J. Cell Biol. 108:339-353: Goochee 

30 et al .• in Frontien in Bioprocessing D. Todd etaL. eds (1992) American ChemicaJ Sociel)' pp.199-240: U.S. 

Patent No. 5.096.816: Cbotigeat. W .• (1994) Cytotech. 15:217-221). Several groups have investigated the 

process parameters that surround die production of reeombinant proteins and especially the effecr of media 

composition in 1he production of recombinant proaeins fPark et al., ( l992) Biotech. Bioeng:. 40:686-696: Cox 

and McClure. ( 1983) In V'mo. 19: 1-6: Mizutani et al .. ( 1992) Biochem. Biophys. Res. Comm. 181 :664-669: Le 

3S Oros e1al .. {1985) Lymph. Res. 4(3):221-227). 

Addition of alkanoic acids such as butyric acid are known to effect the transient expression of foreign 

ONA in recombinant cell culwre (Prasad. and Sinha. ( 1976) In Vitro. 12: 125-132; Japane5e Patent Application 

No. 62-48935: Japanese Patent Application No. 55-150440; Klchr e1 al .. ( 1992) Biochem. 31 :3~22-3229: 

Gonnan. and Howard. C 1983) Nucleic acid Res. 11 :7631-7648). H~. sodiwn bul)'l'lUC has a range of effects 

40 on gene expression across various cell lines and media composnions CD' Anna et al- f 1980l Biochem. 19:2656· 
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~671: Hagopian. H.K .• (1977) Cell l2:8SS-860l and protein production cMUhaud ()980) 1. Cell. Pbysiol. 

104:163-170: U.K. Patent Application No. GB :? 1:?2 207 Al SU!S~Sting that bwyrate may modify gene 

exp~ssion fYuan er al .. ( I98S~ J. Biol. Chem. 3778-3783) or inhibit the expression ofcenain genes <Yuan er 

al .• mmJ. 

European Patent No. 0 239 292 .B 1 describes a process for the enhanced produc1ion of protein in the· 

presence of an allcanoic acid or a salt thereof such as butyric acid. The publication. however. provides little 

• 

· guidance in selecting appropriate concentrations of the additive and funher does not address lhe effect of the • 

additive on protein glycosylation. Others have described that die addition of low le!els <0-1.SmM) of sodium 

butyrate to ceJJ culture production medium to increase cell specific productivity leads to concomitanl increases 

: :> in acidic glycoforms CcOrTesponding to increased sialic acid content) of the recombinant protein prOducecS 

rCbotigeaL eral •• (1994)Cyt0rec:h. 15:217-221). 

Several groups have looked at the effects of osmolality on ceJI growth and polypeptide production 

(Ozturk and Palsson rt991l Biorec:h. and Bioeng. 37:989-993: Stubblefield er al.. (1960) Cancer Research. 

:!O: 1646-1655: Garcia-Perez «al.. (1989lJoumal of Biological Chemistry. 264C28l: l 68 JS-16821: Miner er al.. 

lS U98J)lnvasion Merasrasis. 1:158-174: GB 2.251.249: EP481.791: U.S. Parent No . .S.1.Sl.3.S9: U.S. Patent No. 

4.724.206: U.S. Puent No. S.122.469: and WO 89/04867). Various osmolality ranps for cell growth or 

polypeptide producdon have been proposed. Oenerally. the osmolality of the cell culture medimn is increased 

via die addition of NaCl or amino acids. Environmental sm:sses such as incRascd salt concenuacions lead. in 

some instanceS. io increased cell product production. The notion that incn:ascd expression of mammalian 

2 Q protein prodUC1S can be achieved in mammalian cell cul&ures through solwe mess. e.g •• the addition of salt. lactic 

acid. ammonia to the culan media has been reported (lnternadonal Pub6cadon No. WO 89/04867) • 111ese 

suesses are pnerally growth inhibitory bUl favor cell specific productivity. . -, 
Otbers have discussed lhe effect of shscose c:cmcemration on ceU poWlh and/or polypeptide production 

in recombinant cell culture. See. for example, Park er al. ( 1992) BiotechnolOSY and Bioengineering. 40:686-

25 696; Huang •taL. (1991) Jomnal ofBiorec:hnology. 18:161-162: EP 387.840: Reuveny eraL. (1986)Joumal 

of Immunological Methods. 86:53-59: Finural. (1976) In Vitto. 12( l 0):693· 701: Oireks er aL. (1987) Exp. • 

Eye Res •• ~:951-958: Mizutani 11 aL. (1992) Biochemical and Biophysical Resean:h Communicalions. 

187(2):664-669: Sqiura. (1992) Biotec:hnology and Bioengineering, 39:953-959: WO 88/01643: Oral eral.. 

(1989) DECHEMA Biotechnol. Conf.;3:615-618: Japanese Patent Application No. JP 1-101882~ U.S. Patent 

30 No. 3,926.723; WO 87/00195; and Fleischaker, Jr •• Ph.D. Thesis, Massachusetts lnsliture of Technology. pp. 

196-229 (June l 982). However. the previous studies have not studied the effect of various process parameters 

on 1he sialic acid content of the mature protein. a factor in glycoprotcin production daat is tanwnount to clinical 

success. 

The pn=sent invention provides for processes for.controlling the conrent of sialic acid of glycoproaeins 

3 5 produced by mammalian cell c:ulrure. 

Summary of the Invention 

The present inventors have discovered that c:enain mammalian cell culture process parameters affect 

cell specific productivity as well as lhc extent and type of glycosylalion of the proteins produced. More 

panjc:ularly. lhe present inventors have found that certain factors which enhance cell specific productivity have 

4 O an inverse effect on the sialic acid content of lhe produced protein. 1be present inventor& have lherefore devised 
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\'arious cell culture processes to enrich panicular glycofonns of glycoproteins produced in mammalian cell 

culture. 

Accordingly. rhe inve~rion provides for a process for con[fofling rhe sialic acid content of a glycoprotein 

produced by mammalian cell cultme. According to this aspect of the invention." varying rhe production rate of 

5 the glycoprotein in the production phase of the cell culture leads lO variations in the sialic acid content of the 

mature glycoprotein. More particularly. an increase in cell specific productivity during the glycoprotein 

• production phase results in a decrease in sialic acid content of the mallJl'e protein. Conversely. a decreise in cell 

• 

specific productivity rcsuils in an increase in sialic acid content in lhe mature protejn. 

1bc present invention provides. in a particular embodimenL for varying the cell specific productivity 

l 0 of a mammalian host cell during the protein production phase of mammalian cell culture by conrrolling "rac:U,rs · 

which affect cell specific productivity. According to one aspect of lhe invention. the concen1ra1ion of facrors 

which enhance DNA transcription are conuolled. ln another embodiment cell specific productivity is controlled 

by mainraining the osrnolality of the cell culture wilhin certain marpns. According to the invention. any of the 

foregoing parameters are controlled. alone or in combination. to affect the mature glycoprotcin siBlic acid 

15 content. In a particular embodiment of ·rhe present invention. the factor which enhances DNA 

transcription is an aJlcanoic acid or salt lhereof such as sodium butyrate at a conc:enlrllion of about 0.1 mM to 

about 20 mM. According to a second aspect of the invention. the osmolality of the cell culture is mainllined 

between· about 250-600 mOsm. In a further aspect. the temperamre of the cell culture is controlled between 

about 300C and 3~. 

, 2 0 · In a prefemd embodiment. the invention provides for a process for increasing the sialic acid content 

of the matW'e :glycoprotejn produced by manunalian ceJI culture comprising maintaining a lower cell specific 

productivity by controlling any or all of the above identified process~ optionally together with olher 

parameters known in the art. According tti this aspect of ·the present invention. culturing the host cell at a 

concenuation of the alkanoic acid or salt thereof of about 0.1 mM to about 6mM, and optionally together with 

2 s mainlllining the osmoJality of the cell culan at about 300-4SO mOsm produces a i>rotein with an increased sialic 

acid Content. 

Jn a further preferred embodiment. the invention provides for a process for decreasing lhe sialic acid 

content of Ille mature glycoprotein produced by mammalian cell culture comprising increasing cell specific 

productivity of the cell culmre. · 'lbe C:ell specific productivity is increased. in a prefemd embodimcnL by 

3 0 providing a cell culture process which comprises any of. culturing die host cell at a concenuation of an alkanoic 

acid ·or salt thereof of about 6 niM to about 12mM: and. maimaining the osmolality of the cell culture at about 

450-600 mOsm. 

35 

The inventio1' tunher provides. in a particular embodimenr.·for a cell culture process with three phases 

of cell culture. The invention lherefore provides a process for controlling the sialic acid content of a glycoprotein 

produced by· mammalian cell 'culture comprising the steps of culturing a host cell which expresses the protein 

in a growth phase for a period of time and under such conditions that cell growth is maximized. According to 

this aspect of the presen1 invention. the growth phase is followed by a aransilion phase in which cell culture· 

parameters for the desired sialic acid content of lhe manire glycoprotein are selected and engaged. The nnsition 

phase is followed by a production phase of the cell cullure wherein parameters selected in lhe uansilion phase 

40 are ma1nwned and glycoprotein product 1s produced and harvested. Varying the cell specific productivity of 
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the production phase of the cell culture by adding an aJlcanoic acid or a salt thereof to the cell cuJwre at a 

concenuation of about O.l mM to about 20 mM and engaging an osmolality of the cell culture at about between 

:?SO and 600 mOsm. optionally in combination with one another during the transition phase produces a protein· 

with differing amounts of sialic acid. 

In a further preferred eml;>odiment. the present invention provides a process for controlling the amount -

of sialic acid present in a soluble type I tumor necrosis factor receptor cTNFRl )-immtmoglobulin G1<lg01) 

chimeric protein. The present inventors have discovered· that. under cenain conditions of production. novel 

TNFRl-lgG1 glycoform preparations may be obtained which exhibit the desirabl': properties of prolonged 

clearance from rhe blood while retainin, significant functional activity. A long functional half-life peitruts 
lo simplified. bolus-dose adminisuation and contributes to in vivo potency of the glycoprotein produced allowini 

for lower dose fonns of the glycoprotein. 

According to mis aspect of lhe present invention. a TNFR.1-lg(i, gtycoprotein molecule is produced that 

conlains increased sialic acid residues. The cell culwre parameter& for the production phase of the_ TNFRl -lg01 · 

are selected co obtain the desired sialic acid coment. In a preferred embodiment. the sodium butyrate is pre5ent 

15 . in the production phase at a concenlnUion of about 0.1 to about 6 mM and the osmolality·is maintained at about 

300-450 mOsm. In a more preferred aspec:i the sodium butyrare concentration is about 1 mM and the osmolality 

is maintained aubout 350-400 mOsm. 

In yet another embodiment, lhe present invention provides· for a preparation of TNFRl·I1G1 -
glycoprotein produced by the process of rhe preselll invention. According to rhis aspect· of the invention a 

2 O preparation is provided comprising TNFR.1 ·lsG1 in which the range of pl of the preparation is between about. 

S.S and 7.S. Further p?QVided·is a TNFlll-IgG1 preparation having a molar ralio of JWic acid to pr(>tein of 

about 4 to ~ut 7 and especially about S to about 6. In yet another asf>ect; the TNFR t-lgG I preparation has 

about l to about 2 moles of c:xposcd N-acetylgluc:osaminc residues per mole of protein. In a funher aspect. -rhe 

preparation has a molar ratio of sialic acid to N·acctylglucosamine of about 0.3S to about O.S and more 

2 5 . preferably about 0.4 to about 0.45. 

The present invention also provides a dlerapcutic composition comprising the above preparation useful 

in rhe treaanent of TNF·medialed patholosic conditions. 

Desqiption. of tbe Drawings 

Figure lA and Figure lB. Figures lA and lB show the merhod used to calculate specific productivity 

3 0 of a typical ceJJ cukure ~ in the production phase. The specific productivity can be expressed as a function 

of the viable cell count$ (viable cell days) as shown in Figure IA: or packed cell volume (PCV) as shOwn in 

Figure IB. The specific production rate is given with the range for a 90% confidence interval. 

Figure 2A and Figure 2B. Figures 2A and 2B show die correlation beiween specific productivity based 

on v~le cell days (figure 2A\ and packed c:ell volume (PCV){Figurc 2B) during rhe production phase and the 

3 S sialic acid <NANA) content of the harvested producL Values for 9 different processes (A·ll arc shown. The 

data points represent independent production processes as ~bed in Table I. 

-4-

. , 

• 

: . ~ 

• 

• ! 



. ' 
W0'6/39488 PCI'IU'S96/09284 

Detailed Description of the Invention 

I. Definitions 

The c:arbohydrare moieties of lhe present invention will be described with reference to commonly used 

nomenclature for ~ description of oligosaccbarides. A review of carbohydrate chemistry which uses this 

5 nomenclature is found in Hubbard and Ivatt (1981) Ann •• Rev. Biochem. 50:555-583. This nomenclature 

includ.es. for instance. Man. which represents mannose: CilcNAc. which represents l·N-acetylglucosamine: Gal 

• which represencs galactose: and Ole. which represents glucose. Sialic acids are described with reference to the 

shorthand notaEion NeuNAc. for 5-N·acel}'l~uraminic acid. and NeuNGc for S-glycolylneuraminic acid (]. Biol. 

Chem. 1982 257:3347: J. Biol. Chem •• 1982. 2S7:33S2). 

10 "Osmolality" is a measure of the osmotic pressure of dissolved solute panicles in an aqueous solution. 

The solute panicles include bolh ions and non-ionized molecules. Osmolality is expressed as the concenarauon 

of osmotically active particles (i.e •• osmoles) dissolv~ in l kg of solution ( 1 mOsmlkg H:O u 380C is equivalent 

to an.osmotic pressure of'l9mm Jig). ·osmolarity ... by contrast. refers to lhe number or solute panicles 

dissolved in 1 lirer of solution. When used herein. the abbreviation •mOsm" means "milliosmoleslkg solution". 

15. As used herein. "glycoprotein" refers gencraUy to peplidcs and proteins having more rhan about ten 

amino acids and 11 least one oligosacclwidc side chain. The glycoproreins may be homologous IO the hos& cell. 

or preferably, they are heterologous, i.e •• foreign. to the host cell being utilized. such as a human protein 

produced by a Chinese hamster ovary cell Preferably. mammalian glycqprotcins (glycoproteins that were 

originally .derived from a mammalian organism) are used. more preferably. chose which are directly secrc:ted into 

20 the medium. Eumples of mammalian glycQproteins include molecules such as cytokines and their receptors. 

as well as chimeric proteins comprisins cylOJcines or lheir receptors, incluclinf. for instanc:e wmor necrosis faclOr 

alpha and bera, their receptors (l'NPR·l: EP 417.563 published·20 March 1991; and TNFR-2. EP 417.014 

published 20 March 1991) and their derivatives; renin: a growth honnone. including human growth hormone. 

and bovine growth hormone; growth hormone releasing factor: parathyroid honnone; thyroid stimulating 

25 hormone; lipoproteins: alpha-1-antiuypsin; insulin A-c:bain: insulin B-chain; proinsulin; follicle stimulating 

hormone; Calcitomn: lute.inizing hormone; glucagon; clolting factors such as factor VUIC. factor IX. tissue factor. 

and von Willebrands factor; IDCklotting facton such as Protein C: 11rial nllriuretic factor: lung surfactant: a 

plasminogen actiVllOr, such as uro1cinase or human urine or tissue-l}'Pe plasminogen activator (t--PA>: bombesin: 

lhrombin: hemopoietic srowth •factor: . enkephalinase: RANTES (replaced on activuion normally T-cell 

30 expressed and secreled); human macrophage inflammatory prorein <MIP-l·alpha); a serum albumin such as 

human. scnun albumin: mullerian-inhibiting subsrance; relaXin A-chain: relaxin B-chain: prorelaxin: mouse 

gonadoaopin-associated pepUde: a microbial prou:in. such as beta-lacwnasc; DNase: inhibin: activin: vascular 

endothelial growth factor (VEOF); receptors for honnones or growth factors; intepin; protein A or D: 

rheumatoid factors; a neuroll'Opbic factor such as bone-derived neurottophic factor (BDNF). neurouophin-3. -4. 

3 5 -5. or-6 CNT-3. NT-4. NT-5. orNT-6). or a nerve growth factor such as NGF-P; platelet-derived growth factor 

<POOF>: fibroblast growth faclor·sucb as aFGF and bFGF; epidermal growth facror CEGF); tranSforming growth 

facror 1TGF) such as TGF-alphaand TOF-beta. includingTGF-Pl. TCiF-P2. TGF-P3. TGF-P4. or TGF-PS: 

insulin-like growdi factor-I and-ll CIGF-1 and IGF-m: desCl-3l-IGF·l lbrain IOF-l). insulin-like growth factor 

binding proteins: CD proteins such as CD-3. CD-4. CD-8. and CD-19: erydlropoietin: osteoinductive factors: 

40 nnmunotoxins: a bone morphogeneuc ptotein <BMPl: an mterteron such as in~n-alpha. ·beta. and ·ganuna: 
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colony stimulating factors (CSFsl. e.g., M-CSF. GM..CSF. and G-CSF: interleukins tll.s>. e.g .. IL· 1 to IL-10: 

superoxide dismutase: T-cell receptors: surface membrane proteins: decay accelerating factor. viral antigen such 
. . 

as. for example. a ponion of the AIDS envelope: transpon proteins: homing receptors: addrcssins: regulatory 

proi:eins: andbodies: chimeric proteins. such as immunoadhesins. and fragmenlS of any of the above-Iis1cd 

5 polypeptides. 

10 

The 1crms "cell culture medium" and "culture medium" refer to a nutrient solution used for growing 

mammalian cells that typically provides at least one component from one or more of the following categories: 

I) 

2) 

3) 

4) 

S) 

an enerJJY source. usually in the form of a carbOhydrate such as gl_ucose: 

all essential amino acids. and usually the basic set of twenty amino acids plus cysteine: 

vitamins and/or other organic compounds required at low concentrations; 

free fatty acids: and 

uace elements. where uace elements ·are defined as inorpnic compounds or naturally 

occuning elements that are typically required at very low concenuations. usually in the 

rnicromolar range. 

lS The nutrient solution may optionally be supplemented with one or more componeni:s from any of the 

20 

following categories: 

I) hormones and other growdl facrors as. for.example. 'insulin. ·transfenin. and epidermal growth 

factor. 

2) 

3) 

4) 

salts and buffers as. for example. calcium. mBpesium. and phospbale;, 

nucleosides and bases such as. for example .. adenosme; thymidine. an~,hypoxanthinc: and 

protein and tissue hydrolysams. 

1be term "mammalian host celJ•. "host cell". "mammalian cell" and the lib. refer to cell lines derived 

from mammals tbat are Cipable of growth and sunrival when piiced in eidler.monolayer culture or in suspension 

cuhure in a medium containing the appropriate nutrients and growth faccors. The necessary growth factors for 

2 5 a particular cell line are readily determined empirically.without undue experimentation. as described for example 

in Mammalian CeU Culture (Madler. J.P. ed.. Plenum Press. N.Y. (1984)). and Barnes and Sato. Cl980l Cell. 

22:649. Typically, the cells are capable of expressing and secreting large quantities of a particular glycoprotcin 

of intcn:st into lhe culnn medium. .Examples of suitable mammalian host cells within the context of the present 

inven1ion may include Chinese hamster ovary cells/-DHFR. (CHO. Urlaub and Chasin. Proc. Natl. Acad. Sci. 

30 USA, 77:4216 (1980)); dp12.CHO cells (EP 307.247 published 15 March 1989); monkey kidney CVI line 

b'lllSfonned by SV40 CCOS-7, ATCC CRL 165 l); human embryonic kidney line (293 or 293 cells subcloned 

for growth insuspensionculaure, Orahame1aL.J. Gen Virol .. 36:59 [1977J); baby hamster kidney cells CBHK. 

ATCC CCL 10); mouse senoli cells (TM4• Madler. Biol. Reprod •• 23:243·251 {1980]); monkey kidney cells 

(CVl ATCC CCL 70): African green monkey kidney cells <V:ER0-76. ATCC CIU.-l587): human cervical 

3 S carcinoma cells CHELA. ATCC CCL 2>: canine kidney cells (MOCK. A TCC CCL 34); buffalo rat liver cells 

(BRL 3A. ATCC CRL 1442); human luns cells (Wl38. ATCC CCL 75); human liver cells (Hep G2. HB 8065): 

mouse mammary tumor (MMT 060562. ATCC CCLSL}; TRI cells CMather er aL. Annals N.Y. Acad. Sci .. 

383:44-68 [ 1982)): MRC 5 cells: FS4 cells: and a human hepaioma line (Hep 02). 

Preferred host cells include Chinese hamsrer ovary cells/-DHFR CCHO. Urlaub and Chasin. Proc. Natl. 

40 Acad. Sci. USA. 77:4216 [1980)}; dpl2.CHO cells <EP 307.247 published lS Marc:ll l989l. 

-6-
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The term "peptone" within the coniext of the present invention is meant to refer to a media supplemenr 

that is essentially hydrolyzed animal protein. The ·source of this protein may be animal by-products from 
. . . 

slaughter hOuses. purified gelatin. or plant material. The protein is l)'pically hydrolyzed using acid. heat or 

various enzyme preparations. Preferred peptone n'i1xt11res are. for example. "Primatone RL" and ''Primatone 

5 HS'". both of which are commercially available <Sheffield. England). 

10 

. "Cell specific productivhy". "cell specific raae" and the like. are used herein to refer to the specific. i.e .• 

per cell. or per measure of celJ mass or volume. product expression nue. The cell specific productivitY is 

measured in. for example. grams of procein produced per cell per day. Cell specif1e productivity can be 

conveniendy measured according to the integral method: 

dP/dt =q, X. or 

P=q, J: ... Xdt 

where q, is the cell specific productivity constanL X is the number of cells or cell volume, or cell mass 

equivalents. and dP/dt is the rate of p(Otein production. Hence. q11 can be obrained from a plot of prodUCl 

concenttation versus time integral ohiable cells ( f: = Xdt "viable cell days~). According to this fonnula. when 

15 the amount of glycoprotein product produced is ploued apinst the viable ceU days the slope is equivalent to the 

cell specific· rate. Viable cells can be _derennined by several measures, for example, biomass, <>:: uptake rate, 

lacaasc dehydrogcmase (LDH). packed ~II volume or Wl'bidity. 

"Orowth phase" oftltc cell cukun: refers to the period of exponential cell growth (the log phase) where 

cells ·arc generally rapidly dividing. During this phase. cells are cultured for a period of time. usually between 

20 I -4 days, and under such conditions that cell growth is maximized. The determination of lhe growth cycle for 

rhe host cell can be determined for lhe Particular hose cell envisioned wilholll undue experimentation. "Period 

of time and under such conditions that cell growth is maximized" and the like, refer to those culture conditions 

rhat. · tOr a Pamcuiar ceU line. are determined to be optimal for cell growth and division. During the growth 

phase. cells are cultured in nutrient medi~m co~ning the necessary additives generally at about 30-40° C. in 

25 a humidified. con1JOlled abnOsphere. such that optimal srowth is achieved for the particular cell line. Cells are 

maintained in the growth phase for a period of about between one and four days, usually between lWO to three 

days. 

"Transition phase" of the cell culture refers to the period of time during which culmre conditions for 

the production phase arc engaged. During the transition phase environmental factors such as tcmperawre of the 

30 cell culture. medium osmolality and the like are shifted i'rom growth conditions to production conditions • . 
"Production phase" of the cell culture refers to the period of time during which cell growth has 

plateaued. .. During the production phase. logarithmic cell growth has ended and protein production is primary. 

During ws period of time the medium is generally supplemented to support continued protein producrion and 

to achieve the desired glycoprotein producL 

-7-
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lbe tenn ··expression" or "expresses~ are used herein to refer to transcription and translation occurring . within a host i:ell. The level of expression ofa product gene in a host cell may be determined on the basis of 
eilhcr the amount of corresponding mRNA that is present in the cell or me amount of the protein encoded by lhe " 
product gene that is produced by the cell. For example-. mRNA h'ansc:ribed from a product gene is desirably 

.. 

5 quantitated by notthcm hybridization. Sambrook et al. Molecular Cloning: A Laboratory Manual. pp. 7 .3-7 .51 • • 
fCoJd Spring Harbor Laboratory Press. 1989). Protein encoded by a product gene can be quantirated either by 
assaying for the biological activity of the protein or by eDtP.Joying assays that are independent of such activity. .,, 
such as western blotting or radioinununoassay using antibodies that arc· capable of reacting with the protein. 
Sambrook et al .• Molecular Cloning: A Laboratory Manual. pp. 18.1-18.88 <Cold Spring Harbor Laboratory 

l 0 Press. 19891. 

lS 

By alkanoic acid or salt thereof is meant a sttaight or branched chain, sawraicd or unsawrated. alkanoic . . acid or salt thereof. The alkanoic acid is generally from one to ten carbon atoms and is preferably from three 
to six carbon atoms. An exemplary allcanoic acid is bulyric acid and die corresponcling salt is sodium buiynue~ n. CelJ Culture Procedures 

The present inventorS have discovered that factors which increase cell specific productivity during die 
production of a glycoprotein prOduced by mammalian eell cultuf.: have an inverse effect on sialic acid contem of the glycoprotein produced. · Since proteins expressing one or more sialic acid residues per complex 
oligosaccharide slrUCIUre have longer clearance rates mnm the clearance rate of the glycoproteiil produced may 
be manipulated within broad l.imirs by the overall degree of sialylation of the preparation. The present invention 2 o provides for processes for con1r0Jling the extent of sialylalion of a gl~tein prod~ by mammalian cell culture. Following the methodology set forth herein. one is able to determine rhe Prec:ise ploccss parameters that provide for the desired sialic acid content of a glycoprotein produced •by mammalian cell culnn. 

According to the present invention a mammalian host cell is cultured to produce a recoverable 
glycoprotein producL The overall content of sialic acid in the glycoprotein is conrrolled by conrrolling cell 2 5 culwre paramerers whicb.affeCt cell specific productivity. Facmrs wmch affm: cell specific productivity are well 
known m the an and include. but are noi limired to. factors which affect DNA/RNA copy number. factors whicft 
affect RNA. such as factors which stabilize RNA. media nulrients and other supplemenas. thc concenttation of 
uanscription enhancers. the osmolality of lhc culture environment. rhc: tcmperanue and pH of the cell culture. 
and the like. Acc:ordiag to the prCs. inwntion adjustment of ihcse factors. alone or in combination. to increase 3 o cell specific productivity generarcs a protein widi a decreased sialic acid content The adjustment of diese 
facu>Js, alone or in combination. to decrease cell .specific productivity, generates a matUre glycoprotein widi an 
increased sialic acid content. 

35 

The invention will now be described widi reference to various. including well known. cell culture 
techniques and principles. 

According to the pre5ent invention mammalian cells are cultured to produce a desired glycoprotein 
product In choosing a host cell for lhe production of the glycoprotein widlin the context of the present 
invention. it is imponant to recognize that different host cells have characteristic and specific mechanisms for 
the uanslational ind post-translational processing and modification {e.g .• glycosylation. deavage> of the p~ems 
expressed. Appropriate cell lines should be chosen to ensure that the desired post uan.slational modifications 
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are possible •. AJtemath·ely. host cells can be modified lO express a desired gene product required for the specific: 

post-translational modification. 

In panicular. the mammi.lian cells which expreu the desired protein should express or be mampulated 

to express the particular enzymes such that under lhe appropriate conditions. described herein. lhe appropriate 

5 post aanslational modirication occurs in vjvo. The enzymes include those enzymes necessary for the addition 

and completion of N- and 0- linked carbohydrates such as those described in ~ubbard and Ivan um for N­

linked oligosaccharides. The enzymes optionally include oligosacc;haryluansfcrasc. alpha-glucosidasc I. alpha­

glw:osidase ll. ER alpha( l.2>mannosidase. Golgj aJPba-mannodue I. N-acetylyglucosaminyllransferasc I. Golgj 

alpba-mannodase II. N-acetylygluc:osaminyltransferase IL alpba(l.6>fucosyluansferase. and 

:.o 8( l.4 lgalactosyltranferase. Additionally. the host cell ex.presses the appropriate sialyl transferase that can be 

expected to attach the terminal sialic acid in specifac posiuon and linkage as pan of the host cell genome. 

OptionaiJy. lhc host cell can be made to express the appropriate sialyl aansferases by. for instance. transfection 

of the host cell with lhe DNA encoding the sialyl tranferase. 

The sialyl ttansfemses described above would be expected to add the tenninal sialic acid residue to the 

15 appropriate oligosaccharide core strucmre such as GalBl-4GlcNAc. Appropriate sialyl transferases within the 

context of the present invention. include, but are not limited to, those sialyl uansferases which catalyze the 

. complex siaJylation and branchins of the N· and ().finked oligosaccharides. 

For the culture of die mammalian cells expressing the desired protein and capable of adding the desired 

carbohydrates in specific position and linkage.. numerous cuJtme conditions can be used paying panicular 

2 0 auention to ~ host cell being culancd. Suitable culwrc conditions for mammalian cells are well known in the 

art (l. ImmunoL Methods (1983)56:221·234) or can be easily determined by lhc skilled artisan (see. for example, 

Animal Cell Culture: A Practical Approach 2nd Ed .. Rickwood. D.:and Hames. B.D .• eds. Oxford University 

Press," New York (1992)). and vary aecording to the panicuJar host cell selected. 

The mammalian ceH culture of lbe present inwnlion .is prepared in a medium suitable for ~ particular 

25 cell being cultured. Commercially available media such as Ham's FlO (Sigma). Minimal Essential Medium 

C(MEM). Sismal. RPMJ-1640 (Sign.la), and Dulbecco·s Modified Eagle's Medium <(DMEMJ. Sigma> are 

exemplary nutrient solutions. In addition. any of the media described in Ham and Wallace.(1979) Meth. Enz.. 

58:44: Barnes and Saw,(1980) Anal. Biochem .. 102:255: U.S. Patent Nos. 4.767.704; 4,657.866: 4,927.762: 

S.122.469 or 4.S60.6SS; International Publication Nos. WO 90/03430; and WO 87/00195: the disclosures of 

3 o all of which are incorporated herein by reference, may be used as culture media. Any of these media may be 

supplemented as necessary with hormones and/or other growm factors (sucb as insulin, aransferrin. or epidermal 

growth factor}, salts (such as sodium chloride, calcium, mapesiwn. and phosphate). buffers Csucb as HEPES>. 

nucleosides (such as !ldcnosine IP1d thymidine), antibiotics (such as Gentamycin™ drugJ, aace elements (defined 

as inorganic compounds usually present at final concenntions in the micromolar range> lipids (such as linoleic 

3 5 or other faby acids) and their suitable caniers. and glucose or an equivalent energy source. Any other necessary 

supplements may also be incluc;led at appropriate concenll'ations that would be known to those skilled in lhe an. 

In a panicular embodimenL lhe mammalian host cell is a CHO cell. pRferably a dpl2.CHO cell and 

a suitable medium contains a basal medium component such as a DMEMIHAM F-12 based fonnulation (for 

composition of DMEM and HAM Fl2 mediL sec culture media formulations in American Type Culture 

40 Collecrion CaraJogue of Cell Lines and Hybridomas. Sixth Edition. 1988. pages 346-349) {lhe formulauon of 
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medium as described in U.S. Pa~nt 5.122.469 are panicularly appropriam I with mOdified concerurations of some 

componenlS such as amino acid~. salts. sugar. and \itamins. and optionally containing glycine. hypoxanahine. 

and thymidine: recombinant hu~n insuli'!J. hydrolyz~ pep&one~ such as Primaronc HS or Primatonc RI., 

cSheftield. Englalid). or the equivalent; a cell protective agent. such as Pluronic F68 or the equivalent pluronic 

5 polyol; Gentamycin: and traee ele°'ents. • 

The glycop?oteins ofdte present invention may be pi'Od.lced by growing cells which express the desiied 

protein under a variety of cellculrure conditions.· For insrance. cell culture procedures for the large or small scale 

prodilction of proteins are potentially USt!ful ·within the context of the present invenri~n. Procedures including. 

bur not limited to~ a fluidized bed bioreacl(>r. hollow fiber bloreacror. roller bottle culture. or stirred tank 

lo bioreacior system may be used. in the later two s)'StCD'IS. with or .Jnmom microi:aniers. and operated ahemailiw{y 

in a batch; fed-batch. or continuoils mode. 

In a preferred embodimcnnhe cell culture of rhe present invention· iS performed in a stirred tank 

bioreactor syslCm and a red batch culture procedure is employed. In the ·preferred fed batch culture the 

mammalian host cells and cultuie medium are supplied to a cukuring vessel initially and additional culture 

1 s nU11'iems ·are fed. continuously or in disi:rete' incremen1S. ro the cultUre during euhuring. with .or withoui periodic 

cell and/or product harvest before termination of culture. The fed batch culture can include. for exaq>lc, a semi­

conlinuous fed batch culture. wherein periodically ~hole culture (including cells and medium) is-removed and 

replaCed by fiesh medimn. Fed barch culture is disunsuished from simple batch culture in which all c:omponenrs 

for cell cwnlring (including the cells and all C:ulwr'e nutrients) are ~pplie'd tO the culturing ve5se1 at the start of 

2 0 the culturing proc:e5s. Fed batch culture can be further distingu1shed from Perfusion culblring insofar as the 

supernate is not mnoved from th~ culturiRg Vessel during the Process (in perfusion Cilltming, the cells are 

rcsll'Bined in the culture by, e.g .• filtration. encapsulation. anchonng, IO micrDcanim ete. and tbe Culture medilUD 

is continuously or intermittently intn>dUced and removed from: rhC culturing vesiel). 

Funher. the eeUs of the culture may be propagated according to· any sC:heme or roudne tba1 may be suitable for 

2 5 the particular host cell and the particular prodW:tion plan contcinplmed. Therefore, the present invention 

contemplates a single step or multiple step culture procOclure. In a ~ngle itcp·culture the host cells are inoculated 

inro a culture envirOninent and the processes of the instant inVcntion are employed auring a single production 

phase of the cell culmre. AJrematively. a: multi-stap culture is envisioned. In the multi·stage culture cells may 

be cullivated in a number of steps or phases; For insranee~ cells may be srown in a first s1ep or growth phase 

3 o culture wherein cells, possibly removed ftom storage. are inocwared into a medium suitable for promoting 

growth and high viability. The eclls may be maintained in the growth phase for a suitable period of time by the 

addition of hsh medium ro the host cell culture. 

According to a preferred upeC:t of mt invention. fed·batch or conrinuoils cell culture conditions are 

devised to enh8nce growth of the mammalian cells in the gr0wth phase of the c:eU culture. In the growdi phase 

. 3 s ce!Js are grown under conditions and for a period of time thai is maximized for growth. CulllR conditions. such 

as temperature. pH. dissolved oxygen (d0:) and the like. are those used with the panicular host and will be 

apparem to the ordinarily skilled artisan. Generally.·me pH is adjusted to a level between about 6.5 and 7.S using 

either an acid· (e.g •• CO:>· or a base (e.g .• Na:CC>i or NaOH). A· suirable temperature range for culturing 

mammalian cells such ai CHC? cells is between about 30 to JSoC and a suitabledO: is between S·90Ch of air 

40 sawnuion. 
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Au pShi~~lar stage the cells may be used to inoCiilate a production phase or step of the cell culture. 

AJtematively; as described above the production phase or step may be continuous with the inoculation or growth . . 
phase or step. 

According to rile presen1 invention. lhc cell culture environment during lhe production phase of the celJ 

5 culture is conD"Olled. According to the process of the present invention. factors affecting cell specific 

producdvity" of the mammalian host cell are manipulated such that the desired sialic acid content .is achieved in 

.. the resulting glycoprotein. In particular. factors which increase cell specific productivity arc controlled during 

the production phase of the cell culture process such that the resulting glycoprotein ~uct conrains the desired 

sialic .acid content. 

:.o Jn a prefened aspect. the production phase of the cell culture process is preceded by a transitiori phiisc 

of the cell cultme in which parameters for the production· phase of the cell culwre are engapd. 

According to one aspect of the presem invention the concentration of a uanscription enhancer such as 

an alkanoic add. is manipulated to affect cell specific productivity and therefore.the resulting sialic acid content 

of the mammalian cell glycoprcnein product. The alkanoic acid may be any one of a number of single or 

l 5 branched chain allcanoic acids that enhance transeription of mammalian proreins. In a preferred embodiment die 

alkanoic acid is butyric acid and·especially the salt thereof. sodium butynue. 

According to the present inveillian lhe concenuadon of sodium butyrme is comrolled to conttol the cell 

specific productivity. ConcenuatiC>ns of sodium butyrate of bctWecn 0.1 and 20 mM arc used and modifaed 

according to the particular host cell being cultured and Ille desired sialic acid contem of the glycoprotein 

20 produced. In Older to generate a ~·widt die desired sialic acid content a conccnaation of sodium bucyrare 

is chosen which provides for the highest cell specific-producdvity wirh the most acceprable sialic acid profile. 

Therefore, according to the present-invention concenb'aliOns of a mmscription enhancer such as sodimn butyrate 

are chosen to obtain the desired sialic acid contenL 

To increase sialic acid content of the mamre glycoprorein; generally. lower concenaations of the 

25 1r8115Cription enhancer are usect nae ·tower concentration provides for enhanCed transcripEion. but maintains 

lower cell specific productiviay while mainraining thc viability of die hoSl c:eJI culture.· Ocnerally concemralions 

of tbe"ttanscription enhancer such as sodium butyrate between about 0.1 mM and about 8 mM arc used. More 

preferably conccnuations between about 1.0 and 6.0 mM arc used. In a panicular embodiment about 6 mM 

sodium butyrate is used. In another embodiment about I mM sodium butyrate is used. 

30 In anolher embodimem a glycoprocein is produced with a decreased level of siaJic acid. According to 

this aspect of the present invention, mammalian cells are culwred · under conditions such lhat cell specific 

productivity is increased. According to this aspect of the present invention a concentration of alkanoic acid or 

01her appropriate ttanscription enhancer is chosen such that increased cell -specific productivity generates a 

protein wilh the desired sialic acid profile. In a preferred embodiment the co11Cenuation of the alkanoic acid or 

3 5 salt thereof is between about S arid 20mM and more preferably between about.6 mM and 12 mM. In a particular 

embodiment. the concentration ofsOdium buryrare is about 12 mM. 

In determining the appropriaic concenuation of the mmscription enhancer such as an alkanoic acid or 

salt thereof. reference can be made to Figure 2 as well as Table I mm at ExaJnplo I. According to the present 

invention lower butyrate concentrations generally result in lower cell specit)c prodUc:tivity. According to lhe 

4 o invention concentrations of sodium butyr11e ·ii.re chosen keeping in mind other process parameters sucb as the 
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osmoJality of the production phase. As discussed below the osmolaJity c:an affect the cell specific productivity. 

Concemrations of buryrare are chosen keeping in mind·the particular osmolality robe maintained during the . . 
produc:rion phase. 

Alternatively. for oth~._mammalian host cells and other glycoproteins. small test cultures can be 

S prepared and rate of Jlycoprotein product production. i.e. the ceU specific pi'oduc:tivily c:an be determined and• 

the resulting sialic acid conrent can be used to prepare a similar table and figure appropriate for the particular · 

host cell being culrured. keeping in mind that decreases in cell speeific productivity lead to increases in the sialic • 

acid conrent of the glycoprotein produced. The alkanoic: acid or salt lhereof. such as sodium butyrate. or other 

appropriate iransc:riplion enhancer is added 10 the host cell culture ar or about the lime the production phase of 

10 the cell culture is initiated. Conveniendy, a uansilion phase'is employed during die cell culture process 
preceding the production· phase in which the cell culture conditions as ~scussed herein are engased for the · · 

desired cell specifac productivity and hence the desired glycoform profile. 

The alkanoic acid or salt thereof is added by any means·knowri in the an. In a preferred embodiment 

the sodium butyrare is added in batch to the fed barch cultlire sysrem with or without other appropriare nulrients 

l S as described herein or known co those skilled in the art of maminalian cell cuhun:. 

Aecording to the instant invention the oSmolality of lhe cell culmre environment is comrolled in addition · ·-' 

to lhe facrors nored above to regulate the exrent of sialylation of the mature glycoprotein. Io one embodiment. 

osmolality is comrolled to conaol die sialic acid c:Ontent of the mature prorein independent of other factCJrs which 

affect cell specific productivity. In another embodiment osmolality is controlled in addiuon to conuolling other 

2 O factors which affecl cell specifiC produclivity. In a preferred embodiment both osmolality and the concennlion 

of alkanoic acid arc conuolled. 

Tb: osmolality of dae cell culture environment is conttolled to produce the desired balance belween the 

cell specific productivity and the siaJic acid profile of the resulting· glycoprotein. . Generally. cell. specirlC 

produc:Uvity is incleascd when osmolality is inc:n:ascd. An osmoJality which produces a proacin widl rhc desired 

2 S sialic acid is chosen keeping in mind 1hat increases in the osmolality generally lead to increase in production rare 

-of the panicular protein. ln order to dec:relse lhe production rate· and increase lhe sialic acid consent of the. 

marure glycoprole.in osmolalil)' is generally maintained at a lower level for lhe panicular cell type being cukured. 

For mammalian cell culture the osmolality of the culture medium is generally about 290-330 mOsm. 

However. incteases in the osmolality generally lead to increase in production rate of proteins. An osmolality is 

3 O chosen such &bat the production rate corresponds with the desired product profile. To increase the sialic acid 

content. production rare is decreased and osmolality is generally mairuaincd within a Jower margin keeping in 

mind the particular host cell being c:ultUICd. OsmoJality in the range from about 250 mOsm to about 450 mOsm 

is appropriare for an increased sialic acid content ~ore preferably. lhc osmolality is maintained at about 

between 300 and 450 mOsm. aocording to this aspect of the invention. and more preferably between about 350 

3 5 and _400 mOsm. and most preferably about 400 mOsm •. 

For a lower sialic: acid contenL an osmolality which provides an increased production rate is chosen. 

According to this aspec1 of lhe invention. the osmolality is. mainlained at aboul between 350 • 600 mOsm. and 

is preferably between about 450-550 mOsm. according to this aspect of the invention. 
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The skill~a Practitioner will recognize that media ~fu~iality is dependent upon the concentra1ion of 

osmotically ·ac:live particles in· lhe culture fluid and ~~t a number ~f variables that make up a complex 

mammalian cell culture medium. impact osmolality. The initial osmolality of the culture medium is determined 

by the conlpOsition of the culture medium. The osmolality can be measured using an osmometer such as lhal 

5 sold by Fisher Scientific. Piusblirgh. Pennsylvania. under the brand name OSMElTE (or the Osmenc model 

2007. available from Precision Systems. Iilc. Natick MA). for example. In order to achieve an os~olality in lhe 

desired range. the concentration' of vario\Js constituents in the culture medium can be adjus1ed. 

Solutes which can be added 10 the culture medium so as to increase the asmolality thereof include 

proteins. peptides. amino acids. hydrolyzed animal proteins such as peptones. non-metabolized polymers. 

l 0 vitamins. ions. salts; sugars. metabolite$. organic acids. lipids. and rhe like. In one embodiment. the osmolality 

is conuolled by lhe addition of a peptone to the cell.culture along with other componenrs of lhe culture medium 

during a fed balch culture procedure. 

According to die Present invention the osmolality is mainWned or adjusted to the desired range via the 

additi0n of for instance. a basal medium fOnnuladon including amino acids. various salts (e.g. NaCl), in addition 

l 5 to a peptoite. In a preferred embodiment. the culture medium is supplcmemed with. for ins1a11ee. a basal culture 

· medium COntaining excess amino acids (see. e.g., the "Super" medium of U.S. Patent No. S.122.469). glucose. 

and a peptone. 

It will be appreciated he>Wever. lhat lhe conc:encrationCs} of other eonscituenrs in the cul~ medimn can 

be modified in order to achieve an osmolality range as set fonh above. By controlling either intermiuendy or 

20 continuously the· concentration of glucose (the primary energy source). for insrance, in the culture mediwn 

·throughout the cullming. die osmolality Of the medium can be maintained• about lhe desirable ranse speeified. 

Conttolling the glucose concentralion serves to provide adeqwire clrbon source to the cells and simulraneously 

control the production of lactic acid bY the host cells. ·This is ~vamageous in ihat it limits the pH decrease in 

the culture medium which ~hides the addition of a neutralizer (e.g •• a base such as Na:CO, or NaOHl. which 

2 s causes ·the osmolality to rise. 

30 

ne medium can be supplCmilnted to maintain rhe osmolality within die Spptopriare margins according 

to whatever scheme is being used to m8intain the cell culture. In a preferred embodi.-nt. the culture system is 

a red batch culture sysrem and Ille medium is supplemented in barch in a feed during the production phase of the 

cell culture. Additionally the medium can be supplemented during the production phase as described inf'ra. 

Altcmadvely. intenninent oft-line sampling of the culture medium can be carried our. The osmoJality 

of the culture medium c:ai1 then be modified by the modulation of a feed solution as required~ 

It WilJ be understood by the. skilled anisn dw the cell culture prOcedures of the present invention are 

selected to achieve lhe desired level of sialylation of the produced prorcin. Process parameters in addition to 

lhose described herein which intl"uence the degree of siaJylation include oxygen level. and glucose level. Cull:Ure 

3 s density. time and storage conditions sueh as temperature also influence sialylation. The present invention is 

meant to include those process parameters which are additionally most suitable for enhanced sialylation • 
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III. Recoverv of me Glvcoprotein 
. _: . . :, . .· 

Following the polypeptide production phase. the polrpeptide of interest is recovered from the culture 

medium using teeh~iques which are well estabUshed in the ~~ 
,·:. i • 

The pol~ptide of interest pre~bty is recovered frQrn the culture medium as a secreted polypeptide. 

5 although it also may be recovered. from host ce!l lysates. 

As a fatsl step. the culture medium or lysate.is.CCZJtrifuged to remove particulate cell debris. The 

polypeptide the~after is purified from contaminant solubl~ proteins and polypeptides. with die following 

procedures being exemplary of suitable purifi_cation procedures: by. fractionation on inummoaffinity or ion­

exchange columns; erhanol precipitation: reverse ~base HPLC'. chrO~ropphy on sili~a or on a cation-exchange 

1 o resin such as DEAE~ chromarofocusing: SD~·PAGE: ammo1;1i~ll) sulfate precipitation: gel filtration using, for 

example. Sephadex G-75: and protein A Sepbarose columns to remove contaminanlS such as JgG. A protease . .. . . ·. . ... . 
inhibitor such as phenyl methyl sulfonyl fluoride (PMSP) also maY be useful. to inhibit proreolytic degradation 

during purification. One skilled, in rhe art wifl appreciaie that pudfjcation medtods suitable for the polypepride · 

of interest may require modification to account. for changes in 1be cf1aracter of the polypeptide upon expression 

15 in recombinant cell c:ul1urc • 

.Especially prcfened widain the context of rhe presem ~".Cnlion are purification techniques and processes 

which select for th~ carbohydrates of die invention. The-de~ ·,·~forms of the present invenlion may be 

enriched for sialie acid-containing molecules by. for example. ion-exchange soft gel chromamgraphy or HPLC 

using cation- or anion-exchanse resins. wherein the more acidic ftaclion is collected. 

20 IV. AnaJvsis of the Glycoprorein 

Tbe comptex carbohydrate ponio~ of die glycopfOtein • produc:ed by the pr0eesse5 of the present 
' ·' . .. : ' 

invention may be readily analyzed if desired. by conventional rechniCJueS of carbohydrate analysis. Thus. for 

example. techniques suc:h as lectin blotting. well-known in the .an. reveal proportions of rerminal mannose or 

other sugars such as galactosc. Tcnnination of mono-. bi-. Iii-. or teaa-aiuennary oligosaccbaride by sialic acids 

25 can be confirmed by release of sugars from the protein using ania~ hydrazine or enzymatic methods and 

fractiona1ion of oligosaccharides by ion-exchange or size exclusion chromatography or other methods wcll­

lcnown in the art. The pl of the glycoprotein can also be measured.· ·be~ and after treatment with neuraminidase 

to remove sialic: ac~ An increase in pl following neuraminidase ueaanent indicares the presence of sialic acids 

on the glycoprotein. ; 

3 O The carbohydrate Sb'UC&ures of the present invenli.on occur on the protein expressed as N-linked or 0-

linked carbohydrates~. The N-linked and 0-linked. carbohydrates differ primarily in their core structures. N-
. . 

linked glycosylalion ~fefS to the attachment of the carbohydnte moiety via GlcNAc to an asparagine residue 

in the peptide chain. The N-linked carbohydraw all conrain a common Man l-6(Man l ·3)Man814GlcNAc8 l • 

4GlcNAcB-R. core strucwre. 1berefore. in the core s1r11Cture described. R represents an asparagine residue of 

3 5 the produc:cd protein. The peptide sequence of the proaein produced will contain an asparagine-X-serine. 
. ~ . . . 

aspuagine-X-thrconine. and aspara,sine-X-cysteine. wherein X is any amino acid except pmline. 0-Jinked 
. . . . . . . . . 

carbohydrates. by conirast are characterized by a common core strueture. which is die GalNAc attached to the 

hydroxyl group of a lhrc0nine or serine. Of the N-Jinked. and 0-linkcd carbohydrates, the most important arc 

die complex N- and 0-linked carbohydrates. Such complex carbohydrates will contain several anrcnanary 

4 o strucwres. The mono-. bi-. tti.-. and tetra-. outer SlrUCtures are imponant for the addition of terminal sialic acids. 
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10 

. 
Such outer c:haiifstriicrures provide for additional sires for 'the -specific sugars and linkages that comprise the 

. i . . . 

carbohydrates of the illSWlt inventiQn. 

The resulting carbohydr&tes can be analyzed by any method known in the an including those methods 

described herein. Several methOds are known in the an for glyc:osylation analysis and are useful in the context 

of the present invention. Such methods provide infonnation regarding the identity and the composition of the 

oligosaccharide attached to the peptide. . Methods for carbohydrate analysis useful in the present invention 

include but are not limited to lectin chromatography: HPAEC·PAD. which uses high pH anion exchange 

chromatography to separate oligosaccharides based on charge; NMR: Mass speccrorneuy: HPLC: GPC: 

monosaccharide compositional analysis; sequential enzymatic digestion. 

Additionally. methods for releasing oligosaccharic:les are known. These methods include l >enzymatic. 

which is commonly performed using peptide-N·glycosidase F/endo.S.plactosidase: l) lhliminmion using harsh 

alkaline environment to release mainly O.linked strucnares: and 3) chemical melhods using anhydrous hydrazine 

to release both N·and 0-linked oligosaccharides 

Analysis can be performed using the following steps: 

15 l. Dialysis of the sample against deionized water. to remove all buffer salts. followed by 

20 

25 

lyophi1ization. 

2. Release of intact ofigosaccharide chains with anhydrous hydrazine; 

3. Treatment of - intact oligosacc:haride chains with anhydrous-methanolic HCI to· liberate 

individual monosacc~s as ().methyl derivalivc •. 

4. 

s . . 
6. 

1. 

N·acetylation of any FimarY amino groups. 

Dcrivati:wion ·to.give ~~trimethylsilyl methyl glycosides. 

Separation of these ~valive. by capillary OLC (gas • liquid chromatography) on a CP-Sll.8 

column. 

Identification of individual glycoside derivatives by retention rime ft'om the GLC and mass 

spec:uoscopy. compared to known standards. 

8. Quantitation of individual derivatives by FID wilh an internal standard 

( 13.().methyl-D-glucosc). 

Neutral and amin~supts can be decmnined by high performance anion.exchanp chromatography 

combined with pulsed amperomellic ~ <HPAE·PAD Carbohydrate S)ISlem. Dionex Corp.). For instance. 

Jo sups can be released by hydrolysis in 2~ (v/v) ttifluoroacctic acid at 100°C for 6 b. Hydrolysates are then 

dried by lyophilizalion or with a Speed·Vac (Savant Instruments). Residues are then dissolved in 1 % sodium 

acewe lrihydrate solution and analyzed on a HPLC-AS6 column as described by Anumufa e1 al. (Anal. Biochem. 

195:269-280 (1991). 

Sialic acid can be deiennined separately by the direct colorimetric method of Yao et al. ( .Al1al Biochem. 

3 S 179:332·335 (1989)) in lriplicate samples. Jn a pref med embodiment the lhiobarbaturic acid (TBA) of Warren. 

L. J. Biol Chem 238:C8) (19591 is used • 

Altematively, immunoblot carbohydrate analysis may be performed. According to this procedure 

pro1ein-bound carbohydrates are dctcci~d using a commercial glycan deteetion system (BoehringerJ which is 

based on .the oxidative 1mmunoblot procedure described by Haselbeck and Hosel (Haselbeck et al. 

4 o GlycoconJugarc J .• 7 :63 ( 1990) ). The sla!lning protocol recommended by the manufacturer is followed e1tcept 

·IS· 
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that rhe protein is U'anSfened to a polyvinylidene difluoride membrane instead of niU"DCeJlulose membrane and 

the blocking buffers contained S~ bovine serum ~bumin in JO mM l:ris buffer •. pH 7.4 with 0.9'il' sodium 
. . ' . 

chloride. Detection is made with :lJlti-digoxigenin antibodies linked with an alkaline phosphate conjugald 

1 Boehringer>. I :1000 dilution in tris buffered saline using the phosphatase substrates . ..i-nill'Oblue reirazolium 

5 chloride. 0.03% (wlv> and S-bromo-4 chloro-3-indoyl-phosphate 0.03~ (w/v) in 100 mM Iris buffer. pH 9.5.' 

containing 100· mM sodium chloride and 50 mM magnesium ·chloride. The protein bands containing 

carbohydrate ate U&Ually visualized in about 10 to 15 min. • 

The carbOhydrate may also be analyZed by digestion with PeJ>tide-N-gfycos.idase F. According to this . 

procedure lhe re5idue is suspended in 14 ul ofa buffercontai0in10.l8'i: sos. 18 mM beta-mercaptciethanol. 

io 90 mM phosphate. 3.6 lnM EDTA. at pH 8.6. and heated at 100 •c for 3 min. Afler cooling to ro0m 
temperamre. the sample is divided intc> two equal pans. One aiiquot is not -~ated further and serves as a control. 

The second fraction is adjlisted to about I% NP-40 detergent followed by 0.2 uniti of peptide-N-glycosidase F 

<Boehringer). Both samples are wanned at 37° C for 2 hr and then analyzed by SDS-polyacrylamide gel 

electrophOresis. · · 

15 V. Tumor Necrosis Fac:ror Rccepmr-Immunoglobulip Chimeras 

In a preferTed embodiment the processes of the preleni: invention are used to produce tumor necrosis 

factor reeeptor <TNFR>-Jmmunoglobllln (lg) chimeras~ · ESpeeially preferred among . this class of chimeric 

proteins is the soluble l)lpe 1 TNFR IgG1_ The TNFRl-lgG1 chimen15 produced are useful in the ueaunent or 

diagnosis of many TNF-mediated or TNF-relaled diseases and disorders. The term •1rea1111ent" in this context 

2 o includes both prophylictic (~on). suppres$ion (e~g., of a syniptOm> and treauneJi1 ~fan exisbng conctidon. 

The pathologic cmiduions asiociated with TNF include but are not limited to gram ne-ve and gram positive 

bacteremia. endotOx.ic sbcick. graft rejection phenomena. rheum&toid arthritis. systemic lupus. Crohn's disease 

and other autoimmune and inflammatory diseases assoc:iaied with TNF. 

The TNFR.I-IgG1 preparations of die instant invention are useful generally in those indications where 

2 5 monoclonal anlibOdies to TNF have been found to be ilscful. Fcir instance, in animal models. monoclonal 

antibodies to ~pha were found tc> have protective effect when employed prophylacticafly (Tracey. K.1. et 
. . . 

al., ( 1987) Natme 330:662). In a phase I cJinicaJ study reported by Exley. A.R. et al .• (1990) Lancet 335: 1275. 

a murine monoclonal antibody to recombinant hunian TNF-alpha wa5 found to &e safe when adminislCred to 

human paliems with severe seplic shock. TNFRl-lgG1 is iuitably used in the treaunent of rheunwoid anhrilis 

3 o as welJ as sepdc sbOc:Jc.· 

In a medwd of ll'eating a disease or disorder associited' with TNP a therapeutically active amount of 

TNFR.l-lg01 prepariation is administered to a subject in need of such treatment. 1be preferred subject is a 

human. 

An effective amount of a TNFRl .1g01 glycoform pn:paration of the instant invention for the treatment 

35 of a disease or disorder is in the dose range of 0.01-100 mg/patient: preferably l mg-75 mg/patient and most 

preferably between about I 0 and about 50 mg/patient.· 

For administration. the TNFlU-IgG1 preparation should be fonnulared into an appropriate 

pharmaceutical or dlerapeuuc composiuon. Such a composition typically conrains a therapeutically active 

amount oflhe TNFR14gG1 preparation and a ph8rmaceuucally acceptable cxc:ipient or earner such. as saline. 

40 buffered saline. dexttose. or water. Compositions may also compnse specific Stabilizing agents such as sugars. 

-16-
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including mann°'sj! 0and mannitol. and local anesthetics forjnjectable compositions. including. for example • 
. ·.·•' .. '·' . 

lidocaine. 

The present invention provides compositions which fmther comprise a therapeutically active amount 

of an additional active ingredient such as monoclonal antibodies f e.g. anti-TNF antibodies. antibodies to Mac l 

:> or LF A 1 l or other receptors associated,. with TNF production. e.g. IL- l or lL-2 receptors. ecc. 

15 

20 

A preferred therapeutic composition for single or combined therapy. as above. comprises a novel 

~l-Ig01 preparation oflhis invention which exhibits prolonsed clearance from the blood while recaining 

significant funcbonal activity. Such a prolonged functional hilf-life pemUts simplified. bolus-dose administration 

and contributes to potency in vivo. Preferred TNFRl-IgG1 chimeras in the therapeuuc composition include me 

~1-lgG1 and preparations described herein. for example: 

<I) · 1NFRl-IgG1 preparations comprising a complex oligosacc:haride terminaled by one or more 

residues of a sialic acid: 

(2) TNFR1-lg01 preparations wherein me range of isoelecttic point. pL of the preparation is 

between 5.5 and 7.5 as determined by chromatofocusing, in which the pl is sensitive to 

neuraminidase treaunent: 

(3) 

{4) 

(S) 

TNFRl·lg01 preparations having about 1-2 moles ~fexposed N·ac:ciylglucosamine residues 

per mole of protein. 

TNFR 1-IgG, preparations having a molar ratio of sialic acid to protein of about 4-7, especially 

aboutS-6. 

TNFRI -lgG1 preparations ll'\ving a molar ratio of sialic acid to N-aceiylglucosamine of about 

0.35 to about O.S. ~ ~preferably of about OA to about 0.45. 

Routes of adminisuation for the individual or combined therapeutic compositions of the present 

invention include standard routes. such -. for example. intravenous infUsion or bolus injection. 

Also provided is the use of a TNFR.1-IgG, preparation of Ibis invention in the manufacture of a 

25 medicament for the neaunent of a human or animal. 

Having now generally described the. invention. the same will be more readily understood through. 

reference to the following examples which are provided by way of illUSlralion. and are not intencled to be limiting 

of the present invention. unless specified. 

3 O The bioJogical effects ot TNF-alpha and TNF-beta are mediated lhrougb specific receptors (Dembic 

e.1 al., (1990) Cycokines. 2:231 ) •. Molecular cloning has demonsttaled the exiStence of two distinct types of TNF 

recepuns (TNFR) with appareni molecular QllSSes of 55kD (type I> (Schall el al •• ( 1990) Cell 61 :361 >and 75 

kD (type 2) <Smith el al., ( 1990) Science 248: IDI 9). each of which naturally binds to bolh TNP alpha and TNF 

beta (Loetschere.t al .• (1990) Cell. 61:351: Shall et al, (1990) CelL 61:361: Kohno eu.zl •• (1990) Proc. Natl. 

3 5 Acad. Sci. USA 87:8331 ). Tile extraeellular ponions of boch receptors are found· nalUrally as soluble TNF 

billQing proteins CKohno e.r al .. !!!JD>. TNF agonists have been created which block lhc dcletenous effecr of 

TNF in various immune and inflammatory events (Peppel et al .. (1991) 1. Exp. Med .• 174:1483-J489: Ulich 

Cl993) Am. I. Path.. 142:1335-1338: Howard. O.M.Z.. (1993) Proc:, Natl •. Acad. Sci. USA 90:2335-2339: 

Wooley. P.H .. (1993}]. Immunol. 151:6602-6607). One such agonist <Weiner et al •• (1991l J. Cell. Baochem. 
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5 

Abstraets. 20th annuai meeting. p. 115) combines the exu-ilC:ellular domain of human SS kD type l TNFR with 

a ponion of the hinge and Fe regions of human imm~noglobulin GI heavy chain. 

In this Example mammalian celJs transfecaed-~ith a· vector containing the C:DNA e.ncoding the TNFR. I· · 

IgG1 chimera were cullured. 

Methods 
A. Cell Line . 

The Chinese hamster ovary CCHO)cell line used as the mammaJian host cell line was derived from 

CHO-Kl <ATCC No: ccL61 CHO-KI l. A CH()..KI mUt.ant.clihydrofolate redUcwe c_DHFR1 deficient cell line 

named CHO-Kl DtJX-Bll fOHFR") (obtained frornDr.L. OuisiD of Columbia University: Simonsen. C.C .. and 

1 o Levinson. A.D .• 0983) Proc. Nad. ACad. Sci. USA 80:~95-2499; Urlaub O •• and Chasin. L .. ( 1980) Ptoc: Nad. 

Acad. ~ci. USA 77:4216-4220> was then used to obtain a cell line with a reduced requirement for insUJin by 

transfection with the vector containing the cDNA for the preproinsulin (Sures et al .• ( 1980) Science. 208:57 -59). 

The selected clone designatCd dp12.CHO requires glyeine. hypoxanthine. and lhymidine for growth. lhus 

verifying lheir DHFR· senotype. 

15 B. Construqion pfSoluhle Type I TNFR·l1G1 C!iliPcra 

A soluble t)ipe l TNFR-liQ1 chimera was c0nstrucicd by gene fusion of lhe exuacel~ular domain of 

human type I TNFR wilh Ille hinge tegion and CH2 and c,j dorUins oflgG, heavy chain (fmther; referred to 

as TNFRl·Ig01). 

lbe human type 1 TNFR encoding DNA sequence (sec Loetscher et al.. ,Sym) w,as obtained from lhe 

20 plasmid pRK-TNP·R [Schall et al •• ~AL 361 ( 1990)J. To Construct lhis starling plastnid. a 2.1 kb placental 

cDNA clone (Schall et al., ·.5Ym:I> was inserted imo die mammalian expression vector p~Ks. the construction 

of which is described in EP Pub. No. 307.247. 'published 15 Match 1989. This cDNA swrs at nucleotide 

position 64 of lhe sequence rePonecl by Loetseher et al~. with Che iniuating melhioniae I J 8 bp downsueam. 

The source of the IgG1 encoding seqllORCC was the co.i.1g0 exptCSSion plasmid pRKC04:Fc1 [Capon. 

25 DJ. er aL • .tf!lymfil, 525 (1989); Byrn sal.,!!flgg~ 667(1990)}. containing acDNAsequence encoding 

a hybrid polypeptide consisling of residues J-180 of·me maalre human CD4 protein (two N·lemlinal CD4 
variable domains) fused to hullilia liQ1 sequences beginning at USJartic acid 216 (taking amino acid J 14 as the 

first residue of the heavy chain consmnt region [Kabat et al •• Sequenc:eS of Proteins of Immunological lnrcrest 

4th edition (1987)} which is lhe first residue of the lgG, hinge after tbe cysieine residue involved in heavy-light ! . 
3 O chain bonding), and ending with residue 441 to include the <=,;2 aDcl C113 Fe domains of IsG1• 

TNFR.l·Ig01 was cODSll'Uc~ by generating reslricl'ion ti'agments of plasmids pRK-TNF-R and 

pRKCD4J"01 and liPtingdlem. using delctional mu1agenesis. so that threonine residue 171 of mature TNFR's 

is juxtaposed to aspanic acid residue 216 of IgO, heavy cb8in [Kabat et al •• ~- The resulting plasmid 

pRKTNFR·lgO contained the full Jengdi coding sequence for TNFRi I,01• 

35 C. CeltCulture 

The gene encOding lhe soluble type l TNFR~I&Oi wa5 imrodueed into dp 12.CHO cells by uansfection. 

This was accomplished using lhe calcium phosphate technique for inlr'Oducing DNA in10 mammalian cells. Two 

days folloWins: iransfectiein tbe cells were uypsini2ed and replated into selective medium Cglyc1ne·hypoxanthine 

and thymidine free Ham's F-li DMEM. 1:1 v/v wi1h2%dialy~5eruml. Subsequent isolates were screened 

40 for secretion ofTNFRl·lgG,. Clones expressing TNFRl-lgG, wheTe amplified in melhottexate y1eld1ng high 
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. 
expressing clo~e~. ~d subsequently adapted to· serum nee, ~dium. These cells were under a continuous 

•; . 

selective presstlre until transferred to nonselective medium for growrh and expansion of the inoculum. 

To provide cells for TNFR.l -Ig(i! production culwres th~ cell p6pulation described above was expanded 

ftorn me medium containing methouexare by serial subcultivations in vesse.ls of increasing volumes to growth 

5 medium containing no m~thouexate. For these steps of the process dte r,ion selective growth medium was 

DMEMIHAM F-12 based formulation Csee U.S. PatentS.122.469. for example) with modified concentrations 

of some components. such· as glucose. amino acids. salts. sugar, viwnins glycine. hypoxanthine. and thymidine: 

recombinanr human insulin. hydrolyzed peprone (Primatone HS or Primatone RLJ. a cell prorective agent such 

as Pluronic F68 (pluronic polyol> or the equivalent: Genwnycin: Upid and 1raee elements. 

10 The cuhures were conll'Olled ar pH 7.2 +/· 0.4 by the use ofC02 ps (acid) and/or N~CO, fbaseJ. 

15 

20 

Temperature was controlled near 37 °C during the growth period. Dissolved oxygen was maintained above 5'* 

of air sawration by direct sparging with air and/or oxygen gas. 

The osmolality during the inoculum expansion phase. was maintained between about 250 mOsm and 

350m0sm. 

The growth phase for each culture was followed by a second phase or mnsition phase wherein culture 

paramews were changed from optimal growth to production condilions. During this ttansition phase rhe 

temperature of the culture system wa5 dec:masecl. gencnlly to about between 30 and 35 °C. Butyrate was added 

and a certain osmolality ranse was ensased. Product accumulated during this production phase was analyzed 

for sialic acid content. 

ln a typical production schedule approximately l .2 x l ff' cells derived from the inoculwn expansion 

from the. sel~tiw srage where p0wrl in a growth phase with a starting osmolality of 300 mOsm. The growth 

medium was supplemented with trace elements. rec:ombinant human insulin and hydrolyzed peptone. The cells 

were grown under these condition for 2 days. At the.start of die thild day the tempennure of the cell c:ulun was 

lowered. Simultaneous to or following die temperature shift. sodium butyrate was added to the cell culture and 

25 the desired production osmoJality was engaged by addition of various media components. Cells were grown 

under these conditions with feeding for 9· 10 days.· The cells were fed when necessary widt various media 

components. 

Table I describes the production conditions for various production processes. 
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Table I 

Cell. specif!.c Sialic acid 
Osmolality in · produceivi:.y c::>neent: of 

Sutyra~e. produc:ion :Qet:ween day 5 1'm"Rl-I9G. on 
Process conceni;raeion pha~e and day lO day lO . 
version cmmoltl> !mO!!!molikg> (pg/d) lmol/mol) 

A l 360-420 0.6-1.5 6.4-7.2 N=4 

5 3 1 480-510 l.7-2.2 6.0-6.3 N=3 

c 6 460 4.8 4.7 N=l 

0 6 370-420 2.4-2.8 S.5-5.6 N=3 

E 6 350-370 l.4-2.3 5.4-6.3 N=3 

F 12 390 4.0 5.3 N=l 

10 G 12 490-·s10 2.9-5.2 4.0-5.2 N=4 

H 12 400-43-0 2.0-2.8 5.8-6.0 N=3 

I 12 370-380 2.0-2.2 5.5-5.9 N=3 

D. &!ioverv g[ di! TNFR.-18'! 
The TNFRl -Ig(i1 chhncra was purified to greaier than 95% homogeneity by affinity chromatography 

15 on immobilized Staphylococcus !YDY§ Protein Au described by Capon er al •• ~-

E. camohydrate Aqalysis 

Sialic acid content was analyzed by the method ofWanen, L. (19!9) 1. Biol. Chem. 234:1971-1975. 

Cell specific productivity for each of die production cultures described in Table I was plotted against 

2 o lhe sialic acid content of die harvested product. The results are presenled in Fisure I. The highest sialic acid 

content was observed when process parameters where maintained at a production psmolality of between about 

360 and 420 mOsm. and a butyrate concentration of about l mM. Sialic acid conmnt could be conttolled over 

a wide range of values by adjusdng the process parameiers. 

Examplell 

2 5 Plasma pharmacokinetic half-lives and/or clearance rates of different preparations were determined. 

The preparations containing a higher sialic acid content in general cxhibiled increased plasma half-life and/or 

lower total clearance mes compared to preparations containing a decreased sialic acid content. 

Med!ods 
Seventeen male Sprague-Dawley-derived rats weighing 272·3 lS g were randomly assigned to one of 

3 0 three TNFR.l-lgG1 ftJsion protein tteaunent groups (N=S or 6 per group). The animals were injected 

inuavenously with a nominal dose of S mg/leg of test material via a femoral vein cannula. The test materials 

chosen included two TNFRl·lg(i1 preparations from a process in which the butyrate concentration during the 

production phase was 6mM and lhe osmolality during the production phase was mainrained at about 400 mdsm. 

Process I. and a dUnf TNFRl-lgO, preparation from a process in which lhe butyrate concenlJ'at.ion was 12 mM 

3 S and lhe osmolality during the producdon phase was about SOD mOsm. Process ll. Two mL blood samples were 

collected onio EDTACS.S 'J:) pre-dose. and at S min. and 2. 6. 10. 24. 34. 48, 56. 72. 96. and 120 hours post· 
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dose. Blood s,amples were·cenaifuged. plasma harvested. and the samples analyzed for concenrrations of 

TNFRl-lgG1 fJsion protein. 

An enzyme-linked inununological and biological binding assay !EUBAl was used toquantiune TNFRl­

lgG1 in rat plasma. This assay is based on the ability of TNF·alpha coupled to horseradish peroxidase ITNF· 

5 alpha-HRP> to bind lo the receptor ponion of the TNFRl·lgG1 fusion protein. In this assay. fab fragmenlS of 

goat antihuman IgOFc coated on wells ofmicrotiter plates were used to capture TNFRl-Ig(i, by interaction with 

the Fe ponion of the molecule.· TNF-alpha-HRP was added to the wells and allowed to bind to the receptOr 

ponion of the captured TNFR l-lgG1• Quantification was detennined by measurement of a color produced by 

reaction of peroxidase with peroxide and an onho-phenylenediamine COPD> substrate. The range of the assay 

10 is 0.003 to 0.02 mg/mL. The presence ofEDTA in the plasma samples was shown to have no effec:ron the 

performance of the assay. 

The dose was nonnalizcd lO account for dosing solution concenrradon differences. AIJ calculations 

were based on conccnuation versus time data through the 120-hr timepoinl. Truncated area under the curve· 

<AUC,.1»> was calculated using the arapemidal rule and wc:ight-nonnalized uuncaaed clearance <O...uJW> was 

15 calculated as dose/AUC~i:?O- ··· 

~ 

Clearance rates ~ed depending upon the process version utilized (Process I compared to Process ll) 

and the amount of sialic acid present in lhe ,pn1duct. Clearance rateS for individual animals and the resulting' 

mean and standard deviations from Ibis study are ptesented in Table D below. Process I eMibits a slower and 

2 O more favorable clearance rate. 
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frocess I 

2.12 

2.03 

l.63 

l.89 

·US 

Table II· 

CLEARANCE 0-120 CmUhrlkgi 

Process I 

2.0& 

2.31 

2.20 

2.22 

1.99 

1.66 

Process II 

2.144 

2.99 

2.61 

3.27 

2.82 

3.42 

::.o mean 1.91 2.08 2.88 

STD EV 0.02 0.23 0.45 

Example in 
MONOSACCHARWE CQMPosmoN Of TNfRl-I1G, 

Determination of oligosaccharide carbohydrate composition and sttuCtUre ofTNFRl-IgG,. prepared 

15 as deseribed in Example 1 shoWed rhat "1e siaJic acid content 'of the. various process version varied. Rapid 

plasma clearance was assoeiared wirh high exposed Oli:NAc. IC>Wa' sialic acid on the oligosaccharide chains and 

(by inference) accessibility of the protein to mannose or galactose receptors. Slow plasma clearance was 

associated wilh more terminal siaJic: acid residues. 

A. Sources of Tes Mawjal 

20 TNFR1-lg01 was produced according to the mcrhods outlined as described in Example 1 above. 

Process I material was obtained ti'om cell culmre using 6mM butyrate and an osmolaJity of about 400 mOsm 

during the producdoa phase. Process mataial Il was obtained from cell culture using 12 mM butyrate and an 

osmolaJity of about 500 mOsm dming the production phase. 

B. Methocis 

25 Release of inract nemral and amino-sugars wu determined by higk pH anion-exchange chromatography 

30 

35 

combined with pulsed amperometric: detection. Analysis was performed using the following Sleps: 

1. Buffer exchange was .perfonned with TNfRl-IgG, (approximately SO µg/mll and Ille 

appropriate reference samples so that the final sample was contained in 1 % acetic acid. 

2 

3. 

Approximately.90 µg TNFR1-Ig01 as well as samples of reference materials were frozen in 

a dry ice and alcohol balh and dle frozen sample lyophilized overnight. 

The freeze dried samples were reconstituted in SOOµl tritluoroacelic acid and incubated at 

120° C for I hour. 

4. After acid hydrolysis the TNFR l-Ig01 and reference samples were cooled and evaporated to 

dryness. 

s. 
6. 

Samples were reconstituted with water to a fmal conccnttalion of approximarely 0.6 mg/ml. 

Separation of the monosaccbarides was performed at ambient rempcrarure by high pH anion 

exchange chromatography wim pubCd amperomcaic detection using a Dioncx CarboPac PA I 

(4x250 mm> column fDionex Corp •• Sunnyvale, CA). 
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5 

10 

15 

7. Quantiration of individual monosaccharides.~ by comparison to reference monosaccharidcs. 

C. Results 

The relative molar conient or each monosaccharide in the tWo preparations are shown in Table JII. 

below. 

MW!!1!!e:b!d~ 

Fucose 

Oalactose 

Mannose 

N-acetylglucosamine 

Sialic acid 

N-acetylgalactosamine 

Ratio 

sialic acid/GlcNAc 

TABLE DI 

RELATIVE MOLAR CONTENT OFMONOSACCHARIDES 
IN TWO TNFRl-lgQ1 PREPARATIONS 

Process I Process II 

4.3±0.2 4A 

6.S±Q.O 4.7 

12.2;t0.6 12.S 

14.l;t0.6 14.3 

4.9;t0.3 3.7j:.Q.3 

0.5;t0. l 0.3 

0.35 0.26 

The above results demonstrate that the process parameters selected for die production phase or the 

~affect rhe carbohydrate composition of lhe mature sJycoprocein. Preparations ~Ying a higher sialic 

acid content generally exhibited prolonged serum half-life. 

2 0 Tables IV and V presented below demonsuare rhe carbohydrate composition of the o!isasacc:haride side 

25 

30 

chains of the 1'NFRl-lsG1 chimera preparalions produced under process 1 and precess ll type conditions. Table 

V presents data for carbohydrates on the receptor portion of the chimeric molecule. subtracting the F. 

glycosylation site. 

T8bleIV 

EL EL fl. IL Ell m. 
Sialic Acid S.8 S.8 5.7 5.8 3.7 3.5 

Fucose 4.0 4.0 3.6 4.1 4.4 4.3 

GaJNAc 0.3 0.2 0.2 0.4 0.3 0.4 

OlcNAc 12.9 15.0 14.8 14.3 14.3 14.4 

Gal 7.4 • 7.6 7.1 7.0 4.7 4.1 

Man 12.0 12.0 10.0 12.0 12.S 11.9 

Ratio 0.45 0.39 0.39 0.41 0.26 0.24 
SAIGlcNAc: 
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. 
.lll ..m. ...fl. _a 

Moles exposed 3.18 3.2' Ul 1.32 
G lcNAc per mole 

Moles exposed Cial 0.97 -0.08 l.4S -0.26 
5 per mole 

Gal antennae 4.47 4.72 6.4S 6~24 

Sialic . acid per 3.S 4.8 S.00 6.S 
mote 

The results presented in Table IV and V dernonsuate rha1 rhc composition of rhe TNf'Rl-lgG1 are aypical of 

10 sialic acid terminarcd mono- bi- and uianrennary complex oligosaccabrides. It can be concluded that the 

TNFR.1-IgG, prepared by Process I eonrains a significantly higher proportion of sialic acid and a significantly 

lower proportion of exposed OlcNAc. Sialic acid per mole protein. indicates chat chis material would have a 

lower isoeleclric point than the material produced by Process IL By comparison with the results in Table II. 

these results also indicate lhat the slower plasma cleuance of Procesi I material correlates widl lower exposed 

15 GicNAc and generally with ·a higher sialic acid content. 

Table IV· and V demonstrate TNFRl-IgG1 pn:paraliOns comprising a complex olisosaccharide 

renninated by one or more residues of a sWic acid. The preferredTNFRJ-]JG, ~tions comprise TNFR.I • 

IgG l molecules having about I -2 moles of exposed N-aceiylglueosamine i;esidues per mole of protein. The 

molar rado of sialic Kid to protein is about 4-7. The TNFRI ·lgG1 preparatiC>ns have a molar rado of sialic acid 

ao to N-acetylglucosamine of about 0.4 to about 0.45. 

Example IV 

The pl of dle heavily sialylued preparation is lower than the pl of the lishdy sialylated preparation. 

Methods 
lsoeleclric focusing was ped~ for rhe various pRpararion described in Example n. 1be isoelectric 

2 S focusing gels separate the glycoproteins of the preparation according to their isoelecttic point. pl. using a pH 

gradieni created. with ampholytes of different pH. In rhis study. analysis of the prcparmions was performed using 

a pH gradient of 10 to 4. 

~ 

The TNFRI -lgG1 preparations exhibit an isoelecuic point range. of about S.S to about 7.5 as determined 

3 o · by cbromatofocusing, in which the pl is sensitive ro neuraminidase ueaunent. 

The references cired above are all incorporared by reference herein. wherher specifically incorporated 

ornoL 

~ 
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While this invention has been described in c:onnec:tion with specific embodiments thereof. it will be 

undersrood tliat it is capable of further modifi.cations. This application is intended to cover any variations. uses. 

or· adaptations of the inventions following. in general. the principle's of the invention and including such 

depanures from the present disclosure as come within known or customary practice within the art to whic:h the 

invention pertains and as may be applied to the essential features hereinbefore set forth as follows in the scope 

of the appended claims. 

.25. 
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I. A process ~or controlling the amount of sialic acid present on an· oligosaccharide side chain 

of a glyccprotein produced by mammalian cell culture which comprises: 

. culturing the mammaiian host cell in a produc:tion;phase of !he culture which is characterized by: ... 
• 

5 iJ . . . adding an allcanoic acid or a sah: thereof to die cell culture.at a concentration of about~ 

0.1 mM to about 20 mM: and 

ii> maintaining the '?smolality of the cell cult.me at about 250 to about 600 mOsm. 

2. The process according to ·claim I wherein me amount of sialic acid present on the 

oligosaccharide·side chain of the glycoprotein is increased and wherein: 

:. o cell specific productivity of the cell culJure is decreased by cu,lturing the host cell at a 

15 

concentration of the alkanoic acid or salt thereof of about 0.1 to about 6mM 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 die alkanoic acid or salt rhereof is.sodium butyme. 

5. The process according ID claim 4 wherein the glycoprotein produced is a mammalian 

glycoprotein. 

6. The process according to claim S wherein the glycoprotein is a tumor necrosis factor iec:eptor-

immunoglobulbi chimera. 

7. The process of claim 6 in which the host cell is a dp 12.CHO cell line transfected with the 

2 O vector canying the cDNA encoding a soluble type l tumor necrosis factor immunoglobulin G1 chimera. 

8. The process according to claim l where.in the amount of sialic:.acid present on the 

., ,, 

oligosaccharide side chain of the glycoprotein is decreased and wherein: ·· •· 

25 

cell specific productivity of the cell culture is increased by culturing the host cell at a 

c:oacenlration of about 6mM ro about 12 mM of the alkanoic acid or salt thereof and maincaining 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 du: alkanoic acid or salt thereof is sodium butyrate. 

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

glycoprotein. 

30 12. Theprocessaccordingtoclaim l 1 wherein daeglycoprotein isa tumor necrosis fac:torreceptor-

35 

immunoglobulin chimera. 

13. The process of claim 14inwhich1he host cell is a dpl2.CHO cell line cell uansfected with 

the vector c:anying die cDNA for a soluble type l twnor necrosis factor immunoglobulin 0 1 TNFRl-lgG1 

chimera. 

14. A process for producing a tumor necrosis factor receptor-immunoglobulin TNFRJ-lgG1 

chimeric protein comprising: 

-26-
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. ·I.a) culluring a mammalian host cell ~hi.ch expresses a TNFR-10 chimera in a growth 

phase under such conditions and for a period of time such lhat maximum cell growth 
is achieved: ... r . 

Cb) culturing lhe host cell in a production phase in the presence of sodium butyrate at a ~· 

concentration of about 6mM 10 about 12 mM: 

fc) maintaining the osmolality of the production phase at about 450-600 mOsm. 

15. A process for producing a tumor necrosis factor receptor-immunoglobulin ~1-lgG1 
chimeric protein comprising: 

(a) culturing a mammalian host cell which expresses a TNFR-ICi chimera in a growth 

l 0 phase under such conditions and for a period of time such thal maximum cell growth 

15 16. 

17. 

is achieved: 

{b) culturing the host cell in a production phase in the presence of sodium bmyrate at a 

concentration of about lmM to about 6 mM: 

(c) maintaining the osmolality of the production phase at about 300-4SO mOsm. 

The process of claim 15 in which the host cell is a CHO cell 

The process of claim 16 in which the host cell is a dp 12.CHO line. 

18. A preparation comprising the TNFR1-IgCi1 produced by the process of claim 17. 

19. A rberapeutic composition comprising the TNFRI -IsG1 produced by the process of claim 15. 

and a pharmaceutically acceptable excipiem. 

20 20; . A TNFRl-lgGl preparationcomprisingTNFRl-IgGl molecules wherein lheTNFRl-IgCil 

molecules have a molar ratio of sialic acid lO protein of about 4-7. 

21. A TNFRl-IgG 1 preparation comprising TNFRl-IgCil molecules wherein the TNFR.1-lgOl 

molecules have about 1-2 moles of exposed N-acetylglucosamine residues per mole ofTNFIU-lgOl protein. 

22. A TNFRMgGl preparation comprisingTNFRl-IgGl molecules wherein the TNFRl-lgGl 

2 s molecules have a molar ratio of sialic acid to N-acetylglucosamine of about 0.35 to about O.S. 

23. · The TNPR.1-IgG 1 preparaaon or claim 22 wherein the molar radon or sialic acid to Nr 

acetylglucosamine is about 0.39 to about 0.45. 

-27-


