Product Quality Enhancenent in Mammalian Cell Culture
Processes for Protein Production This invention
claims priority fromprovisional U S. application
Serial No. 60/436,050 filed Decenber 23, 2002, which
Is incorporated herein by reference in its entirety.
FI ELD OF THE | NVENTI ON The present invention rel ates
to new nmet hods and processes for culturing mammalian
cells which produce a protein product, preferably a
gl ycosyl ated protein product with increased and

enhanced si aI i c aci d content ) Perforrmnce of the cell
cul turi Ruatity B 4 Lrilture; Processes for

aspect s esult ina hi gh W@quamy of

product, as neasured by sialic acid content.

BACKGROUND OF THE | NVENTI ON Ani mal cell culture,

notably mammalian cell culture, is preferably used for
the expr e§' Bisomvention e!ammimauytftow priovidionarly. Sghpistioatdnad @il No.

bl riclioe o MAFbRRTS B3 ARG Bhick IReibfretesthsrsinhy reference i

gl yco}sre@tlat)ns are inportant, because the
ol i gosacchari de side chains of glycoproteins affect
protein function, as well as the intranol ecul ar

interactions between delELBrOMTHESQVERTIGN 2 protein.
Such intranol ecul ar i nteractions are 1nvolved in

prot ei n cBhé prasent ioventionlraizted joarey mbthods diidpbeddas for culturing
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pol ypeptide to certain structures based on specific

- cellular carbohydr algrdiRROUADOF TNEANVERYTIdRCAUA ot
al ., 1993, J. ounﬂ—nmt—”m I
91:1157-1166;,

et al.,

st,
Nor gar d e;?nlma! celll%lggre fy?tgl@y nﬁg}rpahaﬁé:ga culigye, is Ej‘gkrabfy used for
gg 1 @68exptésasin cﬁmﬁbo}ﬁbmamay petucdd, giyw?ated‘bfbw‘ ifs for therapeutuc
1- The clid onent o
a gl 35@8 ?g'i‘%f'ﬂa%‘lﬁ 8@8@%‘8%%‘%’%?&%” Eﬁt&?r 'Js"':gc‘?m'@fﬂﬂ“t 0
hav e gynopblegstare um;mnmt besauss frecoliyosasthpridgsias tiesnodf a
gl yc bsorption,,solubility, . .
Phor RpAtBichrs areBorbHndlan raho L2k 1B duiinies ol ntprapons
ser ubhetween \défelrergseglmrzs qilaysoteinl Smokl intfzerilealar interactions are
St ugl Bi&4 helBiClonftiihatidrSand tertiary structure of the glycoprotsin. (See,
e.g., A. Wittwer et al., 1990, Biochemistry, 29:4175-4180; Hart, 1992, Curr. Op.
Cell Biol., 4:1017-1023; Goochee et al., 1991, Bio/Technol., 9:1347-1355; and
R.B. Parekh, 1991, Curr. Op. Struct. Biol., 1:750-754). In addition,
oligosaccharides may function to target a pérticular polypeptide to certain

structures based on specific cellular carbohydrate receptors. (M.P. Bevilacqua et
al., 1993, J. Clin. Invest,, 91:379-387; R.M. Nelson et al., 1993, J. Clin. Invest,,
91:1157-1166; K.E. Norgard et al., 1993, Proc. Natl. Acad. Sci. USA, 90:1068-
1072; and Y. Imai et ai., 1993, Nature, 361-555-557).



I mmunogenicity. (A Varki, 1993, Q@ ycobi ol ogy,

3:97-100; R B. Parekh, Id., Goochee et al., Id., J.

Paul son et al., 1989, TIBS, 14:272-276; and A. Kobat a,

1992, Eur. J. Biochem, 209:483-501; E.Q Lawson et

al ., 1983, Arch. Biochem Biophys., 220:572-575; and

E. Tsuda at al., 1990, Eur. J. Biochem, 188:405-411).

In general, protein expression |levels in mamalian

cell culture-based systens are considerably | ower

than in mcrobial expression systens, for exanple,
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measure of glycoprotein quality.

Run times of cell culture processes, partiCuIarIy non-continuous processes,
are usually limited by the remaining viability of the cells, which typically declines
over the course of the run. The maximum possible extension of high cell viabilities
is therefore desired. Product quality concems also offer a motivation for

minimizing decreases in viable cell density and maintaining high cell viability, as
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high cell viability. The presence of cell debris and
the contents of dead cells in the culture can
negatively inpact on the ability to isolate and/or
purify the protein product at the end of the
culturing run. By keeping cells viable for a | onger
period of tinme in culture, there is thus a

concom tant reduction in the contam nation of the

cul ture nmedium by cellular proteins and enzynes, e.g.,
cel lul ar proteases and sialidases, that can cause

degrad%flo and tlrm(%&reductlon in qualltzl of the
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oxt en ity ST 1958, SN 21076 831K, Fiycdlla ot a, 1000

r epor¥-St Ha&enﬂ&qa 5,88, &gcho LlAdarOSIﬁ‘l etellt WO 89/618&XandWO 00/65070
sul f%%éf\eﬁtew'la{é“ %HQE%%@?%W A Eh&’h‘é‘rﬁaY it Rio. 4,357,422
suramn, |1 ncrease vl ab I aéns t de

Vi abltPﬁ"?fd‘Fté'btlve to the control culture The ef f ect

of dext r ae bfan%hﬁté?é wQSl:t}?‘étéH%vcﬁwo&ﬁé %ddlﬁbhr bf&g{édaﬁents to the

deat h Ehase was however report uram n
sul f ZUBuUgn e gramipfagtor 'ﬂB'é?WfaﬁUéaWrV@Saqh%n e peavericapoptosis during

~ be efé‘xp@ﬁdnvel wiR (0B Ce1T Kﬂ@y@@b&ilsa&aéﬁiéf é:orauotéﬁ%r iPog. 2000,

has b%e sF‘éémant ed to ani nal cel ture diain
or der' %1 -3ePipflowsien sEageic diden @&?ﬁ@t@éﬁﬂsi W@Sﬁ(ﬂumg the death

susp asepmscaneduit s@fafid ®ad capabRe of TRAIRIAI h
to I\/bg%ﬂﬂﬁa and & nad(;s 2 CQM ?—le alrl r?lr:d;fﬂg ﬁa@ﬁtﬁﬁﬁgme

to bidFYVip ghase, BP Hotfaélewé?rsan @ﬁ@}gl%ofpﬁgure tongevnty The same
hepatuthoky refod thatfar thd GlROAN 9WoPF M 1iRs, dektParFSttfate &RPPolyvinyl
and Kl sbr OChI m Bi ophys. Acta 1997, 1333
F1795 gil j:ou %esli llarly to suramin, increase day 3 viable cell density and viability
relative to the control culture. The effect of dextran suifate or polyviny! sulfate
during the death phase was however not reported. Suramin, dextran sulfate and
polyviny! sulfate were also reported to be effective at preventing cell aggregation.
_ Heparin has been supplemented to animal cell culture media in order to
adapt anchorage-dependant cell lines to suspension conditions (e .g. U.S. Patent

No. 5,348,877to McKenna and Granados, 1994). Heparin is also known to bind to
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surface heparan sul fate proteogl ycans (HSPG

reportedly enhance HB-EGF binding and bioactivity for
certain cell types including wild-type CHO cells (Raab

and Kl agsbrun, 1997). [Heparan sulfate only differs
fromheparin in that it has fewer N and O sulfate

groups and nore N-acetyl groups (MKenna and

G anados, 1994). For the purpose of this disclosure,

heparin and heparan sulfate are considered equival ent

and will generically be referred to as heparin.] It
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cel | c@ﬂﬁbaﬂme(m:tlbﬂ of hé;ﬁari'l b‘u&luh bionals fa(cbbrs Bn cBidredtcslls (Zugmaier

No. 5, 728, Shul 4) T

i ncr %fa@e ﬁq@‘%& ﬁg'b?eélrﬂﬂjs?‘irjﬁggg% i ?? )ﬁg hurm% °

hepat ocy tRatgntdivdritured @ctheusantidéxiranlguifatedss anitral cell culture pertain
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densgowttamte aed Dotsasatite nuyonbetr of pom:@roasﬂubmgs\more senescence
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cases referri ence-or su enmentati on of o
dext Bad2.828 fodtaymeretal mﬁw uiﬂQEﬂ,e%thalncmsef recembinant protein yield in
pres h h t e
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he death ase, or arr

t he faeler ﬁ"ﬁﬂﬁm%@l?fﬂﬁst“ﬁ Cﬁeﬁ@ld@w %Sp?@@[!'d’ﬂos‘c 64622 ANddn7 36,506
in e ‘i%@@and 199‘8?' 5) 6% u%‘é%evﬁgolé Ball G&shty G4 Febofhbinant

processes’ t Auct qual ity decreases, as
det eRrRieHERKAEGSSIgRe (WOMWG Garfigri ¢t e 199 ont ent  of

the ol i 9@ 2 FdpRIEY BasHNERPINGUS thE Sresbifidérdr svippiBmentation of
dextran sulfate in a medium, dextran sulfate was present throughout the culture
time in that given medium. In no case were the benefits of a delayed addition
reported. Moreover, it has never been reported that dexiran sulfate can delay the
onset of the death phase, extend the growth phase, or arrest the death phase.
With increasing product concentration in the culture, it can be observed in
cell culture processes that the product quality decreases, as determined by the
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lower Iimt for an acceptable sialic acid content

exi sts as determ ned by drug clearance studies. High
abundance of a protein produced by cells in culture is
opti mal |y acconpani ed by high quality of the protein
that is ultimtely recovered for an intended use.
Such high protein quality is correlated with the
degree and conpleteness of a protein's glycosylation
structure, with sialic acid content used as a neasure
of these paraneters. It has been reported that the
addition of D-galactose (4 g/L) to the basal nedium
of a waasured sialiccacidrontentiof theeligesagcharkieTilyoostryckurp. Usually, a
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CfIC recuc{sor for. siali.c _aci,d
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01155075 o g BBy, KNG P8 Wb oo
suppl annentet sigiplatién cf diycopetaimsidintrogducing into celis in culture a nucleic
N-

ac; d 395 PEURRG Do MRIGE O CTARES ol HidH i B ate-
cont dimitingf enzymerie Mmsyamtiqp@ihwdngwsmf@mupwqe sugar, CMP
9' y ¢ %?ét%ta%id” h 9 sftdr Vr(a% §9 A g?ér{;g d(al o O Sibtech. Bioeng.,

ntation I nvolve
conpcﬁﬁéﬂmtacﬁqﬂh desagibe @umerpemtmg culiureiregdjuna mith rManNac a specific

anal ygL&ur&lr b Kalic acid synthesis, to increase the availability of CMP-sialic acid |
and improve product sialyiation.
Similar to WO 01/59075 A1, X. Gu and D.I.C. Wang (1998, Biotech.
Bioeng., 58(6).642-648) disclose that the supplementation of culture medium with
N-acetylmannosamine (ManNAc) increased the CMP-sialic acid' pool in the cells
and uitimately the sialic acid content of the recombinantly produced human IFN-Y'
glycoprotein in cultures of 20 mL scale. ManNAc¢ supplementation involved an



produced product after 96 hours of culture. WO

01/ 59089 A2 (Genentech, Inc.) discloses enhancenent of
intracellular CAD activity in glycoprotein-producing
cells made resistant to CAD inhibitors. This

publ i shed i nternational application discloses that CAD
refers to the nultienzyne pol ypeptide conpl ex

(car banmoyl phosphate synthetase (CPS 11), aspartate
transcar banoyl ase and di hydro-orotase) that catal yzes
the first three reactions in the de novo biosynthesis

of  PHitiaMhgdifieSof RS Ebinpbhatt ko/thedDitured babY th SiahAaticardrafsis of the
to UIP. CAD-resistant,cells are reported to have
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with, a hi ve r qduc | u as . .
ot olrensad bpPisaladise Bl e Ml inciereed BREoglatch of the protein
desi pmﬂiuctanﬂDHeﬁlied)sgwb khdwrt Substate. in Sid\dHAdRsyIaio piithway.
| NVENTI The ,present i nventjon_ provide e
o Tt e IRy BlodufhERbltToBhu: 7R aftBloBEAF Gt Tiated
r ecoatu sialytateat art dionegeirgiuindcomingomedipallyfamdaiihigally important for use
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addi Lliuﬁ’ﬂ éHed%oQPih%%é’&.e tothe culture. It is an

aspect of thi's invention to provide cell culture

processes for the production of Horotei_n hoducts,
preferably glycoprot ﬂ%ﬁ@mﬁ-
preferably, reconbinant glycoprotein products, in

whi ch t heTtmi prbsent invattiont profidésreew plogesses ddreha praduiction of

par aRETTs PP EPY SR pioans PRI ocflepPf BRlbay SnBbbtoten
accopmbdocts, i ariimal qunenemalizsh @l asihees. The éll culture processes of this

Igln; g@%«?@[&glaﬁqc?@%ea&u's@ acRiRLE 3k ir%];'ee}sgﬁ aRA AAHSGRDd sialic acid content
of the glycoprotein product produced by the cultured cells through the use of a
newly-developed feeding strategy comprising the addition of D-galactose to the
culture. '

It is an aspect of this invention to provide cell culture processes for the
production of protein products, preferably glycoprotein products, and more
preferably, recombinant glycoprotein products, in which the sialic content of the
glycoproteins is increased and enhanced by the culturing conditions and

parameters utilized in the culturing processes. In accordance with a preferred
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i ncreased and enhanced by the use of a feeding nethod
in which D-galactose is added to the culture in a
feed, preferably in a feed medium According to a
particul ar and rel ated aspect of this invention,

D-gal actose is supplied daily to the cells during the
entire culture period, |leading to an increased

D-gal actose content of the product and to the
addition of nore sialic acid noieties to the

gl ycostructure, thereby increasing the quality of the
final glycoprotein product. It is another aspect of
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roc rotein roduction in which to
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day, & Q a%.ée ad the 1ike. Feeding nedi um

cont aPﬁ?ﬂéscﬁ-egé? ot 3EEVEan be added to the cul tures

- one or miirieatfihes ageict oidlie pi%seﬁahmﬁoﬁ eeplovige aagetived sf
=

t ooa geRERd g salietth o FFFotEhed protlifer g irBafeliy The method
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Fﬁbnt‘égtplﬂ% %Q@%E eg [}P&ih%l%a& %ﬁéﬁth‘ifg%aﬁf eelc-}f i‘awalla Bﬁf‘ and the

or D-ligal Eee@e@ medivm ¢eaidiniag Degalantosedanihecaddad dmthercultygss one or

a nor}né)ﬂerﬂn{ésg:%r %f‘ "Ple A Hh@ecﬁ%*éﬁn?#@“ﬂ% 4 agily Bidd Yeeding of

D- gal act ose
t her éhmyltttﬁ@vwf’mf@edmamdim and @rqunquriemrw dlrcmbr ifusion of

I'n anQéJiﬁﬁanﬁﬁluﬁ ﬁtoqﬁé) Sé“ Suttuld® 1R 6FRFALpecltY BYdiRose can be fed to

provi des
the culture at any of the aforementloned intervals in some way other thanina

feeding medium. As non-limiting examples, D-galactose can be fed to the culture
in a medium or culture medium other than in a feed medium, or D-galactose can
be fed to the culture in water. As a non-limiting example, the culture may be fed
with D-galactose and also fed with a feed medium, i.e. there may be more than
one composition being fed.



process for increasing protein production and the
sialic acid content of the produced glycoprotein. The
process further maintains and sustains a high | evel of
sialylation of the produced protein, as well as cel
viability. This aspect of the invention enbraces an
enbodi nent in which culturing processes that involve
two or nore tenperature shifts during the cel
culturing period are enployed, in conjunction with
feeding the cultures with D-gal actose. In this aspect,
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bet ween 't he shi’f I gh proteln yi
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pr ot gloBudd #db&itedGHBePprogit, er)é‘?ﬂ:ula-ﬁk?ea g%ctdr&bﬁ pr%dua:t Two or

tenperature shifts conprising the culturin

can BeM &5eablest tphiempeeatureyshiftgwhighy mw.bp;pedprrm%@f&rﬁhe
pr Odgiﬁﬁvth FHasBRf kh%itﬁ#&éﬂldﬁs@ %el pr\'.’»bég%bg bk thisl d¥pebt the irivention.

duratjon of a culturi peri od preferred paraneter

assotitisiipest tve lemparaiureshifise P@Fﬁ"fi'?ly with |appg3x|mately four day

increments between the shifts, a high protein yield with a concomitant high sialic
acid content of the desired protein product can be achieved. The multiple
temperature shifts comprising the culturing methods can achieve both high quality
and quantity of protein product, as well as sustain cell viability for the duration of a
culturing period. A preferred parameter associated with the temperature shift cel!



cul ture processes as described herein is the feeding

of the cultures with D- gal actose, preferably with

f eedi ng nmedi um suppl enented to contai n D gal act ose.
Most preferred is a daily feeding regi men. According
to the tenperature shift cell culturing nethods of

this invention, the conbination of a second, third,
fourth, or further downward shift in tenperature wth
a first tenperature shift allows the cell cultures to
sustain a high cell viability and provides in an
enbodi nent of the invention, for an extende
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accordance w rSr esent 1 nvent
cel | svasampinyedl| The ledothef an enimea;ulttrra murpeart laet fefm as short as just
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a nohe thirg ngh%saawreperaturwlfg {fepexam& aRevt ¢ t@tﬁ1ffiayﬁ)st° as
carr i Lpoafd @l éd)&\@s ofr H‘ﬁ)r& UTHus! & dcBBRRhed wmetﬂeﬁmmods of the

initially maintal ned C, or near 37C, from day
to alﬁfﬁfﬁntja\gﬁ'won,fqeaﬁp@b%ww for a&talusupea%ofmeatﬁh@an 10

days, greater than 14 days, or greater than 21 days. Preferably, the culture run
lasts for at least about 10 to 14 days to about 21 to 30 days, or more.

The total culturing run can comprise two, three, four, or more step
temperature shifts. As a nonlimiting example, a two-step temperature shift is
carried out as follows: the culture temperature is initially maintained at 37°C, or
near 37°C, from day O to about day 6; from about day 6 to about day 10, the
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9 culture tenperature is maintained at 34C, or near
34C, and from about day 10 onward, e.g., to about day
14 to 28, to about day 14 to 18, or to the and of the
culture run, the culture tenperature is maintained at
32C, or near 32C. A three- step tenperature shift
culture procedure according to this invention
conprises the following nonlimting, exenplifying
format: the cell culture tenperature is controlled at
37C, or near 37C, fromday O to about day 6; from

aboutulay tdmpetaturediB MintdRkd 11934°t3hSr ﬁéﬁr BYHS ahﬁrmﬁﬁ Q!Bélft %ay 10
is mai ntai ned at 34C, or near Y rom about

Lo ABBUR ARG 10 sk Say 3f 10,78 9 BRYEcaY df &0 T8, G HEaTLal the

at 33GHur®¥tun, mm@%ciem?aﬁhtﬁrémﬁh%eddébzé@ RNORF §2°C A three-
to about

€.g., , .
the &R gPPeRLIe ﬁgfﬂ chlfpre @ERQBEIWQ aeeprginode 8’?‘%’“"9,"“0“ compnses the
mai NicbRig rdhinfikg, é&bmpﬁ@ﬁ\@ fé’aﬁﬁ’t fﬁBlb‘éli caIRd ﬂ#ﬂﬁé“rhtu% is

t he gresent cel | culturin ds conprisin

mor cCRBIIES 2L SF°5: SHATEF 871 T Y G1oGAbout o S P Alout day 6 to

qual labdut@lfay ROOhE lcniuné mﬂﬁérmﬂa b%alﬂﬁhbﬁ‘éﬁm"tﬁ or near 34°C; from
avi n

benef ture runs

bt B 3Pt Shepl rhf 14,18 puhie toriesaiirert aitapad ol 327G, or
ays earB26C pArird Bbet daynaohwafd q ab@tﬂrﬂa endyay 30, or
Id )1 rﬁ«‘]ﬂ‘ pariDfrd | hwas iy..ab d
on an roducti on run. o
| onoBhoti e, feihe 2 PLPEY®. e Haluss BrigbituGas maintaiped at 50°C, or
t he nedrfsoas. of this |nvent| on provi de an extension of

or_stand roducti o

br oduct i oy SrRABER ME e S3T pdHERg metncll Fgfpheing two or
st anoarsiteptpadiiatsi shifts it avtichdighuyuantity aind epalitabf prateimp@duction is
d 4 b two, th

or” S Ba i bongrGBLnGiAe ettty BT hing BrbiBr, 44 Sincars
acc odldamrs (eigt.rabhi 10 forabent 1bdayshibyhalgo &dricujurarrdns which can
et ol B BRI GRSy e d g
aboutung @rel dchiiempd beocausetthe aethadls of thissineéntiab paevidd an-extedsion of

day SthQr:mf’.'Br tta?nE?m}%Vr ctith él'i‘as%rcfi fltGin FBF&E:‘EEE&A @Pth%rb‘énltured cells

product quality in’c ture yrng'n
shi f {theinitiaper ertwlard @rnduq*t@nwélaae aearss in generalnateﬂmuhéays 6to 14).

of {8 Sarpld SH o %%P%S nthréenlﬁlel%llquwgé&‘tﬁrg %ﬁlﬂ%% the cutture

culture met ho 1 SIN grea er two or hr ee
{ enpeindt apcordaiop withdbis inveptiarh bigh axpiy end prandiveof proteln

mul t;broﬁ&cﬁ@ntaﬁfm:@ﬂ ﬁhb’iﬁ@ cﬁh 'bBtma{lMQﬁed aR4 bastaihgd Wlétléfa@ fin time of

essenti al | ) describ for a three st ep cul turi ng

per i put é‘?rd‘*é’&bﬁ ta ietal “d'b%’iﬁ/&f abaub g 28 days ordpeRe; eompared

are Wiﬂ{ é@fé’f?ﬁro'dﬂéﬂdn dnBPr&diét Qhalty g comtrbs! éﬁplb?fnb_ciﬁr tefpErature
exﬁ-g%‘fé fourth downward tenperature shiff, 7i.e.,
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In another of its aspects, the present invention provides cell culture
methods comprising greater than two or three temperature shifts as described
above. In such muiti-step temperature shift runs, cells are cultured essentially as
described for a three step culturing period, and additional downward temperature
shifts are performed unti! the end of the culture period. For example, a fourth
downward temperature shift, i.e., temperature lowering, can be carried out
following the third temperature shift culture period, in which the cell culture
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followng the third tenperature shift culture period,
in which the cell culture 10 tenperature is further
shifted fromabout 30C, to about 28C or 29C,
preferably about 29C, on or about days 15-19,
preferably, day 18, fromthe start of the «culture.
Addi tional tenperature shifts can be included in the
cell culture nethod, wherein the cells are nmaintained
at a |ower tenperature, e.g., <29C, to further extend
protein production until the end of the run,
preferably for Ionger than 28-30 days. In all cases,

t he peropemturgisdtdhasshifipd from ahout 80°6: ta ahwubRfCosr 2976, preferably
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10, the Accordingly, in another particular aspéct for a two-step culturing method as
described herein, cells are maintained in culture from day 0 to on or about day 6 at
a temperature of 37°C, or near 37°C; on or about day 6, the temperature of ihe
cell culture is lowered to é4"C, or near 34°C; and on or about day 10, the
temperature is again lowered to 32°C, or near 32°C. In one aspect of such a two-
step temperature shift method, the production phase is extended beyond about
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tenperature is again lowered to 32C, or near 32C. In
one aspect of such a two- step tenperature shift

nmet hod, the production phase is extended beyond about
11 day 14 and continues to the end of the culture run,
e.g., until about day 21, or to about day 28 to 30,
during which tinme the cells are maintained in culture
at the |lower tenperature of 32C, or near 32C. Protein
product can be recovered at the end of the extended
production phase as further described herein. It is
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at the' en unB&run eeln%ﬂ,
vi abvith a decraawﬂn@mumpéﬁel byis apgl ﬁ@e@wd@@n FSeof qeﬁe g dying

IS tduns oferdPREMThé Eﬂ'z\furé EfHE f:ie@@ndefbftc'éﬁ dBIMY A tﬂébbﬁt@nts of dead
of the cul ture nmedi um roteins and enzy

e. g.celig iy thgicufturgcap Sagaben padion therGUY 10 iSQlaté angior purify the

Causfofosedadtia®theadhdl oflthd SRANG ﬁﬂiJCBy I@épln@ déllél{nlablﬁ féfa longer
the desired gl ycoprotein Fwoduce

ot heferias pbtime i pullure. dhoraye s aﬁonefm\%/qm rwg'%%@é% gantamination

t hatofity/ aliies ﬁﬁelunﬂ@} datBstoRfHE dnd@hzAhed) @y AHlINRK proteases and
conpound are e nj unc

in co
c ol TlgeseR, et Bhr Shisa dABEAcah ARG uEipte tedypiann guaity Ofine
I NV eddsired glybérbtein produced by the celis.

In other aspects of this invention, culturing processes that involve the
delayed addition of polyanionic compound are employed in conjunction with
feeding the cuitures with D-galactose. In one aspect of this invention, both
culturing processes that invoive delayed addition of poly}anionic compound and
culturing process that involve two or more temperature shifts are employed in
conjunction with feeding the cultures D-galactose.
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cul turing processes that involve del ayed addition of
pol yani oni ¢ conpound and cul turing process that

i nvolve two or nore tenperature shifts are enployed in
conjunction with feeding the cultures D gal actose. 12
In these aspects involving the del ayed addition of

pol yani oni ¢ conpound to the cell culture, del ayed
addi ti on of pol yani oni c conmpound achi eves i ncreased
cell wviability. Polyanionic conpound preferably is
dextran sul fate. Polyanionic conmpound is added to the
culture at a tine after jnnocg%atlon I n one as

ect of
the i nverle isseiashetts INgVigIths deieveddddition o polyanionic compound to
pol yal 3 eGiturs CHENR/BGAdRBh wﬂwymﬂ.&n&m&m acﬁ.eww.adreased cell

toacuture at a tinme after @Bnoculatlon
f

bef o¥igbilite RRIGANIRNIGEPTRROUNAPIRTPIVAS depdeanPuifigs %’O‘VS‘P'C’P@
dur i BEmpdiid is BiddcPio 186 Bllkuie BNAGMe aftér ihSodiidtiong t he

2bout t hd" &f6 8pee ALIMeENGh BroMph daRuLSddrieh of botyBhioni
acc Ob&ﬁﬁ&ﬁ\dV\ﬂpbh(athl& oamgeaﬁ% Rfadtb@to 4 BIRME bDA :lrrz:é hger -
ro and/ or e .0, e dea
o haslollaien s isboRiE o seprata sl feimbal deafphass, or€blling the
E ev eindial %r%wgm ptﬁr%él biig ﬂﬁhﬁg/me(smlimdtﬂag dﬂﬂgi uhmamrawmhmmse or is on
egu t eath rate.. at uce t.her
asge gf'?a%dc% ithe %ﬁ'EQfEWE" g%dﬁ'e?fc?glagc%mw ﬂ]’seasm of the
duri Imgelﬁtlm tHel’grﬁwtalphdsatsiexdeSe and/or theamiselofdiee dedti phase is
t hi t [l t o
e e L
pr ef alnaﬂdwaﬁmgom thé dedthgateny gredthoredacatl. as furt her
descri beq ahgtégvgsr?getcp gegg%%c g?ﬁswg a&%é toCéJJ:JtMFeedunng the

processes i
gal awitasdeatio phageniln goécedahwgmtmms @spect of thepexsintipn,ycell death is

suitg %ﬁeé A tptéﬁ F%%ﬁ%ﬂ agfseve%ﬁl ng%e CTLA4

nol ecul'es” an ‘ecul es, such as
CTLA4l g Iandotmon@ieza@wa@pemwf ﬁu%m@rrtl@ﬂ agehgs divihendgscribed

sol “Héu%m%‘éu@’b&fé&& R B Euntﬁé’bﬁé%&egﬁv%ﬁa%é&lﬁ% with D-

nmol ecul’es are roduc uantltly and “qual i by
host galaeipsescepdaining deading @ﬁ@ume espacil éﬁw@%foaﬁw Production of

pr odygenib 'ﬁﬂ‘i% PhAb&lidSand(sefifble EXBAPHREant n@ecu@%e&ﬁ;hra%dﬁm&tlg

enbodi nents of the present invention enco&ass

cul t and hlﬂlﬁM@é’Ig dn miaw' pgbesmants gselukie b&é}%ﬁﬂ%@s and

usi ngo itk GTRAG rhREMSHSIESUISS aré?ﬂrcfdu‘ée@ ARG g6kttt dhd quality by host
feedln of the cultures with feeding rredlumconxaln ng

D o885 cepatically engipearsd laguprens and produge fegsesreleln
amoupksm@ibs Bisyhpretedréd dmbddiménta of fiethrbsdmt E&Bﬁﬁﬂn@amom pass the

OO b el rerdo R A SKLiEE el a0 Smperature

i ncl yeles Bathbihéd Rith RIERIMIGAS! tHeceultidstwith feeding medium containing D-
galactose during the culture run to achieve iarge amounts of high quality CTLA4Ig
and L104EA29YIg products, as determined by sialic acid measurement of the final
products. Other preferred embodiments include multiple temperature shift
culturing processes along with feeding the cell cultures with feeding medium
containing D-galactose in an amount effective to achieve CTLA4lg and
L104EA29YIg products having high sialic acid content, as described herein. Other
preferred smbodiments encompass the culturing of cells producing soluble CTLA4
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cul turing processes along with feeding the cell

cultures wth feeding nedium containing D gal actose

in an anount effective to achieve CTLA4l g and

L104EA29Yl g products having high sialic acid content,

as described herein. Oher preferred enbodi nents
enconpass the culturing of cells producing sol uble

CTLA4 13 nol ecul es and sol ubl e CTLA4 nut ant

nol ecul es, such as CTLA4lg and L104EA29YIlg, using

del ayed additi on of polyani onic conpound conbined wth

f eedi I i j i IR0

D galdpiles Of) b CRE A dulaiiitocifes Bher 48 FLARGENA0
t he dulOdBEARSYgotising:tidlayqst astilitionrad palyanianig camgound combined with
L104 [ I £, db: 0]
corpaaedie S PRlrer itk RiocRinbiR copuafiad BalaBitncss. Other

Wi t h drefedied gmbbdiriestscencompass thier qulttdngiofrglispipduping CTLA4Ig and

cont gi ! BUbibs bf SonRid ud&hddhdhipl
advany SRR 8 R0 BEod BUHAT ! FARFRI oqruaahathipi
appr deinperatire pifis gsombingd with Jeedingofdbe suifuses with iqeding raadium
of t W i a consideration of the
draw’r}‘%gg%iﬁ%{ar%% SCRI PTI ON OF THE DRAW NGS/ FI GURES

FI G 1 shofwriharaspeeisfeaturss angadyontagesofitbe Brasgnt iBygniien will be
CONMPry A df'hd BStalRRsisBaptIRYS Ha AVéritief and a

t he p%p?crzfg%g%#%e?%cq kUre at 50-L rg%ctor scale to

obt aigaengidgetion ot ibp drgyiegeigurehianel y, the CTLAdIg

fusion protein. As observed fromFI G 1, the degree

of sialylation i DESCRIPTION OF EHE INGS/FIGURES! i on
(12.5 g/L) of D-galactose in the feed nediumat 50 L

reactor s . .. Mor.eover f [ . . -

b gal act o EE-dnelnine deupe P A TREIRA 2 RN Girton L pring ©-

g/ L gedhctasepothiet fovding frfesiatns daingithe peicess pbdejli cativerat 50-L. reactor
FIG 2. illustra | | | st

o Sl BT FaeiB JRE), il 98 €735 g prptin. 4

r eactabsened fremdfifl dythaglegtes of sialylationdgncrerbetedth agigher

nmet h . [ [ i

e oyl 2% G DA ing e G S, o sl
pr odUderieovarys fuither inotease ehietlygdlacteseperideptiatian/in the feed medium
affe Liba ; FIG 3 shows

t he ﬁé?ﬁﬁﬁ' B%fagﬁg%%\éé;gﬂ%%&R?}?Ag@%fgﬁﬁ@gp.l cul ture of

the i nveFtG.@illugtratasdhe impast of Btdainstase onpredyst fiter in a 21-day cell
D gal . ] . . . _

e 33 B S RS ) B e o o

the the ptesentiioventiomsas aheervedia RIG: 3,the fiter inggaase((j.e.ecell specific

days Bsdblvity) REs hEBldN@to & significantly affected by the addition of D-
galactose.

FIG. 3 shows the residual D-galactose concentration cell culture of the
invention at the concentration of 12.5 g/L. D-galactose in the feeding medium,
which was found to be optimal at 50-L and 5000-L reactor scales. During the
production phase when the titer increased (i.e., days 6-21), the residual D-
galactose concentration in the culture was preferably = 0.25 g/L.
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gal act ose concentration in the culture was preferably
> 0.25 g/L. 14 FIG 4 illustrates the scale effect
observed during the scale-up of the cell culture
process to 5000-L for the production of CTLA41g. The
sialylation of the glycoprotein was found to decline
Wi th increasing reactor scale. FIG 5 shows the
reversal of the scale effect after the addition of
12.5 g/L D-galactose into the feed mediumwth
feeding on a daily basis. This D gal actose feeding
techni que_al | owed the productlon of large anmounts of

hi ghly si BG1Rdliustratesthoacale pifeqt gbgpsvectdiningthe seale-1p Af the cell
I eactc@ihsre prddess o SRS Tdr B ;erB@cﬁiTon of C‘?Lﬂilﬁr Rk sg;llylatron of the

tenperature shift profiles on cel vi abi
cel | §V&ant°tﬁ"wa§{°Uad5° fleglipe with *mqeasawwioswl% These

results vwexgs &B%hﬁ@@vé@mf%s@@&féc%ﬁhg RaGtioP&%12.5 gL

in Exanmple 5 herein. Conparison iIs

Ul © AL BHIREinRR G® forrlnRig Wi feedipa s iedy bR Tiis Brgalactose

T-sh |fééd|r)g teéhméde’kﬂlo@leh B proalction of irdd a;ﬁoé#t@ 3# Righly sialylated
d tenperature shif

T- ShIL';{JI ﬁlﬁ\ wo downwar
("do Lé‘“ﬂ'g rgg-sgale praductoneaeers: he i npact of

di fferent Fltae BRPORE HeBimpatl df difePdrit lté?ﬁpé}atuﬁééﬁxﬁ Broflles on cell
viabilit. cells cultured at a 50 liter L)

r eactB "é’éﬁf %ells?ngggd k3 glites (k) @acton il TT&?BFPWM%G

expe robtm@uwﬁeﬂ@reszmnéms Eéaémbs PERMHSRE B. he?&ﬁpebmwﬁgon is
is made, bet ween cul turjn hods i nvol vi ng

down 98 W&Q?W@‘HP% §'V°'t"'“9 P ;S?'Epera'é‘ﬁ? F*E*ﬂ)( "aersh'ﬁ ) a
two dingleveimgetaturp ehitl(tirgles Tishifty dhddwe BbRnwaiitbipedature shifts

FI G nucl eoti de sequence (SEQ ID NGO 1)
and éﬁBg@gfﬁ&ﬁf ﬁo acid sequence (SEQ ID NGO 2) of a
CTLA41lg HRIGL. Aghews thgrimbagta Wifdeant aemﬁelraiuteymft pﬁiﬁie@@n cell

o or RRINIP SRR kb 8% 56 G 90 berctd Spfeagpng feguts were

- aci-dobtingd diom the expdrimerds desmibed mgsmnpaé Hmllel‘&'l aComparison.is

pOSi S art| aci-d.at Rosi tion

To”r el petyach b BihahodEioiha Biffe ko Ml eedafes s

| D NGiripje '&abllftﬁrand dweal dawnward teoperabrg) sldfis §'dOBREETHRIfR").

NG 4) of & =T Y. havi n

a si Zgnal pep ldoéicwé iegggégéﬁeﬁgéw Eﬁ%dbﬁ%n% dec?ammo
CTLA4cid sequanag (SEQ IR®MRefian@Tld4lg baving asigral pnprlide a wild type

endi Qnr%tac %@%@h& &%éje fg,ﬁégd&%ﬁ POTLAL 5 | H'%thionine

at a ani ne a at aspar
at paipasition HIQ&Spmatadm at gosntoeguieﬁ orléla@tmg@t almpme:ais:osmon -1

the RiuhahiE a3 4 pSSRUERFSY, GREGH IPddn®) and encoded

FIG. 9 depicts a nucleotide sequence (SEQ ID NO:3) and encoded amino
acid sequence (SEQ ID NO:4) of a CTLA4 mutant molecule (L104EA29YIg)
having a signal peptide, a mutated extracellular domain of CTLA4 starting at
methionine at position +1 and ending at aspartic acid at position +124, or starting
at alanine at position —1 and ending at aspartic acid at position +124, and an Ig
region.

FIG. 10 depicts the nucleic acid sequence (SEQ ID NO:5) and encoded
complete amino acid sequence (SEQ 1D NO:6) of human CTLA4 receptor
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conpl ete am no acid sequence (SEQ ID NGO 6) of human
CTLA4 receptor 15 (referred to as "wild type" CILA4
herein) fused to the oncostatin M signal peptide
(position -26 to -2). (U S. Patent Nos. 5,434,131 and
5,844,095). FIG 11 shows the inpact of del ayed
addition of dextran sulfate on viable cell density,
total cell density, and viability in a culture in

whi ch dextran sulfate was added at the end of the
initial growth phase. These results were obtai ned from

the (é&?@ﬂ't@ﬁ@t‘ﬁldqw o1 Ad He'?euﬁ?‘ﬁ%ﬁ ﬁ tﬁe Bﬁé(ﬁ-:'td’im M signal peptide
Conparison is made between dext ran

sul f épesitipns2Giedel (b’tS tﬁ?ée'ﬁrﬂfsoﬁ 4?’ﬁé3" ﬁﬂt’ 5&44@9% h

phase, aid, ¢y LsﬁéWsetﬁe lifApad| 'o? Belﬂﬁbdjﬁd&t\’d%rbf ekttt SultéBsSon viable
added. Average values are plotted error bars

r epr 68lbgignsiy.delakgel dgasityaand Wabifitydn a pplturg dahich dexipypsyifate was
of dehaarst tﬁédgh& biQAe Mlitiatl §rowiiR hasd. TRES RBUIAAE obtaitéd from the

It is alogarithmc r%resentatlon of the vi ablg cel |
densPriesinents descifrctin Snample § herein. frraransar if Padgkptween

obt abﬁlﬁﬂesf NQRiSH RxBER SHIAE WaS al@sd At thS dnd Bf ﬁé%ﬂﬁél@r&ﬂh phase,
her ei n. npari son i s made between cultures in

oxt P oduPIn SR ACHARa SHILh MBS SGHE ATTRDT YRppSpre plotted:

QVO%HDME@%K@Q&t Sthihddéd BSvikfionhi ch no dextran sulfate
was added ver age val ues

re plotted. [0
r epr esentFISt 34 FAPYES Hie/inger W@é? aﬁ&“‘%‘hg{lﬁe’qrﬁ’é SF'?I%%BP death
gf dedtey Rk a?téiéaﬂthﬂb r@ﬁred@:;ﬂhf‘@ﬂoﬁhé fvag@l &:1 déhéitidscas & @lriction of
ens ot a ce VI abDl. | |
Qo i ThoSeiestiyuart pajanad 4ol the, eperimetls dederhen Examete 8
I Ni t hédeind €@drhpdriBas B. maddiatsawees ud:lttﬁey\arvmﬁbdmraa guffatowas added
9 hereln

Compat PG PE Bl SR Bhase: 2B FhrEs MVl B ey syfate was
sul f ad@dl\/ala/emtwe/_dlwa mreploliék Endtbaas rapeedent sthadad denidtion.

T Shous T 13 M ng e of A i B peRERTup oh viave
sul f eglbdemsity, itathl cell desdity, Mﬂablyty ini atcakture dl whidie dextran sulfate was
o0 MG b e R i o

r es uexperiwents ddstitiaddol Ekamoplet hbereinx ;ﬁmmmlsbls isceads béjwgen a

in Eélﬂﬁpéﬁ ?I{:](ggxg'éﬁ]?ul%m%;aa By Hﬁru{g;tgg rﬁtﬁ%\ﬁg&tﬂ taﬁee’ and a

culture 1n Xtran su e was urin
i ni t fEluredipawtichpivedaxiran sdlfate wagladded. i n whi ch no

dext f

densi 1y, 115t B SRIRGRREE oFdsty BBy MeRRLSofifld o viabie

i n weslcdendity tetalrcell dbmsw{eamh\salauu dra oultuteyn whidﬂ deﬁean sulfate was
cul t i dmﬁg the |ﬁ|ﬁ%l éf&%th%e ?Ik?és%'lr%&ﬂtsfv['é?@obﬁﬁ'\ed from the

experiments descri
experiments described in Exampie 10 herem Comparison is made between a

culture in which dextran sulfate was added during the initial death phase, and a
culiutre in which no dextran suifate was added.

FIG. 15 shows viable cell density, total cell density, and viability in cultures
in which dextran sulfate was added on day 0 of the culture. These results were
obtained from the experiments described in Example 11 herein.

FIG. 16 shows viable cell density and viability in cuftures in which dexiran
sulfate was added at three different times (day 3, day 4, and day 5) of the initial
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FIG 16 shows viable cell density and viability in
cultures in which dextran sulfate was added at three
different tines (day 3, day 4, and day 5) of the
initial 16 growh phase. These results were obtained
fromthe experinents described in Exanple 12 herein.
FIG 17 shows the inpact of different tenperature
shift profiles on viable cell density. These results
wer e obtained fromthe experinments described in
Exanpl e 13 herein. Conparison is nade anDng culturing
nmet hods |nvoIV|ng no tenperature shift

T- shifawth phases Theseresipupraobiainadirem ﬂ(e @W@nmegﬁuqeﬁm)bed in

and EBmpROMWNREH. tenperature shifts ("two T-shifts").
FIG 18 shows the inpact of different tenperature

shift profi@ a2 smws/thaumpawf diffprand ferppaspippesshift pefites on viable

obt aicapdedsitp Trhél rBXRRIWIB BbRirdATFdn h@%xbamﬁéﬁ«mbscﬁb%d in
herei_n. Conparison_is made anong cul turing nethods

i nvoﬁ?fﬁ'ﬁa'en@ heseipfPampguison sﬁwmﬁﬂe ameng w'gmngtmgtm% involving no

si ngi@nﬁ&ﬁﬁ}% SHifel [“Ro Thinke, 6 s‘ﬂ{ﬂﬂe fEmﬁJ@rithre)shﬂf‘@oﬁé’m-shlft”) and two
downward nperature shi f shifts"). FIG

s homEOWﬂ‘éarldr?ﬁ'SE?faBFe ghifts éT“é?lT SP@ﬁr)er ature shift

profiles @, 48kRéws m'éhﬁﬁé‘ctfoﬁaiﬁet'ﬁt Y&ﬁ&r&bf@émﬁrohfe@% viability.
the experinents described in

Conpahegoesults wergebtaRatfram F'}elﬁ’ipﬁ@mﬁﬁ%"r?&a%"%ﬁ'\)'a ﬁff‘rﬁﬂ’e 13
no t AERAT. @oﬁﬁﬁns&ﬂbfrﬁac{e e[hﬁbn'&cﬁiltufiﬁg Methdds ifv8lvihg no temperature

t enper one T-shift own
t enp i idpd St Sndle femeerehre s fioneyE R g two downward
SESCFangﬂrmeC&.@ﬁwoW&miféﬂp\lt The pr gsetnt i nvention
escri bes_new. pyoce ses r e uc

ot ol ne. PR 40 BRSSP idpesiof MR, gt st St protles on tter
mo:r leTﬁéﬁ resaty \yl_?]@o]bféf&lmdﬁclﬁﬂti the Plpefmeh, desmﬂmmgamme 13
ce cu re. e ce cul turi es accordi.n
Co L np. Kalinalid R Saneinong culintd RefoaR bRl B fperature
ﬂ]al Bmlft?‘mbd'&ﬂmﬂ),leﬂémg]é térﬁmratg!'eydm#ohﬁmsﬁwmml > downward

e cul ture el s.providing a high quality
pr ot |"PPer?)t He a%'éfis (S‘t“"’mé‘”éﬂj of the culturing run.

Cul turing processes involving feeding with D gal actose
This invention is directed to an enhanced process

(met hod) for th%eﬁnéﬁﬁfﬁﬁgcﬂﬂpﬁoﬁbﬁﬂﬁé gg\?énﬁon .
particularly re l'ian

cell cultures, in whic he sialic acid content of fhe
produced T§IRf E%Fm‘ E’t"é'n’“i'Pr! SPRRGSNRMERIOBSSSPR g"d Reprgpluction of
new yrotsiss; prdiefiblyessimeingit padteit produchd) ridke preferably glycoprotein

products, in mammalian cell culture. The cell culturing processes according to this
invention achieve an enhanced and increased sialic acid content of the
glycoprotein produced by the cultured cells, thus providing a high guality protein

product at the end of the culturing run.

Culturing processes involving feeding with D-galactose

This invention is directed to an enhanced process (method) for the
preparation of glycoproteins, pariicularly recombinant glycoproteins, by
mammalian cell cultures, in which the sialic acid content of the produced
glycoprotein is increased by the use of a newly-described feeding strategy in which
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17 D-gal actose is fed to the cultures, preferably in a
feed nmedium D-galactose is provided to the cel
cultures so that D-gal actose is present in the
cultures in an anount that is effective for attaining
and mai ntai ning high sialylation of the produced
protein until the end of a culturing run. As descri bed
herein, a variety of feeding reginmens are enconpassed
by the present invention to result in a residua

D-gal actose presence in the culture for the duration

of apryhihdibidie fédlﬁrth{-: Bulftie® rpija&%siy% aheéJ1m§d.un1v Qﬁ‘-bh@&ose is

the addition of actose to gl ycostructure of
a pr GRyidag tp tha ‘éﬁ“r?'-‘ikﬂ?s isgl dht pf‘gaé%Ff%%ﬁ BEresgnkin the cultures in an

r at e alyidihi ihﬁgls%tﬁ@&w@ffor ﬁfaﬂ%&ncﬁhﬁinﬂnﬂﬁ? Righ sitfation of the

presence of an effective anmount of actose in the

f eediPfR{uRRE Pipigin yell theend of A QituERg fure queﬁwerem a variety of

Pr OC eSstintARghinahrd Enddiftlsbed By MB prédtnk PR8N to result in a residual
D-gal act ose content of the product. This, in turn,

r esulPr@alagtase presenggdn themuitwie fapiha dyratiop of 8 CLELTIAGI TR o

to the prytRbsrdahyewia Hitihvdntion tth@ &&Miron | bm@a&&mes td e
product@gual ity, To maintain and/or sustain

Gegr cetiuckira pla RrRAUReA PO AL entijed as g S oSG step of

mai Npeddict éiay@u&al T M8 Serice ot bn effsétivalaaeiint bm@u@bmué in the
the cul ture run. h‘gpprocetsozﬁls ‘gﬂd net hods o

pr es RIS DEsiHmAYer heLouse e profa W o taggeultn an

L- llf)%créa)sedmﬂgélﬁdt% coittlt ef the .paeduck OPhis, fﬂn.dn,%'eemtalm) the

ce Jf1ron t he esent

e RO & Bors i 2t phiaties s The Brol gyfostuaie Sy

' Imai nirﬂ:rmﬁhgase pediubiajualityc Thtmdistain @fd/draubtadinibb higheddegrees of
ar ge.

2195088, ubh BT TCD Babfoe rpdrastereo

art dﬂmgtwuumeobulwretrm The processgs zt mozisodsfof e gresent invention

socc PR B A, 00 4l 0 en o
i nven¢ll artures. tlh add;pxnmttlm memo slutmemnemmemm are particularly

r edug&g}gb% cBﬁE %IJIO Wil aggw‘ga ntgm %felcl b@h’l‘? uI 94 % Hoth s il and large

nmeasur con |na pro
as aemlewsdumertdaecrdmﬂth@mtmglnrmidﬂousa de@iy ptm&ureemeﬁlﬁ as known

' n aw thE %ﬁg:%h%% R PR N hurin g nﬁ‘étﬁ@débﬂhi‘s‘?n\%ﬁ{é&c ﬁ?ﬁlfa%ﬂat culturing

Was mal nt al ne roughout t ture
run mﬁdwmwmﬂmbﬁﬁbeﬁﬁbl uded in the feeding

medi um - Syppky ﬁfjagﬁa%f H@pr@%r‘t wﬁ:ﬁnﬁdﬁ i ’thag E)?Jt&f\%dﬁc%h Eosts are

daily basis.
| nt efasiseedby V\e ingreqase i rqvalfg{l nuailtbfe @}p ae Wﬁwaabv §idlig acid content)

the Qtaalf.ﬁsut;ﬁé&cft E@Qﬁﬁévééﬁﬁy thé@ulﬁfnn?hﬁetﬁb&std&s@nﬁé%érgﬁ Ina

to a reversal roduct ual | i/
f or nBfe; Pdfedcﬁmbqwmt ) h!ﬂhﬁ'aé!ﬁ‘ agidseptent af the praduist was maintained

( Exapbihdlt th%ﬁ@tﬂ& Rin wheeDaftHctds8 Y indh:ddifhasd R28ingMedium

cell cultures preferably large scale cultures,

pr od&iaRigd to t@p\p@h culture, préferably on a daily basis. (ses, e.g., Examples 1 and
2). Interestingly, an interruption or discontinuation of the D-galactose feed at day
10 of the culture run led to a reversal of high product quality, and the formation of
lower sialylated protein species. (Example 2). Moreover, the addition of D-
galactose to cell cultures, preferably large scale cultures,'producing a given

protein, e.g., CTLA4lg, via the feeding medium was able to reverse an cbserved
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protein, e.g., CTLA41lg, via the feeding nmedi um was
able to reverse an observed 18 detrinental scale
effect (e.g., increased reactor size) to the quality
of the product. The reversal of scale effect was nost
signi ficant when gal actose was present in the daily
feedi ng nedium of the cultures. In the absence of
D-gal actose addition to the feeding nedium the
degree of sialylation of the glycoprotein declined
with increasing reactor scale. Accordingly, a
preferred enbodi ment of the invention involves

i CEHBR SFale ROt (6, IreRset FeAsasizes 4 b aygity of the product,

thr Otmeqwer@m Bf a%céﬂéaﬂ whS fhost Qélﬂfc%hﬂhhé(n gwhétaséi%é resent in
eedi ng, t he producti on of |arge_anoun

fe
of huﬂwﬂié}ﬂy f%qdérl'%a@w @l*%@iﬂﬁufﬁseul'h hqmﬁ@?ﬁj%fr@@a\ﬂcme addition

I eac®theY68dify mBaRHI, He dbgred SEfhIyISIIN Gt GiYcoprotein declined with
D-gal act ose, preferably a feedi ng nedi um conpri si ng

D- galEEeasel reaglonscaie; o) y| ation effective | evel

t hr oughouAcdofdingiyital preferet lenfbdlintbing oﬂh@ GR&ntion involves the
eously. causes a reversal of scal e- ef fects

d
ot ATaEanee e BraaBRICs? ReSIng SPIRSY PGP & pEpduetion run,

for W@t'df@tﬁb@f witlOW&iRy fsedihg' k& bk B IHGREAICEOR ophegamﬁoums of highly
speci

e ] e the scal e
coTt SRMae S BuEETe R Jiderparemt of I Tedier FoRleo Goyfing  feed
r eaconitaining DHoBlactobe, prefelblyabReting ehddiah cbﬂhﬁnﬁﬁ@ﬂkgﬁlactose ata

g,u; >§|3Qﬁtlgﬂ eggg}f\'lﬁ réea}%‘ %&%}%}@@t %ggtgg%ﬂl ﬁ@ﬁ] g:ﬁess ac;vantageously

i ncr eassesga reearshl@f sealedup .effedibiand absids ¥ afetiire lrmybtéxa sthlmatnon

e P HETorRME ¥ v Ren IR SR ndhel fTpldtidss  or Bampie
met aUutmgsthecsf:alehlp of eéll culiise ptexaspb id seméra.h dhceisand htlas_ of reactor
o0 Rsr L0} 8BB4l DR GG, K bl Silfinea
( e gihe dagree ofsidiylativagif $he gigeopadieio, declineswith inereasingmeiactor scale.

such Tﬁ.s%%géwgﬁa&t.ﬁgy 56 BL&1dPnBhbATleslll Fr’yp@ﬁ@%eﬁ% théEutture at

productlon 0] coproteln o
si al wedalig@hsmmmgmpg@tsm the Dma@memtamhsm the cell. As

reacg%m iﬂé& the* i, | I‘Fe%%dltmtb? D én&ct@sreel%QHé:Sulﬁlfre the [)eedlng

sustaln [ eve e 1n a feed pre era
i n anfedbn med then ope t"paarquneg:tl"@rwuwduam fgeaagialy bae»s) was abie

| ar 9@, 2Géks8 of Ghdo SuthadetimBRui é&gleltﬁﬁeﬁ&‘één@émd%ﬁﬂe

scale effect. An effective concentration
D- gaP'é’é‘t’@i@@ Qiﬁ'Yﬁol@‘e\?ﬂb?fémh fyplity Wﬁﬂ'ﬂa‘pﬂr@ﬂ@fﬂ?fﬁ“?ﬁa

t he ﬁﬁbberﬁjéh{ SH1Re FeRBdr dfFe rﬁﬁWEeH”TrhﬁQ hﬁé‘ 5%%&néé‘6fra9§t%?e§ned level of
mai nt.ai ns nd/ or sustains a high sialic acid content

of t Peaaéﬁcwﬁd@ afopd, Resierablyima f‘iﬁ"dﬂ%%‘“"oﬁ paytigylarly gdvantageous
anDUfdr Ifdge &am@éardmmsmemeemBgrprmnbéu bite bsdl ng

nmedi um can be determ ned ;,ﬂ{ he skilled practitjoner
based on Am@ffaclive-eascentation gk B-galadienRe a2 eeyaponent in a feed,

preferably in the cell culture feeding medium, enhances, increases, maintains
and/or sustains a high sialic acid content of the product throughout the production
run. The amount of D-galactose suitabie for use in the feeding medium can be
determined by the skilled practitioner based on the reactor size and volume of the
cuiture. The methods of the present invention are suitable for all reactor scales at
which protein production occur, including, but not limited to, large and small
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cul ture. The nethods of the present invention are
suitable for all reactor scales at which protein
production occur, including, but not Iimted to, |arge
and smal |l 19 production scale, and reactor scale,

e.g., large scale cultures or conmercial scale
cultures, e.g., over 50 L, nore preferably over 500 L
For exanple, the gal actose feed nethods are
appl i cable for production scale cultures, e.g., having
a volunme of about 50 liters (50 L) or less, as well

as f %E di;?ﬁd}.t ale> ?é\{l] r GEHIE: Se Eg”erbc@zi%rbditahé% or%omn?ercial scale

vol u sever a s or thousands of liters
accocdliines eg.tover i Ln@pmargfe@ablr pyes 50f ke for sx@mMplgethe galactose

gf‘leagé ethS&L{‘&r%&Eg%b%Wol' BroHD&u&%%QIb'&IttﬁBg'éJQ“ héving a volume of

ab rovi in an anount which affords a
sust abeid Odierﬁéﬁ%)airiﬁ@a aseyell aptor reaglar 6318 sultyras.twhich can have

cul t yrgy, offs%@érﬁmundrédwdrﬁi%dshﬁds%ﬂtﬁé%l ng process. An
amount of D-gal actose suitable for use in the feeding

nmedi um cofReredangerwith the @"Lﬁﬁ"qug‘?f this ivasian, thepalagtose
pr ef %Bl@@n&aﬁmﬂﬁh&eegﬁé neRiich R f%ﬁal:ﬂ)/ ;browﬂ”@eﬂ f an amount which

preferably about 3 g/L to about g’

yet afeRpiaAustapdex a}wt@neﬂi fevel ﬁ/ﬂ_ﬂ%ﬁct?ﬁeg'alt%\%{’ &Eew{ eactor,

t hlet bags M8 ¢ Pﬁméig'ﬁfréci%f Uhh%mo?nf o D—gdﬁtﬁtob@ siut]lble ffor use in the

Ccu uri ng 0 0 e | nventl on [ r or
exanfResindEpdiny compisesyesh abeul Lol ko,p ?’3 ot pfeferably about 3
pref gnriedbbtieds ¢/b enblee‘pr&“eedbugms@aﬂomm g/t mra spsecmc yet

o 1 cBEDlgRIG SRR, el oL Defdcie hihe Besifa et s Shaie for

sust as@rtthé balalah ensthdde tﬁel irtvanmomg péarticulay fanegamplat foos0 L

or of et seaigy Bes R grgted g sl siBfwation

0. 2- thebcutlite, mediamn usod ﬁ)rmumﬁm'rgﬁdallly (e.qbiod re@ctor Br gulluring vessel) is

- ConcERaRbAes Ble ERR St st Ao e PR RS Bbout 0.1

-appl yO\gﬂepMerabllyeat@ma.dt@gfe merd praferalily, abbete® R1Sgg/L, more

medi B é%.fablk b@??ﬁ gﬁ_: eVaR, mo%tjefe?éﬂ c)% W&t 035-% dand most

W th alnin ose usl
vari et%fereblyfabeniltrx@1 Sgfledlihess @slduetg:onmratl@mueﬂ gamtose in the

. and HHIM?% AHeliks 53k ﬁf,%ﬁsro B eqlgy&?osgl;ﬂ, fol Ve fé%dg'fsﬁqﬂé‘&ﬁm orin

that "Sustain a Si ctive 7 act
concepme agtheowagnd enhance and | ncrease the si al ylation

of gl ycon gt &hillres'ale 3G fBbdink E‘\ﬁedﬁ}#- E«ﬂ'ﬁé}ﬂﬂg@b&lﬁ%sé’ﬁsmg a

t he present I nventi on conpri se
cul t warsty of fediog getiedules o6 regfrnem\%tw@@w@@dmmam rglactose in

t hant%ﬂ%f’e@% QMB rgg (t:he{l kgstaild Qél@laﬁéﬂ"eﬁécﬁwé E-d&ac*@@se

understo t hat ul ture vol uire contributed by the

f eedpwgceﬁﬁanqmrﬁr@temn@ceeam Berease thersinidationpfglysoptotein. In

CONPhbR&sl, HRRLAKiNGEh&hYdSEt the present invention comprise the feeding of
cell cultures with D-galactose in the feeding medium more than one time during
the culture run. it is to be understood that the culture volume contributed by the
feeding medium at the end of a culture run typically comprises approximately 30-
60% of the original culture volume.

The cell cultures can be fed D-galactose on a daily basis, or on other than a

daily basis, e.g., less ofien than once per day, and at varying intervais, preferably
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60% of the original culture volune. The cell cultures

can be fed D-gal actose on a daily basis, or on other

than a daily basis, e.g., less often than once per

day, and at varying intervals, preferably 20 tinmed
intervals, including every other day, every third day,
every fourth day, and the like. For exanple, the

feeding of cell cultures with D gal actose, preferably
with D gal actose-containing feeding nedium can be
performed once per day, nDre t han once per day, or

| ess .t han once r .day, N gceul tine

¢ metimed Gterieledhaging Pasy pgERRY. 8V iy, SVEF (R ey, and
fi veirikeDFer &iaiite, tﬁbllreiaﬂggbheelltmtaﬂes twuhtmgdactosm préfarably with

one enbodi nent, the cells are fed D-

nor e QRFEReN t%'%%f%sﬂ'&?@ cfaﬂﬁe f"g"\g?]clfg'?]ctteoqsaeﬁ day, more
a Coﬂiahmvh@wpefG@dbﬂl@s§mhﬁd’ub£perfdmy arexaampceyr onevirhe,itwg times,
a conti nuous i nfusion of

t f
D- gaPa®pPERtBan Mg\paes Sy tfl@gd{%h' Hggf ﬁ‘PrF rt?rﬂf [ %phﬁég fhe total culture
cul t piredn oh8 efibobimeent, s calls tausfeﬁemhl D}galactege werg thehence.
cul tures gg glgélpzi}ﬁ[ﬂ}sg% acﬁ_'o Veﬁnf{) aXuéJé f%&ﬁlgé Q&edule for

madl um f nuo
"dri pxamgle, invdlvisg anontmuom intusmuﬁ ﬁhgalmuoseaumferablu ad-galactose-
t he cul.ture,

d
fash P%Wa'%‘gaf%e‘f]%‘?a“‘tg"é’ﬁe "éo @%3’ hﬁﬁrs%t Iélagqr‘}"gé' %ec oﬁ%@%u%r I at eg
anourdgiroén, glada aultuosscreceiva Begalagtasar preferabdy in fpedingmediym, Jor
f eedi
o SR BB A B B0 LR ottty
cont ailditiorgtoDhg allbwre,ds e tioedetmghlatégdy angd/or prpgragymed faghion so as to
run,  LLom &Q?m?ﬂf‘a% m@'aPEroBf-lattel?s\%&M{ bitafackdss Hﬁ thel AMuRAYMost

of harvesting n accordance wt
i nveptafemed iDadasding wgmansgsnisisng® ang tineperaday b@MStfa?féwﬂh D-

at agg aﬁfg rﬁe@L fdgg-gbé&lg& ﬂ'nehﬁllh%d{'ﬁélﬁn? - @d?é@oé%n each day of

ot he nint non

ex arrmee@ﬂuﬁ- ryal fxare hecbeginmingeof thacultyre Ha *% thetC{ﬂVé)f harvgsting the
nedlgg] culture nmediumother than in a feed nedi um

or D-galactose can be fed to the culture in

a non- | i niptacagrdanceidhe inventiam Prgalacasy os8 bleégﬁw {hﬁ cgﬁ culture

gal agf Qfﬁﬁ‘oﬁﬁ@ aﬁ*éil‘i’erft@ﬁ’ed’\i\ﬂdava?s heRhe Ry diﬁér thare;n thé weﬁl medium.
may be nore than one S|t|on b

oy ciAR,PODHHEENG SYAmpies Io-RBERE BB YA R 0 E1HfF B Segum o

SUDSLANGE meime cher maﬁ Wl 4 #eq naddieh, drlmgalh@tbsemmn be fed to the
Feedi n? can be one [

e s o il A S WP Ao RS s L P BT
to ghREtlbb&andakb el With H RGidmédiem i, theremay be more than one
composition being fed.
 Asused herein, the term “feed” refers to any addition of any substance
made to a culture after inoculation. Feeding can be one or more additions.
As used herein, the term “inoculation” refers to the addition of cells to
starting medium to begin the culture.
As used herein, the terms “feed medium” and “feeding medium” refer to a
medium containing one or more nutrients that is added to the culture beginning at

some time after inoculation.

21



As used herein, the terns "feed nedium and "feedi ng
medi um' refer to a nediumcontaining one or nore
nutrients that is added to the culture beginning at
some tinme after inoculation. 21 As used herein, the
term "basal nediuni refers to starting nmediumto which
cells are added to begin the culture. In another of
its enbodi ments, the present invention enconpasses a
cell culture nmethod or process of increasing
sialylation of a glycoprotein product produced by

cel I cul Wém%ed R, it 188 eSaPABHiL Refefs 16 3lafigdmedium to which
Cialctose to the culturing nedium A related
enbo‘iﬁ“f'r@

aqdedde begin theeytiré, | t ure nethod in  which

D- gal act qa@nbthebsiia dniisbdirRents,ahé pdsdrtintétiioh BAcompasses a cell
duration of the roductl on ruyn, . and rE?efe

r abl
pr esMitre; methad of proaessP! iaIsaRRY slalyation ot agly ‘éﬂﬂ%ﬂ‘i‘“"t
r el gireGuceti byRen ﬁﬁ!&ﬁf@%oﬁ'fpnﬁhb&hﬁ admu&ﬁéﬂ@labmr é.§l, D5galactoss, to

dai ly feedjn cul tur mc
o gl 5 5 ey, 5B s driupdheny ipveties el g method in
ceI |\ﬁ1|d:l'nD£§aldcttrs© is ﬁipplﬂé@w ledulyre Fidtithe ﬂBtaltiOﬂl of the production run,

g lrJ IeI i féﬁ%\ﬁg .Péesﬁr'gl‘ﬁ {ﬂegi?lg %ecguragﬁ {galgga gfm%%diment relates

overto @mssdseofﬁummlgl olis é@fzpmdgbmﬁmlyrgeqnagouwe cofture with
t t t .
oy BRER sefiri fplacr. T pFalpl ot SalkbidsBTp e qatg n outure

addexb grovididtbbysthisiragthod, preferatdy suppiient messthat lvae time during the

S| aléﬁ&t@e'r&q m&fe Q& ab) 8 apJaﬂ H éls% Wrdofhds§ &b Snﬁe{i?orahmttlng
VOBl 89 aialy Bisie, JErcomas B hE

af orenent I one
acc anuaunt ef galadiogenin she culiarg, itimteb)sal@ImWQame@ycoﬁrom@toeﬁonn with

s | ??lﬁﬁtgam@ qu@‘égfaégﬁto@?& eruc?l?l% 5@ &talf’lnf:l%tag%meé?alylaﬁon

cel | ures are 5s2” &
cul tadthe finahproducteoddarevgras the atmemewmedrm@bbm of pegcale up
absegﬂfég of D-galactose feeding, or with cultures in
iC eeding with D-gal actose is di sconti nued or
st opped ﬁfr&lQ@PfanCQ with ghiglingentionesialylation ef prgiein sringreased, on

Pr efRblRe, &6&-@@“2‘18 Hts fom’\%é/d O dultGres Wrd \‘Hd%@i’ D-%%ldcﬁzse during
produm ng@esol ubl e “‘3% ycoprotein nol ecul es, such
[

U gs §@m9@ﬂeé call chlinremin thagbsanee & D-galagiose
as Lfé@cﬂ#g%@ WAtH culﬂﬁeéjmléib%dﬁﬁ %lﬂqj-gﬁlﬁbl@éé isdiscontinued or

concent ration of gal actose effective to maintain a
hi gtf %qpafiupeocafeutaee%%hﬁ cyfureién-pr oduct  t hr oughout

the prodiycd pferfddbrsdirRsmaSdlvingthb et e o cag prediding soluble

and was fed to. the cell culture on a élltr

( Ex&nihAé Pycopiatein Siqlepuiapepyeh AU A s RIS mutant

DB g ahas&mﬁ stich idga dmgev@, BB dbsuibea Rattick bblew, & coMentration of

a OLB ggﬂagose cta ec%vg {Jot mganta%\ a high sialic acid content of the product
throughout the production run was present in the feeding medium and was fed to
the cell culture on a daily basis. (Exampie 2). lllustratively, an effective amount of
D-galactose in the feeding medium constitutes from about 1 g/L to about 50 g/l
preferably about 3 ¢/L to about 25 g/L, more preferabiy about 3 g/l to about 20
g/L. D-galactose in the amount of about 12.5 g/L in the feeding medium is
particularly suitable for use in the large scale cultures (e.g., 50 L} according to the

method of the invention.
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preferably about 3 g/L to about 25 g/L, nore

preferably about 3 g/L to about 20 g/L. D-gal actose

in the amount of about 12.5 g/L in the feeding nmedi um

is particularly suitable for use in the |arge scale
cultures (e.g., 50 L) according to the nethod of the
invention. 22 The addition of D-gal actose to the

CTLA4l g gl ycostructure was determned to be the
rate-limting step of product sialylation. An

interruption or discontinuation of the D gal actose

feed led to a reversal and a formation of |ower )
si al yl at ethe &iditionnf Dygaledpsesiodhe Chi-Adla atycosteuchive mag idgtermined
the idgd the @@-lﬁﬂll‘%&% BFpBaGat st C}fld?ﬁn ﬂﬁ'lﬂt&nftﬁﬁﬂ'd?@iscontinuation
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t he d ee of s t CTLA41 rot

f
decl AL R LR grae daund}f achiayethe Fatbriglef g obsemved
addi tettimeafal sial@eﬂfmtme quality af e flﬁﬁlqirﬁdu%w Mu@&‘pecnfacally in the

P roubige Shbehia e i fRdeediie MoGHT bieiietos otliiRinn gt e
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this largwanow@md higtdy eiatytatexbglicopmiteins indepapdenias seactor scale.

: nVOthmg@égPeés .gg&ﬁ@ %@H%fg%&.wggza%tbsgﬁ icérﬂ&hg@%%%vle

: aduestruand | ncr eased product

_ vvel I ﬂ,‘boql,ﬂ
SI aI i c acl ge‘:;%rﬁt ent %t%egﬁhg' %}ﬁaﬁ Fﬂ%ggé 8%“2%@25 %é@ge&\és

met hiB¥alving i o1 mgrettarmperature shifts thap echieveriacrensed cellaviability and

di sc |

U 5 SRR R R e e R BRI haprgduct, a5

and \velkas kigh prglitngf the groduct ag r@eawﬂ:iammlmq@content Cell

her emdifuling %ﬁ@eé&%@taﬁmﬁatﬁcfdsw&fhm dr%‘c‘?é&% rﬁﬂr@%sﬂs are

referenc erein, and are further describ
Such "f@ﬂﬁ?@rﬂ&ﬁ%@ogh(ﬁsﬁrgea@ patentappligationg Y- %aiﬁr@bNo 60/436,101,

convRsd DakdnibatBd2002, aAAY.S HddanNyl for_t he gal agdddsdPcomitantly
ocesses as, described herein, to result in

f eed]
h.egh"‘?nf W@*{ dhegonters Bf waigh arejnearperated by refgrancehpgrein.and are

acc omdnmmsebx Helfv. t Sl!ﬁ?ﬁéﬁlbt#a%ré Rhitlcubutrghbheds may be

met hods aof } I nvent
conveniently used it comblnatson with the galactose feeding processes as

described hetein, to result in high levels of end product quality and quantity.

In accordance with the iemperature éhift culturing methods of this invention,
the combination of two or more temperature shifts, preferably downward
temperature shifts, during the cell culturing period can allow for a high quantity and
quality of protein product to be produced by the cells at the end of the culturing
period, compared with culturing methods involving no temperature shift, or only
one temperature shift. llustratively, as shown in Example 5, a culturing process
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the conbination of two or nore tenperature shifts,
preferably dowward tenperature shifts, during the
cell culturing period can allow for a high quantity
and quality of protein product to be produced by the
cells at the end of the culturing period, conpared
with culturing nethods involving no tenperature shift,
or only one tenperature shift. Illustratively, as
shown in Exanple 5, a culturing process 23 with two or
three tenperature shifts was demonstrated to yield an

I nCr Q@fwb Br tHAG: teftiparttie)shits wilsUefidhstraied to vielitar! ihérhde in the
conpared with no tenperature shif

t onl
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Increased production of high quality protein, as well as sustained cell viability, are
achieved during the extended production phase of the present culturing methods
involving two or more temperature shifts.
Also according to the present culturing methods, cells can be cultured for a
total run period of greater than about 10 days, greater than about 14 days, greater
.than about 21 days, or greater than about 28 days, preferably, about 14 to 30
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I ncreased production of high quality protein, as well

as sustained cell viability, are achieved during the

ext ended production phase of the present culturing

nmet hods involving two or nore tenperature shifts.

Al so according to the present culturing nethods, cells

can be cultured for a total run period of greater

t han about 10 days, greater than about 14 days,
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qual cid content), (e.g.,
15, e éﬁd g‘ﬂ% 'm g?ﬁé%&%géﬁ' i nventi on advant ageously

C orrbl nes Tive, mwcpr@enmvmtlon advantageously combines the two or more
temperature shift cell cutture methods according to this invention with the inclusion
of a feeding regimen comprising the addition of D-galactose to the feeding
medium. By including D-galactose as a component in the feeding medium, a
significant increase in product sialylation was found to occur throughout the cell
cuiture process, and high levels of sialylated protein were produced at the end of
the culturing run.




tenperature shift cell culture nmethods according to
this invention with the inclusion of a feeding

regi men conprising the addition of D-gal actose to the
feeding nmedium By including D gal actose as a
conmponent in the feeding nedium a significant

i ncrease in product sialylation was found to occur

t hroughout the cell culture process, and high I evels
of sialylated protein were produced at the end of the
culturing run. 25 In a particular enbodi rent of this
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The first temperature shift preferably occurs before the start of the death phase.
In one embodiment, the temperature is first lowered concurrently with the slowing
of cell growth. For example, the temperature is shifted from 37°C, or near 37°C,
to 34°C, or near 34°C, when the cells are no longer in their exponential growth
phase and the culture is in the stationary phase, for example, on or about day 6 of
cufture. At this time, the viable cell concentration has reached a suitable cell
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invention, the tenperature may be first | owered based
on the phase of the culture. The first tenperature
shift preferably occurs before the start of the death
phase. In one enbodi ment, the tenperature is first

| owered concurrently with the slowing of cell growh.
For exanple, the tenperature is shifted from37C, or
near 37C, to 34C, or near 34C, when the cells are no
| onger in their exponential growh phase and the
culture is in the stationary phase, for exanple, on or
about day 6 of culture. At this tine, the viable cell
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28, the culture temperature is maintained at or near 32°C,

The present invention also encompasses embodiments in which the cell
culturing methods comprise three or more temperature shifts. In one embodiment
involving a three-step temperature shift culturing process, cells are initially cultured
at a first temperature of about 36°C to 38°C, preferably, at or near 37°C for about
6 days; thereafier, the culture temperature is shifted and maintained at about 33°C
to 35°C, preferably, at or near 34°C for a given time period; a second shift o a
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tenperature is maintained at or near 34C, and from
about day 10 to about day 28, the culture tenperature
is maintained at or near 32C. The present invention

al so enconpasses enbodi nents in which the cel

cul turing nethods conprise three or nore tenperature
shifts. In one enbodi ment involving a three-step
tenperature shift culturing process, cells are
initially cultured at a first tenperature of about
36C to 38C, preferably, at or near 37C for about 6
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cel | fréd-to BudNeeks186., 28130t or Rbrel Preterably Paliays or more,

cel {ﬂowdmg exiended production of product by the cells in culture. To illustrate, the
three-step temperature shift process comprises an initial culturing period from 0 to
about € days, preferably 6 days, during which time cells are cultured at a
temperature of 37°C, or near 37°C. From about day 6 to about day 10, the cells
are cultured at 34°C, or near 34°C. From about day 10 to about day 14, the

culture temperature is maintained at 32°C, or near 32°C; and from about day 14
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In a preferred enbodi nent, the nulti-step cel
culturing process conprises three tined and
controlled tenperature shifts during a culturing
period of about three to four weeks, e.g., 21-30 days
or nore, preferably 28 days or nore, providing

ext ended production of product by the cells in
culture. To illustrate, the three-step tenperature
shift process conprises an initial culturing period
fromO to about 6 days, preferably 6 days, during
which tinme cells are cultured at a tenperature of
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cells which express a protein of interest at a temperature at or near 37°C under
conditions and for a time period that allow for cell growth; lowering the temperature
of the cell culture and culturing the cells at a second temperature at or near 34°C
when the culture is in the stationary phase; again lowering the temperature of the
cell culture and culturing the cells at a third temperature at or near 32°C at a time
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In other enbodi nents, the present invention is
directed to (I) a cell culturing process, (ii) a

nmet hod of increasing protein production, preferably
associated with increased cell viability, (iii) a

met hod of enhancing sialylation of a protein product,
(iv) a nethod of enhancing cell viability, or (v) a
nmet hod of extending protein production, involving two
or nore tenperature shifts, conprising: culturing host
cell's which express a protein of interest at a
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downshift from at or near 30°C to at or near 29°C on or about 15 to 19 days,
preferably 18 days, from the start of the cuiture untit the end of the culturing
process.



obtained. In another of its enbodi nents, the present

i nvention provides culture nethods further conprising
anot her tenperature downshift fromat or near 32C to

at or near 30C on or about 14 days fromthe start of

the culture until the end of the culturing process,

t hereby extending the culture period well beyond a
standard production phase. To further extend protein
production during the culturing process, as well as

cell viability, the nethod can conprise a fourth
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or menbangingihe m‘qﬂtﬁnzﬂtlualeargmct of eodmenmmnmszaéic &bid”, which improves

Pr evahlthdBrotdiRfiRaliion RRIUREN titer
in a particular embodiment, the present invention is directed to {i) a cell culturing
process, (ii) a method of increasing protein production, or {jii} a method of
enhancing cell viability, in conjunction with an increase and enhancement of
sialylation of a given protein glycoproiein product, comprising the two or more
temperature shift steps as described above, and further including feeding the cells,

preferably on a daily basis with D-galactose, preferably with medium
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("end titer") and sialic acid content in the
production of protein product in the cell culture
process. Thus, the tenperature shifts provide a
positive effect on enhancing the mathematical product
of "end titer x end sialic acid", which inproves on
the protein production process. In a particular

enbodi ment, the present invention is directed to (1) a
cell culturing process, (ii) a nethod of increasing
protein production, or (iii) a met hod of enhancing
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for DT Sy nehe Ghca s Bied el piig heBl 2GS ng reecing
host theleliswith Deduigotexduce a protein of interest in

cel | )

- -at ounvoleiag’ Glrmndaete rmhrtaishﬂiis and for atime peri od
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enbo ance nvention o
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rocess ¥s enco
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appr oxi mgf ?Lé/or aﬁﬁ:‘é aﬁtﬂaar n%refe]:iléﬁre‘?\ﬂ:fotdﬁﬁent W hiCHlbitiod! fhe cells are

cultured a
cultured in a batch-fed process comprising several phases, namely, a growth

phase, during which cells are cultured at a first temperature at or near 37°C; an
initial or standard production phase, during which cells are cultured at a second
temperature at or near 34°C and at a third temperature at or near 32°C so as to
provide an extended protein production phase, which can include a fourth
temperature at or near 30°C, and optionally thereafter, additional lower
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at or near 32C during the standard production phase of
culture, i.e., on or about day 6 to on or about day
14. Cells are fed daily. At the and of the culturing
process, the produced protein product can be obtained.
In accordance with a preferred enbodi nent of this
invention, the cells are cultured in a batch-fed
process conprising several phases, nanely, a growh
phase, during which cells are cultured at a first
tenperature at or near 37C, an initial or standard
producti on phase, during which cells are cultured at a
secorl@BMPe@iHIes: £uch as at or@parn%%p da thepagen of thedwe pymore-step
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limtations in the culture the cells tyFl cally enter
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rapi thecedils re@hewnbnmzehm avuit aay 69k ltéiﬁ@erathfé islRRRed
cultyrin H‘?t hods, t otein productl on phase .
begi FAQWINRIA TEaHD B o5 n6aE 37 42 abarisar BATG-yThereaer @ agime that is
at ahearthe midpoint between the first temperature shift (about day 6) and the onset
of the extended production phase (about day 14), the temperature of the cuiture is
again lowered from at or near 34°C to at or near 32°C. The second temperature
shift allows the culture to stabilize cell viability, which typicatly slowly declines
through about day 14; thereafter, an extension of the production phase begins (at
about day 14 to about day 21 to day 30 or longer, preferably to about day 21 to
day 28 or longer). As has been described above, other temperature shifts, e.g., a
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day 6 to about day 10). (Exanple 4). In accordance
with the culturing nmethod of a preferred enbodi nent,
when the cells reach stationary phase on about day 6,
the tenperature is shifted downward fromat or near
37C to at or near 34C. Thereafter, at a tinme that is
near the m dpoint between the first tenperature shift
(about day 6) and the onset of the extended

producti on phase (about day 14), the tenperature of
the culture is again lowered fromat or near 34Cto
at o e e 0 fég)dq{
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i nvention
conpthiegianggnt cell viakility gf thewell cuihurg |am4:rgnseg( F}?@rggnta:ell viability, also

pr ot Eﬁcﬂcvrpés Eé'ilt\ﬁéb?lﬁ&,’;s ﬂf&qaercent of viable cells in the total number of celis. A
condition, such as delayed addition of polyanionic compound, causes increased
cell viability if cell viability in the culture is higher for a period of time in the
presence of the condition than in the absence of the condition.

Thus, in other embodiments, the invention is directed to (1} a cell culturing
process, and (2) a method of increasing the cell viability in a culture comprising:
culturing host cells which express a protein of interest; and adding polyanionic
compound to the celf culture at a time after innoculation; wherein the cell viability

of the cell culture is increased.
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addi ng pol yani oni ¢ conpound to the cell culture at a
time after innoculation. It has been found (see
Exanpl e 8) that when carrying the present invention
the percent cell viability of the cell culture is

i ncreased. Percent cell viability, also known as cel
viability, is the percent of viable cells in the total
nunber of cells. A condition, such as del ayed
addi ti on of pol yani oni c conpound, causes increased
cell viability if cell viability in the culture is
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throug means known to one o Int
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sal t syifdt6) Mehiteh dethielMorldBir ffatel QoA SRR, keralitisulfate,
may al so be used in non-salt forms. A polyanionic
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m)legl;ular WE'% ? 000 to

he cell culfure one tims, two tlmes three times, or any number of times during the

specified time period (eg. at a time after innoculation). One or more polyanionic
compounds may be used in conjunction. That is, any given single addition of a
polyanionic compound may include the addition of one or more other polyanionic
compounds. Similarly, if there is more than one addition of a polyanionic
compound, different polyanionic compounds may be added at the different

additions. Additional compounds and substances, including polyanionic
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500,000 Da. Preferred is dextran sulfate with a

nmol ecul ar wei ght of 5,000 Da. In accordance with the

i nvention, polyanionic conpound is added at a tinme
after innoculation, i.e. it is not present in the
basal nmedi um and not present at innocul ation.
Preferably, the pol yanionic conpound is added on day 1
of the culture or later. Innocul ation takes place on
day 0. In accordance with the invention, polyanionic
compound nmay be added to the cell culture one tine,
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wi th t he inmceatdanes wifolheamieotiere teoeiioranaiay be adrel fad any length of
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pol yaetesmined by ope ohekill i thelar.dased an wﬁwwhfacmrs GHclpés the quantity
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Preferably ani oni ¢’ conpoun
conc épor RIpieis Qﬂd DiNA)I0 therayppmetant Bsulliog figm celtysie which will
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pr ef er abl i P30iegler embo U@nﬁgv/f the ¢e caltuiinaieraerss,andmethed of

| NV erdcreddingtda® vf&Hﬁuﬁrle %é“ﬁVeHi’i%n rM&ﬂnn@é&nﬁo@ﬂ@ﬁé‘a@&ed atatime

time after addition of ani oni’c conpound. The
cul t @fter ippepuiatinn thag i t@éore e beginning of the initial death phase.

Preferably, polyanionic compound is added at a time after innoculation that is
during the initial growth phase. More preferably, polyanionic compound is added
during the second half the initial growth phase. More preferably, polyanionic
compound is added on or about the end of the initial growth phase.

The initial growth phase refers to the growth phase that is observed in the
absence of the specified addition of polyanionic compound. The initial death
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determ ned by one of skill in the art, based on

rel evant factors such as the quantity and quality of
recoverabl e protein, and the | evel of contam nating
cellular species (e.g. proteins and DNA) in the
supernatant resulting fromcell lysis, which wll
conplicate recovery of the protein of interest. In
particul ar enbodi ments of the cell culturing process
and nethod of increasing cell viability of the

i nvention, polyanionic conpound is added at a tine
after |nnoculat|on that is pefore the begi nnin
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i ¢ 258 GalErs (B decth prase At Gosasvac B AhsonEe AHbe facified
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conpound i1&ednitial growlh, phagg rpaerdwheRitheAn athiphiage begins, or

gr owtthe@agebe h/@faﬁo:ﬁ&rﬁ RASNaNn rﬂéﬂgﬁlﬂét@eéﬁme(iﬁiﬂﬁ h phase
i s added. on or abou e end of the initial grow

phasea“dfhé"?“fﬂ fieath p ‘?%ﬁmth phase refers to the growth
phase thainasp @daﬁceénvmﬁnméhtt iR& celllRbmiea which iR initial growth phase
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be a istavulation ﬁyd bindses. omdas]?qedfe@mﬁbdhﬁémmmlc compound is
t t t
s petiepbBtnsnBRTET and B i et ot PERDRT BRvpnfne

init |@mp@uon\maqmam day ¢, 5 poBn bhagthér dpecitia gmbodinebntsh polyanionic
| Rl L BREAG BGRB8yl n @ par ] cul ar

n‘ooac anroni ¢ conpound a%’ded at atine
af t er i nnidak deewfound seelfaomiesthand 12)| thabwbarepotanionic

e”boqﬂolr@gbnd %oal%lgg Py 'tlr?be%?tg{)ﬂH&%iét iaaﬁgeb%f n‘%m(? t:ru%nr{nmg of the

I NnhOoCUu

" pol yaniliad mieethcmap@,uh@ growth a@a@m@a&w@ﬁﬁnmmmm igitial growth
I
|0 2Rle"  ih phésHRAG bRk ﬁg}ro\agrﬁéégmnﬁ. oBRIHRE has a

ewbod@ng@nﬂgrat-mtqaamwmuel grewlhase, iies lonageihan theareih phase
day %bséwe@m tﬂaxb&nobtof Qa&u&e&rboﬁﬁmﬂ.c(cg Eﬁé‘”ﬂe?&a@lg during

and 12), that when pol yanionic oun

{1 e 1 xipndestseuinatRena Mighepesalr dale eelb@@sm isrRghigved than the
the pehk ViaBle 36 Abhsity Aemieyed tﬁ\ﬁlnﬁrtﬁ’%ﬁuap&%% .méebe

ext ended beyond the“initial

phase t hafh{ss incodhe;fmkpd Wﬁﬁg'["? H\é’emﬂ"t ip Hifﬁ?%%t(ﬂ) pR@leulturing
has ProdeS8 B (B4 plobedd fbhémeﬁdwg hRidrdvith phasy\bia BdlAsfure

| ch%B?selﬁg tcﬁ%&nrgghh%sg cr:e?l\éwwhich e?cpress a protein of interest; and adding
polyanionic compound to the cell culture at a time after innoculation that is before
the beginning of the initial death phase; wherein the growth phase is extended.
In more particular embodiments, the invention is directed a (1) a cell culturing
process, and (2) process for extending the growth phase of a cell culture
compiising: culturing host cells which express a protein of interest; and adding
polyanionic compound to the cell culture at a time after innoculation that is during
the initial growth phase; wherein the growth phase is extended In more particular

embodiments the invention is directed to (1} a cell culturing process, and {2) a
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observed in the absence of addition of polyanionic
conpound. Preferably, during the extended growth
phase a hi gher peak viable cell density is achieved
than the peak viable cell density achieved during the
initial growth phase. Thus, in other enbodi nents, the
invention is directed to (1) a cell culturing

process, and (2) a process for extending the growh
phase of a cell culture conprising: culturing host
cells mhich express a protein of interest; and adding
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to t ef Mcult hdurl ng .t he Zecond hal f terabl
o PR S AR oA I o ARk, Tikge preferably
ext emstado ok movd bays, mﬂi’é prtdratsly fﬂmﬂdl dla ﬁEﬁToSe ddye, most preferably for
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or o227 e Baye Fof Praiug,  Exdtuilf Gt Hipih btheda eyended o
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cell rot N 0 ere
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nor e f f t ey HeGie qia?gég
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gr owpfisgs ifadelayaskbaging at alaten e teoiths inifia) death Phawe-t he
duration ffust heothél érhlfﬂdnméﬂt@%é‘mp&ﬂ% is diéetdxioAF& el culturing

growt h phase nay be succeeded t¥| deat h phase
process, and (2) a process for delaying the death phase of a cell culture

comprising: culturing host cells which express a protein of interest; and adding
polyanionic compound to the cell culture at a time after innoculation that is before
the beginning of the initial death phase; wherein the onset of the death phase is
delayed. In more particular embodiments, the invention is directed to (1) a cell
culturing process, and (2) a process for delaying the death phase of a cell culture
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or by a stationary phase. Likewise, the initial growth
phase nmay be succeeded by a death phase or by a
stationary phase. It has been found (see Exanples 8

and 12), that when polyanionic conpound is added at a
time after innocul ation and before the begi nning of

the initial death phase, the onset of the death phase
may be del ayed beyond the onset of the initial death
phase, i.e. beyond the onset of the death phase

observed in the absence of the addition of

pol yani oni ¢ conpound. A death phase whose onset is
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e odl nen e | ntlron. 1 s a Gge .
e o | morie ke bihg MenfibiaRa ol B3 idiave sérily Bofide, ot ree. By

ﬂeat twayltd searnple anlypthle onsétiof tiee dezpphadergay Belbéluyémigr 1-10 days,
ost I ess, a e.n |nt ret; a )
ol R B£8R 8P 0P AP 8 s Ualte Ol il Pty op 8ROt the death

emduri m:gasehe detayed tbrlvak for olord Haysi miotei Erefegaldyian tphasmore days; -

wher ?7‘1 e‘apa? ra?!ﬂ?c?rlthl%fe o Bﬁré Qh%s' 05 ﬂ?r%* Palﬁgf ﬂo‘? ?odr%r more days. In

del aye articular I 'Tren
i nve’@npibar p@tlmlare&mtmdhm@t af theael suitfre pratesaigncgethiod of
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host ress a pr otelin o
addi agdeghat a/time @ﬂercnmmqm that is duniag thel initisl death phase. or

about t he

t he onsetI ﬁ%ﬂb%nf 2‘2?‘13 Fg?gp%é%wgggﬂm%m%ﬁiet oﬁ‘
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day s degjinefinyiabip sal d@%yasqvv@# @rﬂaﬁ)a@senpﬁe baseiition of payanionic

deat BomE&ﬁﬁie Thé aHBMtaNRockar m*i?l'ibfﬂléiély oK aMS addRéFof the
preferably for two or ‘nore
poiyamonlc compound, or may oocur at a later time. When the death phase is
arrested, what follows may be either a growth phase or a stationary phase.
Eventually, of course, the culture will again enter a death phase.
Thus, in other embodiments, the invention is directed to (1) a cell culturing
process, and (2) a process for arresting the death phase of a cell culture

comprising: culturing host cells which express a protein of interest; and adding
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nore preferably for three or nore days, nost

preferably for four or nore days. In another

parti cul ar enbodi ment of the cell culture process and
met hod of increasing cell viability of the invention
descri bed above, polyanionic conmpound is added at a
time after innoculation that is during the initia

deat h phase. It has been found (see Exanples 9 and 10)

t hat when pol yani onic conpound is added during the
initial death phase, the death phase may be arrested.
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“ior o s ARG R ATyl s 8RR of Sgveidloq Sbnfhpse, ascen
neceesahicay relogdel sialidaseseto thdeulmraBypdpmatantpwhict may reduce the
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dens alththEIRuqtmaimebr oblayiaf lor auédting ¢hedeatk pbass. The presence of cell
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remal ni n
decr elawso @Qlatm@ct/d:reounaetae brqimsoeodw:batgbe em:u nf thereeliuring run.
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Del ayi ng t eat ext
gr owwcmmenvowmwgwr arpre pﬁmaraiu@ shﬁts mdrwofrﬁge herein-

deat &eé&hﬁ the! G2 #:Hlﬁfrs PRIcBsSRShY d'l\}ﬁ#%delgieﬁpéﬂiﬁtlow@ bbly¥nionic

concerns SO o er a notivati

arr egqmp@mdm;e yeed wgpﬂgglg a ¢l colturp. In particular embodlments the
invention is directed to (i) a cell culturing process, and (i) a process for increasing
cell viability, comprising: a) culturing host cells which produce a protein of interast
at a temperature at or near 37°C under conditions and for a time period that allow
for cell growth; b} lowering the temperature of the cell culture and culturing the
cells at a second temperature at or near 34°C starting about day 5 to day 7; (c)
again lowering the temperature of the cell culture and culturing the cells at a third
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death can rel ease sialidases to the culture
supernatant, which may reduce the sialic acid content
of the protein expressed. Protein purification
concerns offer yet another notivation for delaying or
arresting the death phase. The presence of cel

debris and the contents of dead cells in the culture
can negatively inpact on the ability to isolate
and/or purify the protein product at the end of the
culturing run. In particular enbodi nents, any of the
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as further described below. ,
The complex carbohydrate comprising the glycoprotein produced by the
processes of this invention can be routinely analyzed, if desired, by conventional
techniques of carbohydrate analysis. For example, techniques such as fectin
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a tenperature at or near 37C under conditions and for
a tinme period that allow for cell growth; culturing
the cells at a second tenperature at or near 34C
culturing the cells at a third tenperature at or near
32C;, feeding the cells with D-gal actose; and adding
pol yani oni ¢ conpound to the cell culture at a tine
after innoculation. Techniques and procedures
relating to glycoprotein purification and analysis In
the culturing nmethods enconpassed by the present
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The resulting carbohydrates can be analyzed by any method known in the
art. Several methods are known in the art for glycosylation analysis and are useful
in the context of the present invention. These methods provide information
regarding the identity and the composition of the oligosaccharide attached to the
produced peptide. Methods for carbohydrate analysis useful in connection with
the present invention include, but are not limited to, lectin chromatography;
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Altematively, immunoblot carbohydrate analysis can be performed. In this
procedure protein-bound carbohydrates are detected using a commetrcial glycan
detection system (Boehringer), which is based on the oxidative immunoblot
procedure described by Haselbeck et al. (1993, Glycoconjugate J., 7:63). The
staining protoco! recommended by the manufacturer is followed except that the
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yield per-0O-trinethylsilyl methyl glycosides. 6.
Separation of these derivatives by capillary
gas-liquid chromatography (G.C) on a CP-SIL8 colum 7.
Identification of individual glycoside derivatives by
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Hlustratively, for glycoprotein recovery, isolation and/or purification, the cell
culture medium or cell lysate is centrifuged to remove particulate cells and cell
debris. The desired polypeptide product is isolated or purified away from
contaminating soluble proteins and polypeptides by suitable purification
technigues. The following procedures provide exemplary, yet nonlimiting
purification methods for proteins: separation or fractionation on immunoaffinity or

44



100C for 3 mnutes. After cooling to roomtenperature,
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foll owed by the addition of 0.2 wunits of

pepti de- N-gl ycosi dase F (Boehringer). Both sanples are
warmed at 37C for 2 hours and then anal yzed by

SDS- pol yacryl am de gel el ectrophoresis. In addition,
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transferrin, epidermal growth factor, serum, and the like; salts, e.g., calcium,

magnesium and phosphate, and buffers, e.g., HEPES; nucleosides and bases,
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fraction(s) is/are collected. Cells, proteins and cel
culture In the cell culture processes or nethods of
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(invitrogen, Carisbad, CA} and a feeding medium, preferably containing D-
galactose. (e.g., Examples 1 and 3),

Animal cells, mammalian cells, cultured cells, animal or mammalian host
cells, host cells, recombinant cells, recombinant host cells, and the like, are all
terms for the cells that can be cultured according to the processes of this
invention. Such cells are typically cell lines obtained or derived from mammals
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Dul becco's Mdified Eagl es Medium (DMEM Sigma);
RPM - 1640 Medium (Sigma); Hyd one cell culture nedi um
(Hyd one, Logan, UT); and chem cally- defined (CD)
medi a, which are fornulated for particular cell types,
e.g., CO-CHO Medium (Invitrogen; Carlsbad, CA). To
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pertinent _art, such as is described, for exanple, by
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1984 in US. Patent No. 21. Nunerous t
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th t
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(e.g., human growth hormone, bovine growth hormone}; insulin {e.g., insulin A
chain and insulin B chain), proinsulin; erythropoietin (EPO); colony stimulating
factors (e.g., G-CSF, GM-CSF, M-CSF); interfeukins (e.g., IL-1 through IL-12);
vascular endothelial growth factor (VEGF) and its receptor (VEGF-R); interferons
(e.9., IFN-0, B, or v); tumor necrosis factor (e.g., TNF-o and TNF-B) and their
receptors, TNFR-1 and TNFR-2; thrombopoietin (TPO); thrombin; brain natriuretic
peptide (BNP); clotting factors (e.g., Factor VIil, Factor IX, von Willebrands factor,
and the like); anti-clotting factors; tissue plasminogen activator (TPA), e.g.,
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secrete, large quantities of a particular protein,
nore particularly, a glycoprotein of interest, into
the culture nedium it will be understood that the

gl ycoprotein produced by a host cell can be
endogenous or honol ogous to the host cell
Alternatively, and preferably, the glycoprotein is

het er ol ogous, i.e., foreign, to the host cell, for
exanpl e, a human gl ycoprotein produced and secreted by
a Chinese hanster ovary (CHO host cell. Al so
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pr ot 8PS} baby hamst};l)' kldney cell§q (BHK, ATCC S(’1’(3&.-10 mgnkey kidney celis
{CV1, ATCC CCL-70}; African green monkey kidney cells (VERO-76, ATCC CRL-
1587; VERO, ATCC CCL-81); mouse serioli cells (TM4, Mather, 1980, Biol.
Reprod., 23:243-251); human cervical carcinoma cells (HELA, ATCC CCL-2);
canine kidney cells (MDCK, ATCC CCL-34); human lung celis (W138, ATCC CCL-

75); human hepatoma cells (HEP-G2, HB 8065); mouse mammary tumor cells
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superoxi de di snutase (SOD); G protein coupled receptor
proteins (GPCRs); neuronodul atory proteins;

Al zhei ner' s Di sease associ ated proteins and pepti des,

(e.g., A-beta), and others as known in the art. Fusion
proteins and pol ypeptides, chinmeric proteins and

pol ypepti des, as well as fragnents or portions, or
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Such pfaithianicell systsrhe) profiétBfsatdin i¥nmalian genas or from mammalian

viruses are preferred. The constructs for use in protein expression systems are
designed to contain at least one promoter, an enhancer sequence (optional, for
mammalian expression systems), and other sequences as necessary or required
for proper transcription and regulation of gene expression (e.g., franscriptional
initiation and termination sequences, origin of replication sites, polyadenylation
sequences, e.g., the Bovine Growth Hormone (BGH) poly A sequence).
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necessary elenents for the transcription and
translation of the inserted coding sequence. Methods
whi ch are well known to and practiced by those skilled
in the art can be used to construct expression
vectors contai ni ng sequences encodi ng the produced
protei ns and pol ypeptides, as well as the appropriate
transcriptional and translational control el enents.
These methods include in vitro recombi nant DNA

techni ques, synthetic techniques, and in vivo genetic
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ex prashitha expipssiempradycts ﬁmmu@ﬁaueramnrmoyd dreand/aq elkigined from
and {Reagiid. ced by those having skill in the art. The
expression of proteins by the cells cultured in

accor dan&ta petigulanaspesh Maseraalian exprassionaysiemsropiaining
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ki nasoptrbildehueesiteyeteritihh PdMirR ARInSSxpression vectors include
promoters and control sequences compatible with mammalian cells such as, for
example, the cytomegalovirus {CMV) promoter (CDMB vector} and avian sarcoma
virus (ASV) aiLN vector. Other commonly used promoters include the early and
late promoters from Simian Vitus 40 (SV40) (Fiers et al., 1973, Nature, 273:113),
or other viral promoters such as those derived from polyoma, Adenovirus 2, and
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Further, regul ated pronoters confer inducibility by
particul ar conpounds or nolecules, e.g., the

gl ucocorticoid response el enent (GRE) of nopuse nmanmary
tunor virus (MMIV) is induced by glucocorticoids (V.
Chandl er et at., 1983, Cell, 33:489-499). Al so,

ti ssue-specific pronoters or regulatory el enents can
be used (G Swift et at., 1984, Cell, 38:639-646), if
necessary or desired. Expression constructs can be
introduced into cells by a variety of gene transfer
met hods known to those skilled in the art, for
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78:2072); neo, which confers resistance to the aminoglycoside G418 (Clinical
Pharmacy, 12:488-505; Wu and Wu, 1991, Biotherapy, 3:87-95; Tolstoshev, 1993,
Ann. Rev. Pharmacol. Toxicol., 32:573-596; Mulligan, 1993, Science, 260:926-
932; Anderson, 1993, Ann. Rev. Biochem., 62:191-21; May, 1993, TiB TECH,
11(5):165-215; and hygro, which confers resistance to hygromycin {(Santerre et al.,
1984, Gene, 30:147). Methods commonly known in the art of recombinant DNA
technology can be routinely applied to select the desired recombinant cell clones,
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vectors (e.g., pESC vectors (Stratagene)), or nodified
fornms of any of the foregoing. Vectors can al so
contai n enhancer sequences upstream or downstream of
pronoter region sequences for optim zing gene
expression. A selectable marker can also be used in a
reconbi nant vector (e.g., a plasmd) to confer

resi stance to the cells harboring (preferably, having
stably integrated) the vector to allow their
selection in appropriate selection nmedium A nunber
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not limited to, the pEES expression vector described in Stephens and Cockett,
1989, Nucl. Acids. Res., 17:7110. A glutamine synthase expression system and
components thereof are detailed in PCT publications: W087/04462; W086/05807;
W089/01036; W089/10404; and W091/06657 which are incorporated by reference
herein in their entireties. In addition, glutamine synthase expression vectors that
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i ncreased by vector anplification (for a review, see
Bebbi ngt on and Hentschel, "The use of vectors based
on gene anplification for the expression of cloned
genes in manmalian cells in DNA cloning”, Vol. 3,
Academ c Press, New York, 1987). Wen a marker in the
vector systemexpressing a protein is anplifiable, an
increase in the level of inhibitor present in the host
cell culture will increase the nunber of copies of
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EXPT Gaiveslld A BAFof tle CllnBhg R, UP! € CTLA4 mutant in

For fed-batch cultures, the culturing run time is increased by supplementing

the culture medium one or more times daily {or continuously) with fresh medium
during the run, i.e., the cells are “fed’ with new medium (“feeding medium”} during
the culturing period. Fed-batch cuitures can include the various feeding regimens
and times as described above, for example, daily, every other day, every two days,
etc., more than once per day, or less than once per day, and so on. Further, fed-
batch cultures can be fed continuously with feeding medium. The desired product
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eukaryotic host cells can include enhancer sequences

for optim zing protein expression. Types of cel

cul tures For the purposes of understanding, yet

without Iimtation, it will be appreciated by the

skilled practitioner that cell cultures and culturing

runs for protein production can include three genera

types; nanely, continuous culture, batch culture and
fed-batch culture. In a continuous culture, for

exanpl e, fresh culture nmedi um suppl ement (i.e.

feediig gqemﬁ'iﬁnwﬁed &t tivg eivd olietHe taliuring/peciuctorfitiinl Mhe dréent invention

i | PR B e ch dol Bl S el W Batactose-

dai | ycmtauﬂl@glteleﬂlmgwédiumj i whithithe tvisr mb}ettéﬁ@eraitﬂe@hms during the
medi um,.can

Cont i1 Gepod el incsased ity Riptein Rrpdustoh and gan extend the protein
cont i progutions phasy haygnd thae whithloscura whief 1l tanbérawé tshiftds used, or

a1 v M) e et s o S R e @i o gprig

ar e rmEocdsaena@. delsoritieatio homuiohlyramgnedj pateat spplicationgl|U.$. Serial

cul t nd t S it )
r em\ﬂ?%oh@s@i e@ed 899@&(3%?%@# d Végge"%‘ﬁioég{-ks—— filed -
ar e rohedrhigaditly hvetdwithethve cop@nisrf wﬂnml arg irwojaedted by vdference herein

end uring run. The desired product is
harvgépE%%%@H%%e end of -the culturing run. For

f ed- bat chircthe aspess otthe irwahiﬁanrith;vimgj twa onreoliedemperature shifts two

Imr;:: ;eo??ﬁrég% %ﬁé&ﬂk&éﬁ@% ér:] n u i g%& ?élb#{l% %"Srgl:%@ﬁg g?th% invention
dur i igsultie moue viabieeells streviog lin @Jlfareeuntii 8 endi efttheprgcess or
medi c(ucﬁﬁ‘? g‘at éﬂ'ﬁ'@gﬁ%&i@? the AfnbB8of c{eﬂ@ tHal %Er\}fvb e ¢ greater the

perl tures can I nclude the var
f eeduaﬂg:ulnte@f Rieted pradert thatisspraducgdde aumwrm\ﬁ@sowpd process of

exa”mr&em%d%tno@‘é%ﬁ( aQE&% ofifbse @X&Wllffe&@le%‘ﬁ( SThus, a greater

) etc. nor e han once per ay, or [ ess than once per
- day, a&ﬁ'aﬂ%tesl?mqrm Pmﬁesmé@r%!&t erults akthe ead ebiyepeocess. The

fed eaatd E#b%iﬁ by Md?ot&@]e,sibalﬂ;naﬁ9¥ mawd{ﬁecéi@.sm b uiture (i.e., cell
pr oduct 3is t en harvested at the end

t he
cuI t §PESity predesiivity) dnnetatiected or piceaasad vm/aetﬁmpémture shift culturing
pref fplféb%s@seﬁmﬁ@rﬁeéntfoad 1@gt eRamBlel6) C W oSt .ﬁ\g.bh«th-assocnated
dai | yH( eedl%% ga act ose- contai ni n&n %
medi GHEUTP AT F%fﬁ Pﬁ’ée‘ PTRarigRradyes Ry op €°§Fr°r‘F' ring the growth
duri ﬁ@aéehﬁth@dultmlée peri od y| eld increased quality
protein p odu on, and ca end rotein
P oduct | i B8 Biessntintertan e Sole Soig afipd out, and
t enpgtyabprbt%ursmahtbel Fothad by@ells, Whesr conldiiond for the large or small
Eﬁr.feﬁ} ; éfo%ugtlon of proteilrng,e Lgsungwgult}.:rep veesstelg mrjngfor cu {ure appzirgtuses that

are conventionally employed for animal or mammalian cell culture. As is

appreciated by those having skill in the an, tissue cuiture dishes, T-flasks and
spinner flasks are typically used on a faboratory scale. For culturing on a larger
scale (e.g., 500 L, 5000 L, and the like), procedures including, but not limited to, a
fluidized bed bioreactor, a hollow fiber bioreactor, roller bottie culture, or stirred
tank bioreactor systems can be used. Microcarriers may or may not be used with
the roller bottle or stirred tank bioreactor systems. The systems can be operated
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processes are described in commonl y-assi gned pat ent
applications U S. Serial No. 60/436,101, filed
Decenber 23, 2002, and U. S. Serial No. 10/ , filed
conconmtantly herewith, the contents of which are

i ncorporated by reference herein in their entirety.
In the aspects of the invention involving two or nore
tenperature shifts two or nore tenperature shifts
conprising the cell culture processes of this
invention result in nore viable cells surviving in

cultuce until the end of the process or production

run. ﬁrh% Bé}?@aotoé'ﬂmf%’ WJ%‘@?‘CBWQS’@} 13 addiitian, the euitves appiacatus or
gr eat eystérhenayesromayt ndd be RyObpEIWINK SR E i i i
produgglg{ 14 n 3 nonﬂ%@mﬁige a?goci ated pr%%dg?g)r%ﬁngfslters, gravity,
protern BP%J REPoI™ VRUP-as sone of those exenplified

her ei Rhagdsud celhciivenbed assa6ig afdRstegnOUNt Of a

desired pr. .esul gt the end of the process. The

rate of pr.lg\%glgﬁ" d?noé’luii'@f} r"8{eéﬁ tﬂei’b? Beditian ofipell to starting medium to

i ndi vbegimthegmiltuse.in the culture (i.e., cell specific
productiviﬁ% ected or increased by the

)ph SOt af ) )
t enper at ure @rﬁ’f’%p arg B{‘? figure is s %ifing waich the viable cell
i nve n‘f]&rtsﬁy a(@nygime Enallnp highé)than 8t K9 Predsds tiré point.
gr owt h- assQgi ture processes, protein is _
primaril ys‘g‘régg%@g E’;{a%‘? %ﬁa m@e’f"l?%e B'EFE*NQ‘"?%@“’@F@WH%W cell
- phas edC'_EﬂS'f! seppuinately constantdi.o ithin hbgsuiing $RBA over a time period of
i nvendd\Qigtge! | culture can be carried out, and

gl ycoprot€l ns can be produced by cells, under
condi t i ondhe deathipbabactecuitursisuhd phaseahat ored witbi 9B gidwih

Pr ot §iHage okadt9ne Bl Sha\égsaﬁﬁ S ggﬁép%wta{%g%ﬁq Qyyring which the

apparatuses that “are conventi on

ani nafalds caligdamsity atranydime mointislower than iabanyapriegs @he goint during
by theagnhhgyi ng skill in the art, tissue culture

di shes, T-flasks and spinner flasks are typically

.used on alMa@omih-asspcigtes asltuegroassst uri ng on a l.ar ger

scal euéleagcasealtheke a pONENibmi ' Brasedur es

i ncl égelcnrg but not <Ia?mgt e'd ‘?g&q%&j}ﬁ é{ﬁug%%%&gg.g&dlgmm phase,
bi or &XtRBHUCtioNRhRFLMAY Flsdduing thesrutandedigeawin phasst t | e

cul ture, Iara non-grofth adsabikicRicBfG8 bl ess Hid g%@mu{tﬁ)ﬂ ;{?ﬁ%e of cell

used.C IM croc rrbers may or may not be ‘use
rol | SPYBMAYPedpe stationdsyPbagsk  bi or eact or systens. The

Ssystens cRrefdosblp s allese madivins Supiibmbnted gg%:lm the’

fed-g%tdcl-%?rﬁodﬂ‘e. kn addition, the culture [ (

syst B0 dat aﬁgyn ﬂﬂ:\pogé:ogtqug Bgﬁeiwp(qﬁl.lgn% [pprticulary in an

sepaedended prodgrtibh phases ang i@attaiy ampleefuahiifdd W high %gﬁy

and ﬁ'ﬂ% lr&tgﬁr ghaifﬁs& of cg_ | cult %ree and assocrate

Par a roteif produe eXgmpitiadandios defepnined by @ higholevel of end

addi sinkmaaidt cargéntipbo pritéin tdodgeryE FdélilgQan occur on a daily basis, or
according to other schedules to support cell viability and protein production.

During an extended production phase at temperatures which are shifted to

be successively lower than the temperature(s) at the growth and standard (initial)
production phases, the cells are fed and remain viable. This results in the
production of desired protein product for an extended or longer total period of time
than occurs at the initial culturing temperature, or when the temperature is shifted
from the initial culturing temperature only one time. The culturing process
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begin the culture. The growh phase of a culture is

t he phase during which the viable cell density at any
time point is higher than at any previous tinme point.
The stationary phase of a culture is the phase during
which the viable cell density is approximately
constant (i.e. within neasuring error) over a tine
period of any length. The death phase of a culture is
the phase that cones after the growh phase or after
the growm h phase and the stationary phase, and during

whi ¢ ha&{??dmd’t'o@ﬁé Ere%@ﬁtl iniRASH ay fdsu Y l’éTﬁaEIQic% shi¥ival until the

| ower revious tine polnt uring
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phasegtd %FW fateC 88 khé\M@ﬁl\ th6 Al Sy MicAllyQB1ees i0dRe spemﬂc expressson
particul ar éjl n an extended production ghase and

at t ai RiepfRresust idegder gell, mr@ﬁf measyre pf cel 'ye%sp?fafpmﬁ Cell
prod Uﬁec&u@%rc@&@fﬂkghs‘ ﬂn@é’s@éﬁﬂn‘ﬁra:ﬂ@bﬁﬁﬂ?ﬂéi@ ﬁrdﬂldcéb! perdiell per day, for

| evel sialic acid content u
e oV, Bad 4R 5o AReEE ARCRHN ta gL e fiog jnvohing the

accordiitvgng for@tilaer schedul es to support cell viability
and protein production. During an extended production
phase at tenperat udB&tweipdh ofire shifted to be
successively lower than {he tenperature(s) at the
growth and st andar&fﬂmfot ¥gt) production phases, the
cells are fed and remain viable. This results in the

pr oduct i oWhere %e@iﬁ%‘é?"pﬁpéﬁi@ Rrogketiyily coniantaX isthe synbgr of cells
or cﬂ%%é {,vl?rtngl orpc% g%u élgﬁts élﬂf" Bf:?lflrnéc‘ {a% oiteﬁ}g ein %roduction.

initial ure, en

I's shifuseq, cdr' tSH‘%Bt&iﬁed ﬂbh'aa;blopéﬂp?wdcﬂgodcéﬁﬁﬁfoﬁtv&@s time integral
only one t1nmne. The culturing process 55 according to

t he wfemubtceugm D4t g/ cdlEdelyb?). ABcHraIng tdtl'ﬁé)fo&nal@l When the
survival until the end of the culturing period

Accorafheugit pf glygepsdiein Perrivotiprioghces! is plodtedpgaingidhe yiabletnefl days,
SUr Vi€ gio % é&lﬁ\fale%? {d the EQlﬂQpeﬁbifﬁ rBe0 GlHéBlé‘ Qeltsfb%n%%sde‘t@rﬂuned by

pro uct . In turn, res ts In rea er
accurﬁﬂva'taé@ea%a%tfm@@m@ pmwmOawptak%raé%da%asetw@vdrogenase

cul t Y bPg packed cell volume or turbidity. (e.g., U.S. Patent No. 5,705,364 to T.
Etcheverry et al.)

Producticn of soluble CTLA4 molecuies and soluble CTLA4 mutant molecules by

the culturing methods of the present invention
In other embodiments encompassed by the present invention, the cell

culture methods are utilized to produce a soluble CTLA4 molecuie or a soluble
CTLA4 mutant molecule, as described below. A soluble CTLA4 molecule is
preferabiy a CTLA4 fusion protein, preferably a CTLA4lg. More preferred is
CTLA4Ig that comprises amino acids -1 to 357 or +1 to 357 as shown in FIG. 8.
Most preferred is CTLAA4Ig that consists of amino acids -1 to 357 or +1 to 357 as
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process, with the rate of protein production by

i ndividual cells, i.e., cell specific productivity,
remai ni ng the sane. (See, e.g., Exanple 4). Cel
specific productivity or cell specific rate, as known
inthe art, typically refers to the specific
expression rate of product produced per cell, or per
nmeasure of cell mass or volume. Cell specific
productivity is neasured in grans of protein produced
per cell per day, for exanple, and can be neasured
according to an integral nethod involving the

f ol | cskiomy ith BIGNA. desolubifé AT LA4anmtéﬁ1t mdlecuRe is pigfe)adly 12¢U4EA29YIg
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by the present invention, ure et
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sol u QFBropﬁaibQ‘&dWﬁté@ WhBR LERHL®In Q:%oﬁfaﬁ% ﬁc\#ﬁ ﬁ\quhlﬂﬂterf

sol ub lecule is preferab usi o

pr ot &PerBE: ¥tk progesseef ik Gventione THedventieryalfads the production

CTLAG Bigh Ravkls @ %v&gﬁle%@ﬁ% ﬁ@&tﬂﬁ 6.d., g.elyr%&aﬁ of; LA*47|g bfbtein
erre

357 as sho

t hat P %ﬁ%ﬁ \émé“%tf’efa?fﬁﬂ?a“eaemdmefﬂdhs59'*16'9 @}Mdneﬁaw mglecule

56 ?hmwtﬁAagvlﬂ hat &grq(pﬁ«lség huintceacﬁ‘&’ﬁ% w8y 3nk1 @b@ﬁ%lé §hd{§1 in FIG.

prefera at _conpri ses anmino aci ds -

P 58S Bptudpethy g il Ayl GerPE B 168 FoesbiyByeton

pr ef er abl A/ﬂgdnﬂtfomﬁsﬂkﬁb& B’ m@l@cﬂ@ e wded héu(’jdir? hﬁaﬁd@)fefers toa
n

1t h
{ erp PR RaPRt el recodiest end B Bo A DPlepilg The eracton
ext eobe d\olepulechmduts diganzhemetse sfegu!atb”dliyethé pRIdRBISGt i élituring

f eedbl%geﬂeg Iaf A 'n\%nhc o nkgll' eruarr]r%le CTLA4 interaction with its ligand B7 can
be biocked by the administration of CTLA4lg molecules. As other examples, the
interaction of Tumor Necrosis Factor (TNF) with its ligand, TNF receptor (TNFR),
can be blocked by administration of etanercept or other TNF/TNFR blocking
molecules.

Wild type CTLA4 or “non-mutated CTLA4” has the amino acid sequence of
naturalfly occurring, full length CTLA4 as shown in FIG. 10 (and also as described
in U.S. Patent Nos. 5,434,131, 5,844,095, and 5,851,795, incorporated herein by
reference in their entirety), or any portion thereof that recognizes and binds a B7
molecule, or interferes with a B7 molecule, so that binding to CD28 and/or CTLA4
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gal actose are especially suitable for generating high
gquality and | arge anobunts of soluble CTLA4 nol ecul es
and sol ubl e CTLA4 nutant nol ecul es, by their host
cells in culture. In a preferred enbodi ment, CTLA4lg
is produced by reconbinantly engineered host cells.
The CTLA41g fusion protein can be reconbinantly
produced by CHO cells transfected with a vector
cont ai ni ng the DNA sequence encoding CTLA419. ( See,
U S. Patent No. 5,844,095 to P.S. Linsley et al., and
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molecule has a sequence that it is similar, but not identical, to the sequence of
wild type CTLA4 molecule, but still binds B7.- The mutations can include one or
more amino acid residues substituted with an amino acid having conservative {e.g.,
a leucine substituted for an isoleucine) or non-conservative (e.0., a giycine
substituted with a tryptophan) structure or chemical properties, amino acid deletions,
additions, frameshifts, or truncations.



al anine at position -1 and ending at aspartic acid at
position +124 as shown in FIG 10. The naturally
occurring wild type CTLA4 is a cell surface protein

having an N-term nal extracellular domain, a
transnmenbrane domain; and a Gtermnal cytoplasmc

domai n. The extracellular domain binds to a target

nol ecul e, such as a B7 nolecule. In a cell, the

natural ly occurring, wild type CILA4 protein is

translated as an i mature pol ypeptide, which includes

a signal _Iptlde at the amno, or Ntermnal, end.

The i mmat & é—%dﬁ'ﬁﬁp@pﬁ@@l@'@ﬁﬂ?@r@@@@ P 0on-CTLA4 medlequlesiarein or
Pr OCes%ichgd tﬁel%tsh e' @mqerﬁutshﬁay.aﬁ Ercﬁ‘t%\ﬂs f?ﬁ@mian%oie%ﬁnes can
signal peptid ‘generate a eavage produ

havi nge @'FMM’W gre'ﬁ'elamgéer ey can hehamncbwca@ Aurfdee fr@ergbrane-
from IBJU?:dS\" é‘;ﬁ;1 A ﬁ‘tﬂlan?ﬁl@’e‘c[ile& n\%lddmbﬂﬁ o ag ghd e descnbed in

skilled 1n art recliate t tional

post - ¥Safgtent Aam'aaﬂw%@@wmgew&ﬁ/m1 60/gih 8RS and 60/287,576;

r eNOVRSY QR /92337 RLEINA).S! h@teamumb&& B%ofg"ﬂ”s bﬂ@o@@%d
gener at ed N- term nal _end LA4 cl eavag

pr odudf 73,3%% and ag deseribedin Biﬁ'o?%ﬁ“‘rﬁ‘ Tk, 1%Q4ar’tEXEWed 180:2049-

et hi syygn CaA4RARhAM RGledilePEandPdyniiRtiBdiy W%éohﬂfhanily produced.
The mature formof the CTLA4 Ieculelncludest

extracel | T &M@dﬁaﬁﬁ'ue!e fysign B@F“l'" EPMPHEnG ) extmelitﬂar domain of

bi PdSw'!th v CTﬂm%omgnQﬁéreBﬂhﬁﬂﬂﬂ\d% B'ﬂ%mH&fQ} difi@hdhoglobulin
re

e
sh omﬁq)ﬁ“‘#‘?‘@e i’Da pSF"°8 H‘;nl;e ERfr tT Fg ﬁ’%"f‘cqyﬁ'la}lsgf'?'{? &F t&TiR4 or portion
t her eérect BJdindtA® andg Mbidy teNprigiig abrd PdrBorToft 1 it mmﬁl.ﬁwglobuhn

th ld t 4
oxt r JERPPIP BB A S RaN & ghaPerrAdobuleBrRLIogipn such as
A CTLWorm ot oflmﬂqldogamw lgcw@gm@nﬁ:ha.@) tg‘C«(B %PCgammaS),

simlar, bhut not | dentica guence

type '8i4dabaanued eg%tgcw 'EJCBF Heg’a@haﬂr!ﬁ?&q%ﬂ&’é%ﬁhm@) I9Cs

‘can ipddelg) &ﬁ@’c&ﬂgcﬁﬂcﬁu)&%@&r@%@f&%ﬂ Hs88ute soluble. The Ig
substituted w an am no_ acid avil ng conservati ve

(e. g.Molely qa indudle theBivpehizand GH3 demaing etibpid)!. inge, CH2 and

n 0 n COMS BbrYiding \o? tl‘(eeafGFQme%h&liééFdo%tanﬁ FlRyfonis v b &\bﬁsﬁbrﬁ‘ regions.
pt ophan Igl)bstructure or chem cal properties,

am n
act o FIBIeE M2 10 meiely S BrEah 9rrBaRkeNand Gomprises the hinge, CH2 and

t r UNGEH3 86tHainS.SMedt phéferathaihb IFMbRBHERPIEAB tha Wihgk]¢ @r& and CH3
non- CTLA4 nol ecul e therein or attached thereto, i

CTLAAORANS R humen ety ot cangists of fee WDQ%&H%E'P%@Uﬁé@W of
be sqlming Ch Qn an r%ﬁﬁ)iﬂtyﬁbﬂ C‘i‘ﬂ)At@é the ngcdh@ﬁnp tghﬁ‘&?%&ﬁn

a cell sur ace rane- bound

nol edbgresf qa\mﬂeua'éa@ﬂommmvlﬂgg él'h%i "QCWGB@" ‘éfé@(ﬁfﬁeﬁ’é‘d fyngtions (see,
e.g., U.S. Patent Nos. 5,637,481, 5,844,095 and 5,434,131). As used herein, the

terms Ig moiety, Ig constant region, lg C(constant) domain, IgCy1 (lgCgammat),
IgCy2 (lgCgamma2), IgCy3 (IgCgammad), igCy4 (igCgammad), IgCu (igCmu),
igCat (IgCafpha1), IgCa2 (lgCalpha2), IgC§ (IgCdelta) or IgCe {IgCepsilon),
include both native sequences and sequences that have been mutated, such as,
for example, sequences having mutations in the constant region that reduce
effector function.
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U S. Patent Application Serial Nunbers 09/865, 321,

60/ 214, 065 and 60/287,576; in WD 01/92337 A2; in U S.
Pat ent Nunbers 6, 090, 914, 5,844,095 and 5, 773, 253; and
as described in RJ. Peach et al., 1994, J Exp Med,
180: 2049- 2058. CTLA4 mnutant nol ecul es can be
synthetically or reconbinantly produced. CTLA4Ig is a
sol ubl e fusion protein conprising an extracellul ar
domain of wild type CTLA4, or a portion thereof that

bi nds B7, joined to an inmmunogl obulin (I1g) nolecule,

or a port h%rﬁd&?dr%ﬁ[?od%t ?éfété&‘Rﬁbﬁ'ﬂA@Bor%f@dsrthExtracelluiar

CTLA4 or portion er eof Jjoined to an I.g noie

Corprdegmaotyid pe GThat slasindst MatiPRnG SOBREN { hand ending at

DI eCddnBirticRERI R bBRioh 8124, BF s@riRgfat hl‘&ﬂm@fat ?Bsmon -1 to aspartic acid
i mmunogl obul i n const ant reglon Such or a

por t | BROEHoN HEA: a('“"@@'amc) acid @@@ge(gltg@@mﬁmysnthrgd@ and an
(1 QCQMHﬁabiobull Bﬁ«% gluia%ﬂ: aéid %:Egémod H@8%khrough
I

| gCal phal o
I(g%c lydrca '8?1)*35? éﬁ&@f-‘w b 8 VA RO TLAIg was

s ol u k&e%osrfgdﬁ:od rqay a7 18bY, iA e Aﬁ:@h@&iﬁrﬁéecmtm eoué&ian (mtc:).

onal ns,

oF 1 HOOR1 ety ﬁyﬁe%@ﬁm?{ﬁ 28}0,380h, Lo s provisions of the
constwuapéstmr@m;s and@raefbaéaabébrdédwmd:c dBeb&dioh hmbuBIITC 68629;

do manﬁgr]l E‘?"}/ @gq? E g’?ﬁ?’ E’ Heﬂa’gﬁqﬁd“ 83%-’ G%ﬂlﬂ‘ﬁ exptessigg CTLA4lg

hi ng ervas@dﬂ»oawdl d:?Haay gdon@onsn aTCOumaer ideklification number CRL-10762.

e e LA B oS oS RR S 1 o Bscroed

regi dierahi rrmrotnwy not inelueet stglial iheadent miptide séduemce. FIGS. 8 and 9
resulngcl:| dUC{I an its effedct or funct ons

(oo mdilfh dlneafionst 4 8Bndl eatél) BoplFau s BRE, e
-5, 434ndl%.1)es disnal dretlidear sigmal peplade deguescd.g noi ety, I g

((:?gSC’tgg?ntrraﬁ&{E%@gg&%S gffg%g\ag hﬁo@% Th%? %gol?l}»lg %ﬂé_% qfant mojecule
| gCy 4o(npgsiga amediyaceliglar darg@mej wild tyg€4l TLA4@HI ghiab apid changes
l gcagﬂe@lfqgﬁkrgﬁﬁgémrnlm gﬁb&%ﬂgg glﬁﬂéﬂutﬁ’: f!)rgﬁalanine gt position 29) and

(1gCe Ve S quences an N
sequds184s (a plutaniageid amine acid asistyie sybstiiuting for A dgucine at position

exanmlgy) h]éiﬂgbl' F&ER HRVERY Qqﬁﬂsfr&ie‘ériﬁ ohEAggﬂgC erﬂétaﬁm acid

region t reduc€ effec unction art |cu
enbodeaesnce oé - 1429y Imprises Blaninscd anmigo aC*d position -1 t° lysine at

ext r 3afhd AidposifitdRisy £f sh%% H@% (R_Watﬁlb ! hle"ghidd acid

met hi oni ne a E%snlon +1 and endi ng aspartic acid
at p&8fyansh okh E@QYQWP'WQS Hleuapﬁiﬁe ﬁéa@lr‘opﬁﬁj Resiien +1 to

-1t Qs ahiifo 2G4 Eosu?ﬁn P57 44 pRwh It £iG 3. ] WE%QQY!Q comprises a
am no acid residue glutamne at position +125; and an

i muisHbANIng ﬁ%’f '?P'QHG givtasmipa atporitian tit25rand anclp godion

Posi teheshmpdsigditadhcid at position +126 through lysine at position +357.
DNA encoding L104EA29Yig was deposited on June 20, 2000, in the American
Type Culture Collection (ATCC) under the provisions of the Budapest Treaty, and
has been accorded ATCC accession number PTA-2104. 104EA29Y-ig is
described in co-pending U.S. Patent Application Serial Numbers 09/579,927,
60/287,576 and 60/214,065, and in WO/01/923337 A2, which are incorporated by
reference herein in their entireties. The soluble L104EA29Y1g molecules
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| ysine at position +357, as shown in FIG 8. DNA
encoding this CTLA4A1lg was deposited on May 31, 1991,
in the American Type Culture Collection (ATCC), 10801
Uni versity Blvd., Manassas, VA 20110-2209, under the
provi sions of the Budapest Treaty, and has been
accorded ATCC accessi on nunber ATCC 68629; P. Linsley
et al., 1994, Imunity 1:793-80. A CHO cell Iline
expressing CTLAAlg was deposited on May 31, 1991 in
ATCC under identification nunber CRL-1 0762. The

sol ubl e CTLA41g nol ecul es produced according to the
met hdﬁ@d@@g&y.tmﬁﬂtum wiethoda pf tis inygnting may s |n1mé1q§mciude a

si gn

g A A e o
sequelhedvems danqtincluded signgl Qéﬁjldﬁéﬁeaéeﬂ?@t i ncl ude a

si gnal pepgidgd ﬁ@tﬁiﬁepfe%nﬂ-ﬂ&tﬁ@?&g}sgo lafy ﬁwiééﬁleoﬂr fragment

protein that Is CTLA4 nutant nol ecul e
conpriperieaty nahbakd ok aktadhed i & gelrdpn cissulalingd Foy prarenie, ATLA4, B7

Wi th e Qb RERSHible B SNadhivglaH BFhdIsty BThBRxEEEdlular

resi due substituting for an alanine at pQSition 29)
and W‘E"tgﬂg?“‘upirﬁ" £028; @wsapstivelya Atgmativghy gdnoleculs such as

SUbStGTM4é%Sé}6n@erb@H&ulﬂ8 frerAVih ﬂ@ﬁanshmram@umam
to anlgtall illustrates L104EA29YI

i noTyERkalY, 1 oaRIR @OISEUIES BIREROSY A gHORURIA e Bantam dnt

at  arh#lgdes sign Q&séadaﬂ)selquéﬁbel yS| ne at anmino acid
posi tion +35 hown in Fl . Al tgﬁﬂat ivel

t he
ani no aci & plegulp setadv g bl aHa Bound tFe.
met hlmulamgatmdémmmndmg Al ttypRCFIAL, @r ahypértken 6it derivative that

am nq.acid position +357 as shown i I 9. .
oA i, Wb Burod i By Sefbin i sior prateing; gouble
gl ut alitloet fatiop pB:itéuhsm.lclh ha&‘ﬂ.mdlmmsiog posteint ¢ang., ATCC 68629),
enconpassi e aci d 126 t hr
o TR i B S o35 R 291 % AR BURY g ors
- depogariiner adanJgmeie2Gle, Pekoably all e pddien Dbamlg chpgtant reglon such
Cul ture ,Cal | ect under., th i SIOQ
ot e Lo Y0 AT b RO G b0 BB e
nunbglgJghdniB) AgCu0gE4aaakty I6Gu (I@temer It {gCalphat), igCu2
o7 5 Aeirhad). Bige Aot & TS BaCapIoRctendsing e fusion molecue
xﬂ 0 Jofdi3 8dluhie CTLAY Glsicl Sroteivsdh mrohg{ad eiEtVacemﬂé.aicmﬁm is fused
erein.in r eptir ol ubl e
ol cctiditediLf pdfion sy SBHeABtAS PRy amicalacv Pl such as
| Nvenhé papiNomyavirus Bﬂgemwﬁrodnﬂl(OHfBA&Emlrngaionﬁd e?d:eraéed antigen
pept i nce. ica ecu rqduc .
Db ot {5 TEAERER or A e prplpinle fiaPeicor 5D, B 8PyRa mus.
pept iRiters &lpu B8/8d44,09F herde thcbpoeitad by hedereacanindislentilety; hybrid
refer g’hlmenc"ﬂqgsngsp plarg Vrls%ucl? hs H&%MAMQ as described in U.S. Patent No.
5,434,131, herein incorporated by reference in its entirety; CTLA4 molecules with
the transmembrane domain removed to render the protein soluble (See, e.g., M.K.
Oaks et al., 2000, Cellular Immunology, 201:144-153, herein incorporated by
reference in its entirety); the soluble CTLA4 mutant molecule L104EA29Ylg..
A soluble CTLA4 molecule can also be a soluble CTLA4 mutant molecule.
The soluble CTLA4 molecules produced according to this invention may or may

not include a signal (leader) peptide sequence. The signal peptide can be any

61



t hereof, not bound or attached to a cell, i.e.,
circulating. For exanple, CTLA4, B7 or CDQS can be
made sol uble by attaching an Ig noiety to the

extracel lular domain of CTLA4, 87 or CD28,
respectively. Alternatively, a nolecule such as CTLA4
can be rendered sol uble by renoving its transnmenbrane
domain. Typically, the soluble nol ecul es produced
according to the invention do not include a signa

(or | eader) sequence. A soluble CTLA4 nol ecule refers

to as@ﬁﬁbnﬁ@ hideit ST pSHAR: sB&Hf’cSh bf th@ moiedﬁle.f Mlﬁﬁdgﬁﬂé signal peptide
nol ecul’'e compri Si

dor | \ram nsopttin M @fﬂ#h@f a7 1¥8%d?’@’6? rfepl. §f9? ;%2847 éﬁ*ﬁ%)e%r Cb5
to, #Qbbsed st 5865 Mﬂ:&#rﬁbme%gﬁ Qr U SgndPpbfite from any

f usi on protelns SUC as g usi on pro elﬁ) é &
ATCCeglslylar prggin. oThe saldleCH LA malsauls pragyeadbydhe cultring

CTLAGrdcasdaésst ‘ihé Pvértioh @anTHcRidE tﬁ@é&cdst‘atuﬁ'l\h sighalpeptide Imked at
portion of an |g nolecul e,

refera I orti

b aia by rersant 2 of bigiestracabbiar comanl CTbda YAl g i invertion
I( ?Q/ Cghe(he@eamb nbt :nblG@@s@L‘:ﬂl 777} uehl&yS

anma anma
(1 gCaI pha@‘} 4%1% ?Clg relﬁcgfe% tglag[@%jgﬂl%sfor[}?nsmg the
I g|Ce gfc&&@mﬂéﬂ dkﬁhﬁb)in oﬂﬁ?dgﬁ CELAd) @r {)@hﬁbtﬁ)meféaif &ﬂublﬁds to B7, fused to
SOl U e, e el nNns 1N
oxt 1 COMCHAN g et rendega B R ppRelS ghihierslchas an i
por t foietpf F@' éadaﬁipmg BCAILAY fusidn protelin canliediidzethb exisedeliviar domain

prote the palll irus E ene rod
( crL ALEEA R 1t LHRBiiol PR 1P Eifrant retils Aahibledof tg constant
( CTLAémpME Xogiortiling tReveofp that eriay b(e@ﬁwoemﬁuglphtﬂ@de algdut are not

noolmiFatoaions Ries iSteRaRoEn 4 CTEAS pieRRiR DB also be 2 CTLAY

(chi mestart ,mdleileon prot ei ns such-as CD28/ CTLA4Ig as

Vdes cri bedAé udseloé I%rmF,Z‘H’SHETM4 mcﬁ ﬁl@tf ] iﬂ a %&%L% or pottion thereof

|ncorporate rence I n
nmol ethat dsesz\mttbmd GBs% andien@nds an@ddmtmteéemwtﬁl the binding of

r end%a'b%«g‘f'o @%ﬁa gl E%?% ciu.gﬁ%e blétqu TS, IMi ?g to @ fbiety that is

i ncogalor apedichpf an &f nepbntde, a porttiery oéa]biologtoﬁ)iy arttwe or chemlcaily

SOl UbtRie(eHeath $Tkh 38 ind BlrifoHairtd B4 18RI Kot @TERULEN €

CTLA ecul e can
ol en@lanomatarsosislegrintigerm(CGidiAddrA7a or Hl\bawyatem (CTLA4-env

accogpi%tg é@déé&hﬁed ﬁ\@gt SQHhI FRY 5,84 585, hdiGih indafidisied By

sign a er) peptide sequence. The signal peptide

can rRietgnge ingts E@!@fﬁj}én (,Eecamﬁteﬁ oflg mojstipsrincluda afi ef A pAtign of an
t he F
oncobaifiadichuih Englahibriltt sauRBRloche HDBEmma1RTCR

9: 28@§CQ85®)32) MCMCQQNMS)MG%IQQQ&&IMMJIQ@B (IgCmu), IgCa:t

Nat u lSCaI%ggﬂ?’fb%mgft%balp%EZ)t. EHCSS [Mﬂa?gﬁbbg ﬁg&éﬁ’éﬁ)ﬁfyfhe ig
moiety can include the hinge, CH2 and CH3 domains, or the CH1, hinge, CH2 and
CH3 domains of the aforementioned constant regions or other constant regions.
Preferably, the Ig moiety is human or monkey and includes the hinge, CH2 and
CH3 domains. Most preferably the Ig moiety includes the hinge, CH2 and CH3
domains of human IgCy1, or is the hinge, CH2 and CH3 domains of human igCy1.

In an lg moiety, the Ig constant region or portion thereof can be mutated so as to
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extracel lular protein. The sol uble CTLA4 nol ecul e
produced by the culturing processes of the invention
can include the oncostatin M signal peptide |inked at
the N-termnal end of the extracellular domain of
CTLA4. Typically, in the invention the nolecules do
not include a signal peptide sequence. CTLA4 fusion
protein as used herein refers to a nol ecul e conpri sing
the extracellular domain of wild type CTLA4, or
portion thereof that binds to B7, fused to a

non- CTLA4 noi ety that renders the CTLA4 nol ecul e

sol ubl f@d"@u@r?ffégfoawnp@nsmeeew U5 Pateatiios 5,637@8I 45,844,095 and
fusi org 4g40tx)n can include the extracellular domain

of CTLA4 fih%d to all or a portion of an I g constant

regi on. P@§%¥U|§fg‘°6'!ﬁ'f‘5?f£1'fLA4d’Qf¢m tqsar(ymorqmrqf mijd dype CTLA4
t her eaihat rédbyhizB8 ¥ndPBinis/B2 Jd Fblexafipfé! ah
are not ?cltb%'tz ?o nhosg Ifmg?ed her ei nargov irﬁﬁRECTLM

f usi or‘F°B‘P8T"’é rethioning|at gogitions+ tp|aspartimacidrat pasitianct 24, (FIG. 10).

As US Er BRirgpi8, an @acéililaf domBin® T AR i ition -
nol ecul e grﬁ%ﬁrﬁnl on. thereof that lJggsc%n g%l d‘nr(a%gtd:osmon tio

and/ o?® gt eRsllion 1324 (FiGe®ere with the binding of
CTLA4 to |A§u¢eogm@in tﬁémrﬁaauém&s:o ®hariyetn f?\%tnuc%eotlde or
limted.to that is or a portion o

~an | g% %‘%‘? "'g"?ﬁ)?fﬁ%ﬂj Pe @Olﬁceleo@r@ﬁwea%mamemthe DNA
cheni eadfbyaminotacidesequstices of ﬁl@@h(ddﬁpet OPLARB oM dobain, A
E7 geﬂ-ﬁ]t Iy odu%f Ié_{%FLM E%r?: associ at ed

anti ge %‘5’9 N CPLAY: gY Fhioag ﬂﬂ"’éﬁ igjarhapge inthe gocoded

gplZO)im(r@samtEmuebm A DN c"ﬁangﬁﬁmla?knom;a sﬁb&?ﬂaoﬁt@ deletions,
nits._entrLre

her ei referen
Exanp SEAEEE) g&@éffmpﬁw REFHBRAETT. 8P aqiaRad Siehgp may incude
| munedistiatibng deletisisamsedions iadditisnt; fruasatiog&)dr processing or

I( L%/Og P e)eno As}g%e E%kﬁ?wg’%%?vévg%ﬁ%%éﬁ a%l%ﬁgpgie sequence

o |( gCaz2mey Wlt imaglent myEgiog lingiBel alntiag a@c}! sé@.@aﬁe ar? is well understood .
(1 gCegsi C e _the hin
| aﬂghé an) g ri;sg‘??}ds %de@{a(ﬁd %ca‘iﬁﬁ nkaﬁ fice codans, ermog&f_l%e same
domai #3nefacidn &)@mleé inshideonstbotideneddont QGLYIGHIG, G&C, and CGA

i Ty . e’

o er RN 08 S B i R

domai $¥° %@tarﬂﬂ@ﬁ@ﬂaiﬁpﬁﬂtcmid@)nm ety i ncl udes the

hi I

h: 29: CHfl"h@Qd.a %l?%m %&'ﬁﬁ'ﬂ%ﬁg?@%l&}“ﬁtg@?ﬂ r&/@f rtuc%[c dof rfwglgcuies that

i et‘iiffeft"h@erfgpe‘aﬁrsml&!ﬂoﬂﬂe §PIeNGR, qut;stm ancodéprotais moisoules

be MHGdd !
gl T i i o

(see
Lpnfg%’,dat:on For guidance, the amino acid codlng sequence is as follows:
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The extracel lul ar domain of CILA4 refers to any

portion of wild type CTLA4

B7. For exanpl e,
conprises nethionine at position +1 to aspartic acid

at position +124 (FIG 10).
extracel | ul ar

position -1 to
As used herein,
change in the nucl eotide or
w |l d type nol ecul e,

10) .

an extr

for

t hat
acel | ul ar

exanpl e,

For exanpl e,
domai n of CTLA4 conprises al ani ne at

aspartic acid at position +124 (FIG
the termnutation refers to a
am no acid sequence of a
a change in the DNA

an

recogni zes and bi nds
domai n of CTLA4

and/ or

At ¥@idacl g

S@EHpL €T

OasLaliér swiubl V

liCodbnt Ype CILA4

extrac
change

AL e ar —dor

2 oadan |

[Aﬁ all. A

adunn

A”U[ atT o

GGWGWGGWECG

am no

v.\.luu

a%wa seqguer

48 A T

Fe V- hhonga

change

\}JG

||vvuvu

subst i

| Appartiafisid g

IA8R i ong

D insertio

SAUgBAGr nat i ve

spli ci

NGlutartit Adid UT

@Al 1 ONs

E An am no

| @AG, GAGNge may

i ncl ud
addi ti
errors

heﬁﬂéiéﬁiﬁé T

4t ons

PhOTTS;

getetTons;

N
-
(e
1
oF— P 06esSSiq

%*ci"fhe or

n,

ﬁ ernati vel
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o, GUSTTS
o

uBGki

. -acid ¢

nucl eotfiigidinsequend¥s nmay
in the lsgBubiae acl Jusequer]
the ar “ﬁb s—at i?é trrrohg

codons nr‘ndg the sane |
nucl eot P& codong U, ®

t he anjMethiaaised, 4Mgt ni ne

whi ch | zpaae the'Aarm no

a prot Bling & be ?,.&,ULJCL
t )

Hesult in a@V@® nutation
¢e, as 1S WAUUPRAERBA00d 1N

+ 1
IKDIL U4, ILCI ! M IGLI CULI UC

CGC, ang Mo O gy
MR); or coddH§ GAU, and GAC
acl d, asparwnauacd (D). Thus

Pby ore—otr—t Béﬁ&b%h“ccﬂ" d

nol ecu differ iln their Speg Lc..pnucleotide

sequenc® Wit stil " encdfe protein mrei%s having
i dent i |cHgiriteequen¢d®. ThePRnut ant nol ¢ EGVeCHRFCRaYERE.ded, AGG
or nor&Sekifean onese:rrut aison.  For gU|| GBDCECC, UGK, (0, RGU, AGC

H Se e—tstgs—fottows: j
Synbo| UMI‘_EUFQ“& ; Q\/nchnl Codons__ Al %éu’?l RCT“A'CE
‘GCC, GCA™MGOG

gi‘el ne | &s C UG, lﬁaé%ﬁﬁ%ﬁcéﬂ%, d
Asp D |GaglortenC  @Tot ani ¢WACi d G u E|GBR GAG

Phenyl wymmme thTﬁ UUU; YUUC d yci néulyuAs G3J, GCC,
GGEA, i

L Ll ALY OA ) 1 [ 1
I_II 3[] UI e TS TT O0AU, OAC T'SUrcucTiIirc 11 € 1
AU, AUC, AUA

As used herein, a fragment or portion is any part or segment of a molecule.
For CTLA4 or CD28, a fragment or portion is preferably the extraceflular domain of
CTLA4 or CD28, or a part or segment thereof, that recognizes and binds B7 or
interferes with a B7 so that it blocks binding to CD28 and/or CTLLA4. Also, as used
herein, “corresponding” means sharing sequence identity.

B7, as used herein, refers to any member of the B7 family of molecules
including, but not limited to, B7-1 (CD80) (Freeman et al,, 1988, J Immunol.,
143:2714-2722, herein incorporated by reference in its entirety), B7-2 (CD86)
{Freeman et al., 1993, Science, 262:909-911, herein incorporated by reference in
its entirety; Azuma et al., 1993, Nalure, 366.76-79, herein incorporated by
reference in its entirety) that recognizes and binds CTLA4 and/or CD28. CD28
refers to the molecule that recognizes and binds B7 as described in U.S. Serial No.
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Lysi ne Lys K AAA, AAG Leucine Leu L UUA, UUG CUU,
CUC, CUA, CUG Methionine Met M AUG Asparagi ne Asn N.
AAU, AAC Proline Pro P CCU, CCC, CCA, CCG dutam ne
Gn QCAA CAG Arginine Arg R CAUJ, CCC, CGA, CGCG AGA,
AGG Serine Ser S UCU, UCC, UCA, UCG AQU, AUG
Threonine Thr T ACU, ACC, ACA, ACG Valine Val V G,
GQUC, GUA, QUG Tryptophan Trp WUGG Tyrosine Tyr Y
UAU, UAC As used herein, a fragnent or portion is any
part or segnent of a nolecule. For CTLA4 or CD28, a

fragnment or_portion is preferably the extracell ul ar
domai P 75@?1)5!& ¥ %éi'gefe'aﬁn%mtﬁd by rafergReship their entireties). As

t her ealsed hBin, BEpRgItNZdRs MORAD aRSIB ith 'Fhﬁ#égbsé B7
with a BY otha?e bl ocks blng?ngto %é}an of

CTLA4.™ S expregernrn e cell sirface.or r espondi ng” means

sharing sequenc;da; usde Rbleiny a @maﬂ%‘iﬁﬂoﬁ@ﬁlﬁ'ﬁfhtsﬁ%@ﬁéquence
t.he B7 %ml)‘eof nol ecul es

|t BB 350 o1 Rase replecie. Far expie & derbaive ofCTLAS
al ., 1efilesd dol0BOTLAS mdieduld hading 4R AmikLadd Qequence at least 70%

R e SO e D -
RgL ﬁ:a rhnentda quogxrlmgg.ga:gaof sb&i:)%r((ﬂm m%t hﬁeaefrégfeln r1okEA29YIg. A
_incor pnga( 4@ MRFNS ply 'g'flaaé' ED V‘ﬁ qnf'g" afigispaisnre @pgior chemical quality
- r ecogwf thesanaingd atit nds, afﬁi'hd\écualadélegs CD28. CD28 r efers
(0,7, 6l GO &5 B K v, st o
5, 521 rexmite, firhitaid, blotky mﬁupmrmsmht@,wdmf-@g@ﬂl@&w I'rfbdtfflmeﬁmmune
on sl b3 B B PP Aok o v et
mol ec (fuiatiog pn émmune wspoise, egl Ibysrelgtilatir@ fudtionale®ir Ad- and/or

her ei gpoa- [3&%%\6@& |nYe§actf s B7 y%g& tc?ﬂ}t h%%?en%p!e a method of

sequence sSi mlari t
ol ec(fglatipg an ewawm @spwa&e:onmases/eomactﬁg BLXApos:tne lcakbasith a

a sol §hise SHLAS i e%&féj E@erh% t'he% @%dﬁ{é%d? cBfd d&_fté%ﬂlg ﬁﬂ%ﬁtlon 10

at least 70% simlar to
wi | dt {ppe seipbleCT la‘\iﬂ@mrﬁmeiﬁ%’cwbﬁﬂere@e&n@ble CTLA4 molecule

interferes with the reaction of an endogenous CTLA4 and/or CD28 molecule with
the B7 molecule. To “block” or "inhibit” a receptor, signal or molecule, as referred
to herein, means to interfere with the activation of the receptor, signat or molecule,

as detected by an art-recognized test. Blockage or inhibition can be partial or
fotal.

As used herein, "blocking B7 interaction® refers to interfering with the
binding of B7 to its ligands, such as CD28 and/or CTLA4, thereby obstructing T-
cell and B7-positive cell interactions. Exarnples of agents that block 87
interactions include, but are not limited to, niolecules such as an antibody (or
portion thereof) that recognizes and binds to the any of CTLA4, CD28 or B7
molecules (e.g., B7-1, B7-2); a soluble form (or portion thereof) of the molecules
such as soluble CTLA4; a peptide fragment or other small molecule designed to
interfere with the cell signal through a CTLA4/CD28/B7-mediated interaction. In a
preferred embodiment, the blocking agent is a soluble CTLA4 molecule, such as
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bi nds B7 e.g. CTLA4lg or soluble CTLA4 nutant nol ecul e
L104EA29YIg. A derivative neans any change to the

am no acid sequence and/or chem cal quality of the
amno acid e.g., amno acid anal ogs. As used herein,
to regul ate an i Mmune response is to activate,
stinmulate, up- regulate, inhibit, block, reduce,
attenuate, down-regulate or nodify the inmune
response. A variety of diseases, e.g., autoinmune

di seases, may be treated by regulating an i mune

r eSPeRE R4IgRATCC @63@?&4.1@&!5&@9\&? fc&’i‘bﬁ YA- EM“a s@slé TD2s

CD28- positive nt eracti on

cel | soleRale, eyeings GD28H0 TG GB625): & sglubleBTgolRUIB FHGAGES BT-1g
" CSPORSH 888! S08RRThRRbLBR BRIRY (blo! NICRE L8285, ke ORL-

sol u such as th I‘O uced

accoRRhATGE ERLL22ARVATRG 6IB-301o ATLS: HBJIR4H PRI managipes
co npbﬁmnes"&ée&e%bﬁbédhﬁ Lﬁ@'F‘%ﬁ’érﬁ NGT A4 350k ‘?okochr ¢t al., 1962, J.

interferes wth t reaction an endogenous CT

an d/ bpmeansls 13%02&@%@ 827} @mantt-ﬁﬁbm maspeleial@ntigedy: (er.%&TCC HB-

BO4 Ia!%tmorﬂ;croﬁaremtew,es% hgaéacneéd rm{eﬁwl.ces a@sas) and/or an anti-
referred herein, neans to interfere wt

act i GQ@&@W@PWM@W@%@& ATECYAR 11844 And Mo 9e3 “asglescrived in

det ephRSEAM aﬁlnr@éd 1&%9@#3%@& ﬁ@%?-ﬁooemﬁﬂm@tal 1984 J. Clin.
|nh|b|t|on can used herei

Dl R p S B Blopking B2 inipraciians capisdeeqisA B pirecognized
t he tRiglicA ths Uetdhhiring deBﬁctioh%ﬂm‘i*ﬁunéui@Qas’éS(e@&ﬁe@ﬂdt‘ Odisease)
CTLA4, therebyl obstructing.T- ce ﬁ] ﬁl?ﬁ} I ’
cel | a$50ciaieds imptems By gelpraining a fﬁjJé'ﬁI'@’ st 5eR! 'B‘P'ac lons, or
i nt ebﬁ@étbﬁﬁ.&mlgra:ﬂeud@onkwmeamteraeﬁ&n bi B7 Wil CTRA4/CD28. Blockage

nol ecul es_suc n anti body (or portion thereof)
thath'b%%ﬁﬁ#?'}e‘g%%rﬁg binds to the any of CTLA4, CD28 or

B7 nol equé®as (i$sdhereiB/arleffd@livelamoantsst auhdiecdle rafefsdo an amount
L Ao R e BRgiE 5% PlegR S 8RR, o & Stpible, an
desr gtfmnivé ?rn?umtcérafreolecme :Hat blbetgs:thlelmteragﬂmi oft Bif witly S ThA4 and/or
CTL 2 - | | [

ToaPRER MEAEUA SHBF moeflebl) §Ren bRl B Tiplhes on 87-
nol egoditeve cellg linhilsits BEEMGELUldd frorhA@ihg8aR@Yenous ligands such as

sucnC RN Lt PP AR n Bl ihdinkh s R yFEtafbiocks the

suc hintesad@ion lof B7 WihCT Lg@cindjor G284 the Brount 0bthegnalecule that,

1 b 3y o RS L 1 g

ant i seribinglingsertiogendusdigands sucts as Gl ankdd>D28. 111139 IQ@mon or

ngSkQ?J%Qg%ggy)atpaglr?i g’rrt I - Li\4 n:)nmggrglnal anti body

(e.g., AFecclial protocols, it is preferred that the lg moiety of a fusion protein,
such as CTLA4lg or mutant CTLA4!g, does not elicit a detrimental immune
response in a subject. The preferred moisty is all or a portion of the ig constant
region, including human or non-human primate lg constant regions. Examples of
suitable Ig regions include IgCy1 (IgCgammal), igCy2 (IgCgamma2), igCy3
(lgCgammaad), 1gCy4 IgCgamma4), tgCu (IgCmu), IgCal (IgCalphai), IgCo2
{lgCalpha2), IgCs (lgCdeilta) or IgCe {IgCepsilon), including the hinge, CH2 and
CH3 domains, or the CH1, hinge, CH2 and CH3 domains, which are involved in
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304, and nonocl onal antibodi es as described in
references 82-83); and/or an anti- CD28 nonocl ona

anti body (e.g. ATCC HB 11944 and MAb 9.3, as descri bed
in Hansen et al., 1980, |Imunogenetics, 10: 247-260,
or Martin et at., 1984, J. din. |nmunol.,
4(1):18-22). Blocking B7 interactions can be detected
by art-recognized tests such as determ ning reduction
of immune di sease (e.g., rheunmatic di sease)

associ at ed synptons by deternining a reduction in

T-cel | J i nt er.act S, .0 determning a

! educelgRer finptdsBisiES s bgn S Fo rpbpior complemeapaependnt

Bl ock a:gbtoxt&yn ((bDCp ar hmt&iodw:lebmm celilrfodiaed @?l@ﬂaxlcity (ADCC). The
herei n ers to an

fective amun lecule re
rountd B <o vk e AE Pt EARIBNS RegAin (g o ine iR domain to
Wi t hI reduck ieffactdr fuﬁatonemgdph@CD@rbr F?d@ﬁ%l?éfgt?@m%horpﬁodu!ates
a nol geu S i.nteraction o W t
Crine e abB ot 615 ol R Rk BRanecor dasipasaite capabitt
vmﬁn bpbtmadg toobiBd tcmi lecagbtees gmr Biam;ﬂé,smhiaﬂ&ﬁﬁ |tH||eSIg moiety can
i nhi in pus, i da
such SRR o8 AR P aPR e Lo e bihge gomain. For
anounexarhple, amd:l*@wnlne FtGhe&, izl dysbmeblaepoéﬁrﬁrﬁabj Pr360hnd +139 are

EZ) I \clemc Eﬁ%sﬁw\”ﬂ{]\% en boG i%l WOBG%A%D 3 9"8? tl’ﬁgglme at position +148

nol ecéthstituted Witive sérne, askhdir in FBG. 8o Fathsranutatisih the Ig moiety

8 S e R S g i

For clersine at pesitinoddb §Ub$'£ltUtB@ with glutamie aicidhart glydires dtgosition +147
noi etyuﬁgi,tu@egwﬁg]gm gotein, such as CTLA4lg or mutant

CTLA4l g, does not elicit a detrinental inmune

response in a subject. The preg{fhp nmoiety is all or

a portion of the Ig constant —rgm% i ncl udi ng human

or non- hurmig {Glowir skahfhicsyas fo?tﬁtslpé&ﬁé Qéb%cts%??ﬁ@’nh@%h/t@ﬁ to

swtag ions include | '

(1 gCd ‘ﬁﬁi’ﬁgﬁg hel“g@?@o" ‘éfﬁ?rﬁ@’ﬁscﬂ 9,9&? thgeg%ﬁenhmythoﬂg for those
(1 gCraf)skilllrg Bal ar( |B\@aixﬂh‘@ie)s shb@@@ugt bd E&HsALEA ﬁ@):mut:h&% invention,
(IgCUe i ncl uding the

a) or é 8 P , hi ng
cH2 aird B'Sgrﬂ'leﬁ y @P"%ﬁ@e mefhodglogy @@ewtwlon that are
domaiussful idthe lmnaéretanamglame qiracﬂceﬁéf thé ﬁr%hm:rn dndNBlvafBss aspects.

h bi.ndi t t-d dent
oy o CE e LT R hrirdne o to co
(r:] el | -qmﬁuhea:trmbssgﬁ iatahing atgala(:t%%@ed erhSloyddn _&Eﬂntﬁiri']z}z(tuﬁdfj\gath
ave er , .0., in e C
v S . i e B o con
ADGC)cuuwerpeoqaseemwmumg)mmmmth duftiag @At i, with no
the ' P f{@i é)érrlp'le%af] 9'3 Qé/scngg %%S"&r%rﬁ‘ ts rela?nﬁg rto(»3 g si! culciure

t he apa
processes |nvolvmg delayed addition of polyanionic compound in combination with

galactose feed and multiple temperature shifts,

EXAMPLE 1
This Example generally describes the D-galactose continuous feed
culturing process of the present invention for the cufturing of recombinant cells that
produce the exemplified CTLA4lg fusion protein as described herein in Example 2,
Cells were expanded in modified CD-CHO medium (Invitrogen, CA)
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- -eulturing process

of the Ig to bind to Fc receptors. For exanpl e,
mutations in the Ig noiety can include changes in any
or all of its cysteine residues within the hinge
domai n. For exanple, as shown in FIG 8, the
cysteines at positions +130, +136, and +139 are
substituted with serine. The I g noiety can al so
include the praline at position +148 substituted with
a serine, as shown in FIG B. Further, nutations in
the I1g noiety can include having the |eucine at

pos' tdAthinidd Glubiisd, 'stﬁ:ﬁ%tc‘MrB&ha@@ W‘llﬁl aHY rﬂ@thotré;@éi@ (Thble 1)

position +145 substituted gl utam ¢ aci d;

gI yci Ysingat-7p dasks; 850, Wﬁﬁ"dég%ﬂ'-tﬁﬂwf% Tﬂa%NSaaﬂdrﬁ@mners were
EXAM?H&%aeHH?S&%EQ&"B%C@%?a”p' es set forth specific
aspects 01! the invention to illustrate the invention

and provide a description of thgpgesent nmethods for

those of skill in the art. The exanpl es should not be
construed as | [M Jihidd €D-CRABENT [ ON, Cotcentiationianpl|es
nmerely provide s eci fi c nmet hodol pgy and
exenplificatioh u Compgeeityl | in. the understanding
and practice of thB—OHﬂ)/mtﬁlcmlani Its vaompus aspegts.

Exanples 1 and ﬁp‘ﬁf%g@ tCJrIQtHthR)e ow descri be

experinents re 0. Cce ture processes

i nvol ving a gal act&HOrWedcidedl ofed in d@m¥knati on
with nultiple Umm@éﬂtwﬂg)a‘ah@ﬂ)t 5. Exanples 3-6
descri be experjrerts A oot 89 t-or-ceHH—-—eH-ture
processes invo viﬁa:q %‘rgﬂgﬂre shifts 5§F1Vﬁg t he
cul ture run, w {lhvitregendzarsadoCA) f eed. Exanpl es 7- 13
descri be exper | TTeRbSHE SR, T O] CEMT TR RN T
processes invol ving del ayed addltlon of pol yani oni g
compound in conﬂ?‘f‘f%igle'&rp%ﬂsﬂ actose feed and
mul tiple tenperatur e_-gnhtauhhs EXANPLE 1 oHEssg/tExanpl 4

general |y descyibes (| (! ﬁ & al act pse conti nuous feed
of t esentlfjinvention for the

cul turing of recorrﬁ‘th'aﬁ'P’ﬂE‘é'Pl s that pr®do¥e the
exenplified CTLA4Llg (imgig@iL) protej n as descri bed henein
in Exanple 2. | Cel Is( V\?nr)e Saxpanded in nodi fied CD ¢HO
medi um (| nvi trjogen, (X contaj ning glutam ne,

sodi um bi car bonat e, Metheldxate, and| net hot reét e (Tablle
1) using T-79 fl aglsnm ¢dRionp00 pnd 1000- L spi nner|s.
T-fl asks and spi r re jncupated at 37C and 6%
C02 Table 1 mdi&#@o&%\é% ncentration

Sodium bicarbonate 222 gL
{(Mallenkrodt Baker,

Phillipsburg, NJ)

U

After sufficient inoculum was generated, the culture was transferred into a 5
or 50 L bioreactor with 3 or 30 L working volume, respectively, of the same
medium. Initial seeding density was 200,000 viable cells/mL. The 5 L vessel was
a glass reactor equipped with one marine impeller {Applikon, Foster City, CA), the

- 50 L vessel was a stainless steel reactor (Feldmeier, Syracuse, NY) equipped with
two marine impellers. A data acquisition system using Intellution Fix32 recorded
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Medi um Conponent CD-CHO 25x Acids 1 40 m/L
(I'nvitrogen, Carlsbad, CA) CD CHO 25x Acids Il 40 mVL
(I'nvitrogen, Carlsbad, CA) CD-CHO 25x Salts 1 40 m/L
(I'nvitrogen, Carlsbad, CA) CD CHO 25x Salts Il 40 nmvVL
(I'nvitrogen, Carlsbad, CA) L-glutamne 0.585 g/L
(Invitrogen) r-human insulin 0.1 m/L (10 ng/nl)
(I'nvitrogen) Methotrexate 5 pVL (20 nM sol uti on)
(ICN, Costa Mesa, CA) Sodi um bi carbonate 2.22 g/L

(Mal | enkrodt Baker, Phillipsburg, NJ) After sufficient

o SR S5 b BT S AT v

vol umnetametese otii wad gpargeld ihtbahs AsEetor VRQ sUbmdrgéd fraﬂL_S um pore size)

seedi %@ens ty was 8%{)00 vi ab cel s/ n.. The

vesse 50“9 %ﬁf teagtor thace ififfeemavel Mﬁi%cqlﬁ{rquﬂ?" was

i npel $parge(dﬂtpmugk8tame|ﬁ¢t%ﬁ])06bhtjol i@(?g,wds%ag'éa throVi§i$ 8&he frit for

S A AL o bbb Sedeaq S o 1 o

ggq ;,II Siti dhes:ym.trein thelbitgeadﬁcbrehdstgrwm Emrywusgg@d @86y modified
CIRRISE [o un S

wer e cont r u%(i%rogepg?%%}%ﬂ)g gi'fﬁé‘ls@'e@ﬁ“tﬁﬁ'!fl?' insulin,

t Ee r €a¥eastolatesBacton Didkirgen) 4rid |D~gé@ctwe e falom')g mamsbr:

thro ace

Vol ocapind'Gnd SAEBE rdEARGP A Rpiiim 5P HllTe Rplumegpassgdod as

cont rfgedmgmdmg |f§lpmglgm$etlmabtqijfbek:w1®gﬂ.: atcafcolatedhiofiiine was

si de s 3@?"'&“‘4\\*‘?\@@%’5‘4 19601 BELE Y &/P.l fA’a‘?enrn%%katlon pro\éess had a

addi tion
duration of 14-21 days. Samples were taken on a daily basis from the reactor.

Sample used for cell count was stained with trypan blue (Sigma, MO). Cell count
and cell viability determination was performed via Hemocytometer/ Microscope.
For analysis of metabolites, additional sample was centrifuged for 20 minutes at
2000 rpm (4°C) for cell separation. Supernatant was analyzed for the foliowing
parameters: titer, sialic acid, glucose, lactate, glutamine, glutamate, pH, pOa,
PCO,, ammonia, and LDH.
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The culture in the bioreactor was given a daily bolus
feed using nodified eRDF nedium (lnvitrogen, CA),

(Tabl e 2), containing glucose, glutamne, insulin, TC
Yeastol ate (Becton Di ckinson) and D-gal actose in the
foll ow ng manner: starting one day post inocul ation,

a mninmmof 1% culture volune was added as feeding
medium if the glucose level fell below 3 g/L, a
cal cul ated volunme was added to bring the glucose

| evel back to 3 g/L. The fernentation process had a
duration of 14-21 days. Sanpl epappgbe taken on a daily
basis fromthe reactor. Sanple uSed for cell count
was stai ned W {TpEdiNetPéRDF M&ditm 08, Mbfcentration count
and cell viability determ nation{was perforned via .
Henocyt omet er / | M cr JERPEeM For hnal ysis of
met abol i tes, afidi ti onaRDBanpl e was centygggged Tor {20
m nutes at 200 r~ge|l ! separation.

Super nat ant wa‘(?Ig"r'%al(?q(/e étéadf%a:&’?@e foll ow ng
parameters: titer, sidgeseaci d, fjl ucos#0-Hadt at e,

gl utam ne, gl uf WRMatBhkrod®Bakery PCO2, ammoni a, and

LDH. 69 Tabl e W—MW
Conponent eRDF} I 16.'89AT%e (| nvi { r ogen, “G#% sbad, €A)
dextrose 30.941g/L ((ﬂmévﬁll | enkf odt Baker)

L- gl utam ne 4. F O/t b RESR OgE M) — T Tumg s ut 1
m/L (10 nmg/ ) (I n\'fltro l) TC Yeastglhgl{e 5 9g/L

(Becton Di cki nson, HFfQRRM4 Lakep, NJ) D-gal act ose]O0,
3.0,12.5, or 2D.0 g/{lnvitbgedh r o- Pf pnsti ehl ; Waukegan

I'L) TG Yeastolate 5g/L
{Becton Dickinson,
Franklin Lakes, NJ)
D-galactose 0,3.0,12.5, or 20.0 g/L
(Ferro-Pfanstiehl,
Waukegan, IL)

Large-scale cell cultures were conducted at 5000 L reactor scale with 4500
L working volume using stainless steel reactors (Feldmeier, NY) with and aspect
ration of 3:1 equipped with three marine impeliers. Inoculum cutture was
expanded from spinners to seed reactors and the initial seeding density at 5000-L
scale was 150-200,000 viable celis/mL. Experimental methods related to the large
scale cultures and process controls were identical to those described for the 5L
and 50 L processes.

EXAMPLE 2
This Example describes the culturing of celis producing CTLA4lg, shown as
-1 10 357 or +1 to 357 in FIG. 3, (encoding DNA deposited as ATCC 68629), using
several sets of experimental culture conditions for comparisons related to the end
titer and end sialic acid parameters of the protein product. These results were
obtained from a cell culturing method involving both a two step temperature shift
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Large-scale cell cultures were conducted at 5000 L

reactor scale with 4500 L working vol une using

stainless steel reactors (Feldneier, NY) with and

aspect ration of 3:1 equipped with three nmarine

i mpel l ers. Inoculumculture was expanded from

spinners to seed reactors and the initial seeding

density at 5000-L scale was 150-200, 000 vi abl e

cells/m.. Experinental nethods related to the |arge

scale cultures and process controls were identical to
those described for the 5 L and 50 L processes.
EXANVPRERCEsSTENca Sailyrfpddinglegineérois whidhea sialic avid suptaifing effective
cell s, - 7 qL. +1

357 ; ARt YPiad it o 88 tocclnd Redh dpinbst produc
usi ngqu&ﬂ@&/@ﬂ'@hcﬁe@m‘rﬁs obgerwed.nent al culture conditions

for conmpard FbSan%tti@hgﬁl { t&? aﬁa %ODB—Ltt%r g&?rses%?‘e controlled as

sialic aci arane ers otern
r esul fodowsr P;H abBﬂaﬁilmwefdrm@ aielOI-GQ?«ﬁl aguatlm'gatmtﬁmqu back

i nvol b’t‘eQQJrQ at § 8§|| (IEN’B sélﬁgﬂ'ﬁrSaL ﬁlﬁgs %\%ﬁi Q‘ﬂ %\QWﬂ-t?mgerature

process and ng reglne
aci d shiftcell wltng? reéihed tcpmgnsuam@ dirst tanhpeiaiyed efct70G dowared to a

prese d roduct
qgual i ycoéﬁﬁéﬂ?er;t%&'t ijv\r%sg‘(‘;)gse nﬁqé)% ﬁ'ﬂc}% agyrg |3<?n§ on day 10
i n t heasempdyedind 5000-L bi oreactors were control | ed

as fol | oWg,. o tof Exeri 'n§ geysed oxygen at 40-60%

agi tation essure at 5 psi

(ambi efderRiRgS SEEI; fsqf clﬁfu'r? ﬁlt drn‘?@d?ﬁrﬂr fich dontained no %—galactose,

t wo-t enmper at ure ture net conpri si
a fi rtpergwpky §@U|| e519fcuwewrﬂ1cfmd @gdium whick eerdaiged 12.5 g/l of D-
t enpegasdisg; of 34C on day 6 and to a third tenperature
32C on day 10 ed. Description of
Exper‘?’FP@HF‘&P‘%@?’s'”E%Béf‘FL%BWtVHW feed m_?dusu whigh (contaivedinp -
f eed mgg whi ch contai ned no D gal act ose;

5-L culture with feed ned

e Sl 203 g B ek A R ot
Set Iddlactd; tn Entbérimdntalige M, ¢;>°- I%Sé.éJ@eWa%mas%@ﬁﬁrﬂleﬂ%ﬂ day 10
ot b F RO RaA ARG DAY 9ECiese) e g ugsd from day 11 to day
gal actg)se; (In Experinmental Set 1V, D-gal actose feed
ro RS L o B A S P g o o
D-galactose;
Experimental Set VI: 50-L feed culture with medium which contained 20.0 g/L of
D-galactose;
Experimental Set VII: 5000-L culture with feed medium which contained no D-
galactose; and
Experimental Set VIlI: 5000-L culture with feed medium which contained 12.5 g/L
of D-galactose.

As observed from the results presented in Table 3, the use of 12.5 g/L of D-
galactose in the feed medium increased the sialic acid content of the product
significantly at 5, 50, and 5000-L scale compared with the controls in which no D-
galactose was included in the feed. Further, the addition of 3 g/L. D-galactose at
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Reac-|{Examsis| Regcd t rReeding/stateoy NANAR MANAIC{ c@alacKise g Titer
tor [inolar rtatijo to [nolar rdipmélarrghidsh | (rR@av rtict Ot ajgr)
Phe 1.5 . £ 2R oot Tedi um|(aprdefP| oI OGS, "
14) | D5 1At g/L of 9.1 159 1.9 D APLRe | 1
feed{(ddy 12% (dah-ga@¥togedayheld) 7di um 114850 no 1.8
D-gallactosg infthge&nedin? 14 (day12) | (day12) | (day14)
i 5 12.5 g/t of S 159 1.9
D-galactose in feed {day 12) (day 12) (day 14)
medium
1l 50 |no D-gatactose in the 6.1 9.2 1.4
feed medium (day 13) (day 13) (day 13)
5.0 8.1 2.0
(day 18) (day 16) {day 16)
v 50 3.0 g/L of D- 7.8 n/a 1.2
galactose in feed {day 13) {day 13)
medium; n/a
D-galactose feed 55 1.9
discontinued on day {day 16) (day 16)
10

16); Experinental Set V: 50-L feed culture wth nmedium
whi ch contained 12.5 g/L of D gal actose; Experinental

Set VI: 50-L feed culture with medi um whi ch cont ai ned

20.0 g/L of D-galactose; Experinental Set VII: 5000-L
culture with feed nedi um which contained no D

gal actose;; and Experinental Set VII1: 5000-L culture

with feed nedi um which contained 12.5 g/L of

D-gal actose. As observed fromthe results presented in
Table 3, the use of 12.5 g/L of D galactose in the

f eedsodicals) whieh %as %ﬁiscbﬁlﬁ:uéd%hldﬁy agl @ rﬂrﬂwﬁa@é péamﬁ:e impact
pr oduct -L scal

P o SRR dpuEe e Blectsl soui; EAOIRG: AR BIGk ot sl acid

was leﬂ@lls dee@asd $dv@ dieday Four Tlﬁ@tﬂegréélef ﬁﬂlﬁﬁaﬁé@ﬂc%s@d with a
g/ L al act orge at

9 o e Btetah of Selacinsadian Bty Mhing aed Beium el S0-L scale

I_I_n‘g f\(ﬁxpemﬁeagaa‘Beﬂ\qmaﬁlé JiFyRen. G'Eiéﬁlﬁﬂlng%ﬂbﬁbnsgﬁhlghéé D-galactose
a an

docr 888 o NERHAIG 'Pé?lé Hﬁ'urbaﬂflm @a'@éa?@ag 6?9"&?%?9;'!9!93!"8 feeding
i ncrreadiat intluding D-grlghede. concent rati on of D-gal act ose
(12.5 g/L) in the feed nediumat 50-L scale

(Experinental Set V; Table 3; FIG 1). This finding
supports a higher D-gal actose feed concentration in

the nedium and a daily feedi ndabled nen enpl oyi ng

feeding nediumincluding D gal actose. Table 3 Exanple

72



feed nmedium (day 13) (day 13) (day 13)

(day 16) (day 16) (day 16)
nfa 1.2 galactose in feed (day 13) (day 13)

n/a D-gal actose feed 5.5 1.9

16) (day 16)

8.2 14.

(day 2
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In accordance with these experiments, the addition of D-galactose did not
significantly affect the cell specific productivity (i.e., titer increase), (FIG. 2). A
further increase of the D-galactose concentration in the feed, i.e., to 20.0 g/L, had
no further beneficial effects (Experimental Set VI; Table 3; FIG. 1). FIG. 3 shows
the residual D-galactose concentration in the culture at a concentration of 12.5 g/L
D-galactose in the feed, which was found to be optimal at the 50 L. and 5000 L.
scales. During the production phase when the titer increased (i.e., days 6-21), the
residual D-galactose concentration in the culture was required o be maintained at
20.25 g/L. FIG. 4 illustrates the scale effect observed during the scale-up of the
cell culture process to 5000 L for the production of CTLA4lg. The sialylation of the
glycoprotein declined with increasing reactor scale. FIG. 5 shows the reversal of
the scale effect after the addition of 12.5 g/L. D-galactose into the feeding medium.
The daily D-galaciocse feeding technique allowed for the production of large
amounts of highly sialated CTLA4lg in large-scale, for example, = 50 L, e.g., 5000
L, production reactors.
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resi dual D-gal actose concentration in the culture was
required to be nmaintained at 0.25 g/L. FIG 4
illustrates the scale effect observed during the

scal e-up of the cell culture process to 5000 L for the
production of CTLA4lg. The sialylation of the

gl ycoprotein declined with increasing reactor scale.
FIG 5 shows the reversal of the scale effect after
the addition of 12.5 g/L D-gal actose into the feeding
medium The daily D-gal act ose feedi ng techni que

al owed for the production cEXARPEe3 amounts of highly
sialated CTLA4lg in |arge-scale, for exanple, z 50 L,

Ex g., | 500ﬂ?|s an@pt@dﬂﬁ%eeﬁ?flﬁﬁ?y tb;tﬁe t?ﬁp&é&h@t khiftTel bllture
a e relate ecl.Tl GCa 0 er ure
ol | BEGPTEES JrpOra s in BXATos 4 P Adgs,matenal and
Exalrmd 3m§ e?mﬂtb\,dadﬁlﬁ (i3] td?@emuhe shiftl procsddes fo@ﬂgfd&lif !t?ﬂng of
e oye LN e er ur.e rQcesses or e
cut Gepigrnt st Wa S A iSSTaRRR e
CTLA4) g foudi Oaltwedédiam 1. Cel |l Cul ture Medi um The
b I I | t di d f h
o g R 8 S pr B o e
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0 on ctors |
conC BBEERT) Pled B RaBrom, ks MRBIes R adit pitibining
met hglmaexm eso(:liurrvlmba:bgmate, ifdsulih siod aneth&fexate@nviiadgea, Carsbad,
Th t .
Fo(r_:‘ %‘% n‘ggbﬁ% q?s |ér]12"¥\ﬁ?th? w&&@ rﬁ%ts dgusgss 2 ﬂa grvglslﬂ f}ﬂiﬂeigi'
f eed rredll-'tmnfeedirm gells @RDE fdd-batdh Dmceﬁma modltjeme,ed medium, i.e.,
. bl \ : e
Cons SRPENIm B AR Rl Bfing dIsE LMk ingyin and TO
, (TabY@asquataNBscten@ dynson, Frankiintliakes, NRpBablesit was employed. For
ga' a@%&’éﬁ eﬂ@ﬁuéﬁ% Qfa@ §5‘(~ak Rof Besbaaslt E@H%H{Bduﬁ‘i‘ eTl|1\? pH of

| um was adj uste
Namhaffe@rmq medunuwes adjugied b 7.0 witbriph M% after the addition of all
Produgtpdienizhase in Bioreactor The production
bi oreactor was initially operated as a batch reactor,

Wi tho t enigiaétisePhidEmBibReachdy and di ssol ved oxygen
concentration closely nonitored. and controlled. The

condi t i orf NGfPredhistien, PP[ﬁaétWS dnptially spetpted asa kalghir %ctor with

t he tempehaltﬁrec s.lelssﬂ@mu b 8REoVAtE0ERBR eaﬁéeaﬁfaﬂéh gsseay monitored
lites he feedin roc

several ke 0
i LA Rt ﬁgﬁW@Pﬂ@ the;Gylfiee vk ¥aatad: by measuring the

I eMeyiglsi€ telPderisity and the concentration of several key metabolites. The feeding
process was initiated one day after the innoculation. The remainder of the
fermentation was the conducted in fed-batch mode.

Bioreactors of 5 L scale (glass reactor with one marine impeller) and 50 L
scale (stainless steel reactor with two marine impeliers) were used. (see Exampie
4). A data acquisition system (Intellution Fix 32) recorded temperature, pH, and
dissolved oxygen (DO) throughout runs. Gas flows were controfled via rotameters,
Air was sparged into the reactor via a submerged frit (5 um pore size) and through
the reactor head space for CO, removal. Molecular oxygen was sparged through
same frit for DO control. CO, was sparged through same frit as used for pH
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fermentation was the conducted in fed-batch node.

Bi oreactors of 5 L scale (glass reactor with one
marine inpeller) and 50 L scale (stainless stee
reactor with two marine inpellers) were used. (see
Exanple 4). A data acquisition system (Intellution
Fix 32) recorded tenperature, pH, and dissolved
oxygen (DO throughout runs. Gas flows were controlled
via rotaneters. Air was sparged into the reactor via
a subnerged frit (5 mpore size) and through the
react ggntlagad space for CO2 renoval . Ml ecul ar oxygen
was sparged through sanme frit for DO control. CO2 was

spar ggd tfﬁééug%[ {rrlt as used for pH 74 control.
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reactor on a daily basis. A sanple used for cell
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gI ucose, | act at e am ne, U amat e,
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L
5282""".2;*;‘;;;5&%&5. o sibtle, SRLBEDsal Motk SGEMIRL pluigmate, pH,
of CPPEAGP= §H6%ﬁ“aa§ﬂd,1opﬁlenes!lwa@tﬁte dehydwgeam (bDA).GAdditional

8, (eadeah BampAWERDAS L e - ATCC 68629), from
cultured CHO cells. The Exanpl e further describes a

process of this invention for Eﬂﬂﬁﬂﬁ'd‘g bot h hi gh

quantity ;gnd_hi ualjty CT i nvol vi ng

culture -ﬁlﬁg"‘?ﬁgql} ﬁ Sqries ﬂ'@rprm@ﬂ ot @EM@W&S&? to 357 or

shi f +% BBl hei@) 8 r(ﬂ:ﬁboﬂlnﬁfﬁl\l&fie%teg as ATCC 68629), from cultured
CHO cells. The Example further describes a process of this invention for

producing both high quantity and high quality CTLA4lg protein, involving culture
runs having two- or three-step temperature shifts and total run times of 14, 21, or
28-30 days. A temperature shift (T-shift) from 37°C to 34°C occurred on day 6
(end of logarithmic growth phase) and a second T-shift from 34°C to 32°C
occurred on day 10. The run was ended on day 14, day 21, or day 28, and for the
two-step shift, the temperature was controfled at 32°C from the shift on day 10
until the end of the run. For the three-step shift, the temperature was controlled at
30°C from the day of the shift until the end of the run The processes described

resulted in increased end titer of protein product, increased end celi viability, and
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28-30 days. A tenperature shift (T-shift) from37Cto
34C occurred on day 6 (end of logarithmc growth
phase) and a second T-shift from34C to 32C occurred
on day 10. The run was ended on day 14, day 21, or day
28, and for the two-step shift, the tenperature was
controlled at 32C fromthe shift on day 10 wuntil the
end of the run. For the three-step shift, the
tenperature was controlled at 30C fromthe day of the
shift until the end of the run The processes descri bed
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eRDF medium (Invitrogen, CA)} with glucose, glutamine, insulin, and TC Yeastolate
(Becton Dickinson), as described in Example 3, as follows: starting one day post
inoculation, a minimum of 1% culture volume was added, or if the glucose leval
was below 3 g/L, a calculated volume was added to bring the giucose level back to

3glL.
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preferably, 280-340 nmOsm The culture In the
bi oreactor was given a daily bolus feed using nodified
eRDF nedi um (I nvitrogen, CA) with glucose, gl utam ne,
insulin, and TO Yeastolate (Becton Dickinson), as
described in Exanple 3, as follows: starting one day
post inoculation, a mninmmof |%culture volunme was
added, or if the glucose |evel was below 3 g/L, a
cal cul ated vol une was added to bring the glucose |evel
back to 3 g/L. 76 The fernentati on process had a
duration of 21 days at 5 L scale and 28 days at 50 L
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days. These experinments were perfor
bi or &k diftgrent ﬁmes i.e., for I-A, II-A, and HI-A, the product and cell parameters were

assessed after 14 days, for I-B, II-B and llI-B after 21 days, and for I-C, II-C and
HI-C after 28 days. These experiments were performed in a 5 L bioreactor in
which the culture conditions were controlled as follows: pH at 7.0; dissolved
oxygen at 40%; agitation at 60 rpm; and initial temperature at 37°C. The data
were obtained from fed-batch celi culture fermentations according to the methods
of the present invention.

Experiments |, Il and Il were designed as follows:
Experiment [: the cell culture temperature was controlled at 37°C from day 0 to
day 21 {no temperature shift).
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whi ch the culture conditions were controlled as
follows: pH at 7.0; dissolved oxygen at 40%
agitation at 60 rpm and initial tenperature at 37C.
The data were obtained fromfed-batch cell culture
fermentations according to the nethods of the present

invention. Experinments |, Il and Ill were designed as
follows: Experinent |: the cell culture tenperature
was controlled at 37C fromday O to day 21 (no
tenperature shift). 77 Experinment Il: the cell culture
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cesi G SRR e bt NS0T g PR ernalEhcive a
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6; at 34 da and 32C fromday 10
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14 dlﬂVéntlof'lPrE)‘ebeameﬁfst\?-h, ¢B 83Y9-C refer to the same cell culture run with

the same temperature shift profile assessed at different times, i.e., for V-A, the
product and cell parameters were assessed after 14 days, for V-B, after 21 days,
and for V-C, after 28 days.

Experiments |-V represent five different culture runs as described above.
As described, runs of 14 days are designated “A”; runs of 21 days are designated
“B”; while runs of 28 days are designated “C".

Table 4 presents the results of Experiments demonstrating the impact of
different temperature shift profiles on the production of CTLA4lg by cells in culture
at the 5 L reactor scale.
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and for V-C, after 28 days.
five different culture runs as descri bed above.
described, runs of 14 days are designated A"
21 days are designated B"; while runs of 28 days
designated "C'. Table 4 presents the results of

Experi nents denonstrating the inpact of different
tenperature shift profiles on the production of
CTLA4lg by cells in culture at the 5 L reactor

Experinments I N represent
As
runs of

are

scal e.

78 Table 4 Experinment Reactor Tenperature End titer
End titer End SA End titer End Viable a scale shift
(g'L) (% (NANA) * end SA cé]a_luaﬁd cel | (L) (Exp. I-A
(ol re'g End iitet PERGSA [Epd el End |Viable
II Prcduct) rter, en cel
|abI§‘ nd deffdpnsi@y HHAHA'YCgRdF4iopelt [end cell
initial 9gtandal (Expdauf{madsr [INANA |viability|density
da%SZj 0. )7: 100 E&g&?gﬁ-ﬁm@ 3 36 NO (%) Mx10°
- ays) {11-A p -14 1. 17
. days) oné step fﬁﬁ%f - 3AC (0 4 6 cwdmuj
days) 111-A 5 34C (6- 10 2.30 315 6 17.5 81 3.1 |
days |4 “fbj;l“h“‘ﬂ'd '%5" and W‘%ﬂ"&ﬁ“‘rﬂegﬁ'mm%ﬁf:lmm““““ initia
. standar. roduction p f
tite ety sty Tand—viabte—end—ceht——densgity
3700014 ,
assess¢ﬂ after 21-da§ runwob® | exoendedzRr dugglqnse 0.8
Phasie days) '
: - no T-shift -
37°C (0 — 6 days}
i-A 5 34°C (6 - 14 1.30 178 8.1 10.5 82 1.5
days)
- one step T-shift -
37°C {0 — 6 days)
ih-A 5 34°C (610 2.30 315 7.6 175 | 81 3.1
days) _
32°C (10~ 14
days)
- two step T-shitt -

Product titer, end
extendgd

cell viability and viable end

cell density assessed after 21~day run with

3roductlon phase
: 37°C {0-21
" days)
- no T-shift -

1B 5 1.30 178 6.6 8.6

20 0.3

37°C (0 — 6 days)
34°C (6 - 21

days)
- one step T-shift -

2.70 370 83 14.3

28 0.4

37°C (0 - 6 days)
34°C (6 - 10
days)
32°C (10 — 21
days}

-8 3.50 480 6.5 228

57 1.7

- two step T-shift -
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37C(0-21 1-B 5 days) 1.30 178 6.6 8.6 20 0.3 - no
T-shift 37C (0 - 6 days) 11-B 5 34C (6 - 21 2.70 370
5.3 14.3 28 0.4 days) - one step T-shift - 37C (0 - 6
days) 111-B 5 34C (6 -10 3.50 480 6.5 22.8 57 1.7
days) 32C(10-21 days) two step T-shift 79 "NANA"
(N-am no-N-neuramnic acid) refers to sialic acid
(SA). "End NANA" refers to the NANA of the product at
the end of culture. Table 5 presents the results of
Experi nments denonstrating the inpact of different

o o s n A (Bl e i s S bt lpeid (4). “End
scal e. TaNAMAS rdfsieas tHENANRA GefrodisiBEhe lent ef Enmbre.

titer End\/ale #.s cell endce .

I LI viabil ?l?'? PEPRS F‘f&s"ﬁtﬁfg)gxé%%ﬁﬁi impact of
tit erdiffezerd tarabérawrabmﬂ ipkofilessh thie @bdcﬁtcﬁcﬁrdof(&”mAﬂg B$ télls in culture
asses dsﬁjfter 4 run with initial standard

prodlf?iﬁ] fReger (0-6 days); |V-A 50 34C (6-10

days); 1.4 95 5.5 329 (10-14 days) - two step T-shift

- 37C (0-6 days);

Table 5
Experiment|Reactor] Temperature |[End titer] End [Viable
# scale shift (g/L)} | cell jend celt
™ . viability|density
%) |(x10°
cells/mL)

Product titer, end cell viability and viable end cell density

assessed after 14-day run with initial {(standard) production phase
37°C (0-6 days);
-A 50 3'4'.: C ( 6-10 days); 1.4 95 5.5
[32°C (10-14 days)
- two step T-shift -
37°C (06 days); ‘
V-A 50 soc =10 daysy,| 14 91 5.4
32°C (10-14 days);
30°C (14-21 days)
- three step T-shit -

Product titer, end cell viability and viable end celt density
assessed after 21-day run with extended production phase

37°C (0-6 days);
V-B 50 34°C (6-10 days); 2.5 &7 2.5
32°C (10-21 days)
- two step T-shift -
37°C (0-6 days);

34°C {610 days};
32°C (10-14 days);
30°C (14-21 days)
- three step T-shilt -
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V-A 50 34C (6-10 days); 1.4 91 5.4 32C (10-14 days);
30C (14-21 days) - three step T-shift Product titer
end cell viability and viable end cell density
assessed after 21-da run with extended production
phase 37C (0-6 days); IV-B 50 34C (6-10 days); 2.5 67
2.5 32C (10-21 days) - two step T-shift - 37C (0-6
days); V-B 50 34C (6-10 days); 2.6 82 3.2 32C (10-14
days); 30C (14-21 days) - three step T-ship - 80
Product titer, end cell viability and viable end cel
density assessed after 28- day run with a further

ext ensi on of r t i on ase 37C.(0-6 da s Iv C 50

gtdfgp( 'EI;' égi S?y- %&?’%& %%@Eg ays)

3.1 69 1.4 z(, (I0-{4d3 w_sﬁaég.s)( 4-28 ayS)
three step T-[shiN-C 40a9 @&_ %Ewtzrsat ds7by thet
experinments ifn this n‘p T 9 ti- step
tenperature ghift pr file@°%¢-é8¢aw1dto mai ntpin a
high cell vigbili thrc»u\ghﬁ@tT-ghlne cul ture prpcess.

Speci fically,i c4,37re\ da i tH—=B—shows—that
the use of tHhe tigred| tsyo4s % agyre sy ft 14
profile maintlai ned al hi ghMC% Odal’s)
32°C (10~14 days);
30°C (14-28 days)
" |- three step T-shift -

As has been demonstrated by the experiments in this Example, the multi-
step temperature shift profiles were found to maintain a high call viability
throughout the culture process. Specifically, in Table 4, Experiment ili-B shows
that the use of the timed two-step temperature shift profile maintained a high cell
viability (see also FiG. 6) throughout the 21-day culturing p'rdéess_(inci_uding the
extended production phase), allowing the titer to reach 3.5 g/L at ‘a high sialic acid
content of 6.5 [molar ratio]. The success of two-step culturing procedure can also
be evidenced in the high value of the mathematical product of ‘end titer x end
sialic acid'.

By contrast, a culturing process involving no temperature shift (Table 4,
Experiment i-B) led to an early decline in cell viability. Further, the use of a one-
step temperature shift (Table 4, Experiment 1I-B) was found to yield a lower end
titer, end sialic acid, and ‘end titer x end sialic acid’- mathematical product
compared with the two-step temperature shift profile and process according to this
invention,

In addition, the results presented in Table 5 involving cell cultures
performed at a 50 L reactor scale demonstrate the advantages of the multi-step
temperature shift culturing technique of this invention. The third temperature shift
to 30°C was timed to take place on day 14. In particular, the benefits of a triple
temperature shift on cell viability and end titer (Table 5, Experiment V-C; also FIG.
7) can be seen compared to a double temperature shift. In accordance with the
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viability (see also FIG 6) throughout the 21-day
culturing process (including the extended production
phase), allowing the titer to reach 3.5 g/L at a high
sialic acid content of 6.5 [nplar ratio]. The success
of two-step culturing procedure can also be evidenced
in the high value of the mathematical product of 'end
titer x end sialic acid . By contrast, a culturing
process involving no tenperature shift (Table 4,
Experinment 1-B) led to an early decline in cel

o b A S 0 G
| oxéve nhuas:w grotdin pafdumaﬂdﬂet h&mé @amﬂammi o:j ﬁﬂ?shiﬂ? métﬁddtgas «_zfatmhbe
end sjalic i d - mati.c rodyc onpar
Che RS OIS raroleny or Sregim.dorha SWRntiet 81 na 28 day
accorcdltun'g riires. El_[h.it-:leto | sbaﬁﬂipl éfﬁect,lwhiti‘.l'ldiéidsi.z?m célihaulturs the titer

re in vol ving_ c ul tures
Pert SPhEqua i85l Ceaditiohldar Butid fbe srdunat gipwer than at the
ad?/ ;arﬁttagmﬂe dﬂoWé\&r, ritLib readily amretaam:mhaitsuprle a6 ffbét does not detract

IS invention

C el e aEHHlp e orHe fydl G e WS Riyed it et ung s provided
day by this mveatidni cul ar, the benefits of a triple

t enper at “A%X\ﬁglr;rfc‘ed%p tt%ae%'sut‘(% Bbadiba i Bhnflis ! fot Rlose runs in which

(Tabl e
conp artemperettue cbiftiwas pednpeedonuday 8 liief tat menembmfdhej lngaethmtc

ith
e 148 e 6 DSRS0 40 s oL GRStk
pr ot éPmpaned ddibtdopinolransinitye absenne of & rtefmparatutm@l&h Asobserved

net h%ﬁ] th@f@éﬁﬁ? he volﬂméﬁlﬁ\bwdxfcﬁ\ﬂﬂ]J@b&e%seg typ-fold by fhe use ofa

artlc or exanp or the ex
day sbglettemperatie shiftud sesoad tempesature wiift or day i ieldeda higher

usuakell MalGRy I«':mﬁ BlefniaF ff'ncretagéd %I tﬁétnc gﬁ\H p;ﬁ’BxufrﬁfeI?@fold

L reactor scal e was found SO .
at t ReMpayed vdihdyrs W%%W@hrﬂ)ﬂ whlfreéhe emuptwtabwrr@@mpe drigh, as-

t hat dstafhingd b tHeestdlictRRFcIARint detheaR/coplotipidaget.

advant ages of "the two or nore tenpéerature shift
culture runs as provided byeExApLE®Bvention. As

evi denced by the results presented Tn Exanple 5, for
those r urikhis Examh;blé bres&nﬁs@lﬁltﬁﬁlﬁiv&iﬁ@th&hihbbe%ﬁltm@ pfavesed

phas Emp e i dempiaB o o4l Rt EEpra o A3 frienion has no
vi absthtistizakyesignifidanbéffention theoamaurd ﬁ:f ?ttdtéin 00 chAanmat is

t t I
1 onb EAGCRRG Ref bo b BT el beodie i R GG i Pperature st
i ncr ealsrttutingféroledtatipn) hethuds thod oweraltpmgumnohmipmtamun the

ﬁPIgL rrocésﬁg ﬁ%\%sﬁl?gﬁﬁ&%tvwb?e c‘?’Jil s[urv%gd Gl ﬂﬁ% éﬁd fql‘?e pl%cess

Because more cells survive for an extended production time, more viable cells are
producing the desired protein at the end of the process. This, in tum, yields a
greater amount of the desired protein product at the end of the process or culture
run.

Table 6 illustrates the cell specific productivity at various times in the
process encompassed by the present invention. Cell specific productivity is
determined by the formula as presented supra. The culture process designed for
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cell viability and further increased volunetric
productivity (approximately 3-fold conpared with runs
with no T-shift), while the product quality remained
high, as determned by the sialic acid content of the
gl ycoprotein product. EXAVMPLE IS This Exanpl e presents
data showing that the cell culture process conprising
two downward tenperature shifts according to this
invention has no statistically significant effect on
t he anDunt of protein e.g., CTLA4lg, that is

produ unit tine. ln accordance th

t he %ﬁ@"?'&#ﬁ%‘ﬁ LA4lg. otharspluble CIILAY mplecties, @nd solible CTLA4
(fe : nmnta'mt m@l@):ulﬁetshﬁd§a nbh@r@ﬂﬁhﬁoﬁa@é&‘é@édﬁﬁ‘ Wﬁfch protem
protein.i

?r] b roceséWg e resul nore vi ab
cel | sPEAPHOOPRYMTAR of @ S48, ot %@W%&B@é the s ot e

nor e stefidrmnsphiaseVelldwing @ipoﬁéhﬁﬁll dﬂp%:'ﬁwmdmﬁel diita bted¥Bnted in Table 6
nor e rviaZbL?et cells. ar ggrg $a desired protein

at t hEH P 18P Sxprit uck eEﬁ"rn yields a

greater anount of the desired protel n product at the

end of the process or culture run. Table 6
illustrates the cell specificwctivity at various

times in the—process QAP present

i nvention. el I %Bﬁ;ﬁ mﬁ BW 35 ta'n il dRE e
by the formil a asa'?j?eé%ent d sﬁﬁ’F'éf‘”"The culSPeqfis PRteiteds
desi gned for{ 82 the proddctioflinéd) CTLA41lg, Produaiddn
SO: ublle CTLAA /eetlshi, qud !ﬁt@ﬂ‘l'ﬂ@éy@ blLA‘M?W&eW&&y
nmol ecul es | §—tht AR oW H—83S06 —ered ”oce" i
whi ch proteiln ':;B?nr‘l.rl.;#mlwnﬁ hprﬁﬁ%r??g or Hh(?ﬁ{lpﬁ
i.e., approxdinately at the start of thd statlonary
phase, follqw lrg/Bxpbstént i al Adelthdgys owt|h. STheg/ciltiay
presented i M TeBl@ndr-sHie! tepmgggg@sex eriwg é@.,fday
conduct ed i n—Exarpte—-5—Fabte—-6—Exanpta+—FShif++—Celi|
Specific Prdtein Amunt_of Cell Parangter Producti of
speci fic Prdt &t ™MPTistls prodfivrds eans | - 4 / 4R Poreeliay ¢
After 14 days 8/ Twodephite| YVdafterl @yé Nq TEsBpd/deliddyt er

21 days 64. 1 pg/celvday AT One T-shift—After 1%
days 55.5€/ceIVda |I-B /[ One T-shift After 21 days
60.9 pg/ cEel ic prgqueiivity fubable 6 wiastcgicpfatast using erldensity and

47.5 tim/mlshlleﬂﬁzy\ts, as described hereinabove. As wili be appreciated by the
skilled practitioner in the art, cell density measurements usually have about a 10-
20% standard deviation (SD), i.e., a high SD, and are imprecise. Therefore, the
determination of celi specific productivity has a corresponding 10-20% standard
deviation. Thus, in view of the high SD involved in these types of calculations, the

. amount of product produced per cell per day for the different run times does not
differ significantly among a process having no T-shift, one T-shift, or two T-shifts.
The high levels of high quality protein product produced by the newly provided cell
culturing processes of this invention, and the overall increase in protein
production, are attribuied to the higher numbers of viable cells that survive through
the entire culturing process comprising multiple downward temperature shifts.
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[11-B/Two T-shifts After 21 days 51.9 pg/cel Vday Cel
specific productivity in Table 6 was cal cul at ed usi ng
cell density and titer measurenments, as described
her ei nabove. As will be appreciated by the skilled
practitioner in the art, cell density measurenents
usual Iy have about a 10- 20% standard deviation (SD),
i.e., a high SD, and are inprecise. Therefore, the
determination of cell specific productivity has a
correspondi ng 10-20% standard devi ation. Thus, in
view of the high SD invol ved e & fypes of

cal cul ations, the anount of pr%gg@?Lproduced per cel
per @g&ﬁggTAhe different run times does not differ
signitrcantly anong a process having no T-shift, one

T-shift, or twhisle:aMdié A prJ\Ht?esr}h&Bnélg‘éﬁél ?ee@fenfé' diblo /o in the

qual ity proteln product produced by the new™y provi
cel | PreqePeen ¢ ﬁ'@e present dxnention for frescyltyegof fsepmalnanttqﬁrﬂs that

over akdducs @f@@%ﬁluwmm@@ng AOYELCHOEY hétb in Exam Ies 7B-13.
attrlbutedtothe g nunmbers of viable cells t

survilve thehlyHure Medigm The hagsakaefl culire msdittm used for ﬂ“ phases of

CONPEbIFind8uldiml dehblafiodl @48 Waidifidd s ReHt H\'é@luﬁ'hécfﬁtﬁnlné Blutamine,
EXAMPLE 7  Exanple 7A This Exanple 7A prov

mat eFPEH@ W%W lin ap¢h mmrew#etﬂwtwg%&%%gd §3A), as

t he preapiiledimY&HE 6O rrhécyH 6fhﬁe Rildiunt was agAgtgg Ift‘@m Wit N HCI.

ceII that QB@ ﬂu e EE I|f|ed L104 %
desc P bassl epLeyivrem 'éﬂHb'r' fopgrpwth af cuftiwies inchicragctors, inciuding
Medi arneTma_)bﬂsmbr @el) arvlibd MeE(SOErDrodudtRA deéd@dsrs Alvds also the

phases dﬁzgg Cﬁ}ﬁbb%%&u' % &n g'ﬂ,éslﬁ%n m@ezaayr{tgl?ﬁut me(%hotrexate The

b| c apHar #ieemediosiwdsadiusdediat ho Wit aN 10| nvi t r ogen,
Carl sbad, CA), as exenplified in Table 6. The pH of
the medi um was adjusted to 7.0 with 1 NHO. The
basal cell culture medi umused for growth of cultures
in bioreactors, including 5 liter (5L), 10 liter
(10L) and 50 liter (50L) production reactors, was al so
the nodified CD CHO nedi um shown in Table 6, except
wi t hout nethotrexate. The pH of the nedi um was
adjusted to 7.0 with 1 NHCO. 84 Table 7 Mdified

CD- CHO Concentration Medi um Conponent CD- CHO 25x
Acids | 40 mlL
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(I'nvitrogen, Carlsbad, CA) CD CHO 25x Acids Il 40 mL
(I'nvitrogen, Carlsbad, CA) CD-CHO 25x Salts | 40 m/L
(I'nvitrogen, Carlsbad, CA) CD-CHO 25x Salts Il 40 m/L
(I'nvitrogen, Carlsbad, CA) L-glutamne 0.585 g/L
(I'nvitrogen) r-human insulin 0.1 m/L (10 ng/niL)
(Invitrogen) Methotrexate 5 1L (20 nM sol ution)
(ICN, Costa Mesa, CA) Sodi um bi carbonate 2.22 g/L
(Mal | enkrodt Baker, Phillipsburg, NJ) In all Exanples
except Exanple 10, for feeding cells in the fed-batch

process, a nodified feed nedium i.e., eRDF-1 nedi um
(I nvi trogérﬁ‘f",e cont ai ni ng glucose, glutam ne, insulin
and TC Yeast ol iT € @iffddFDIOHOKI NFON, Carncakiralbnakes,

NJ) was enpl oyed, .as shown in Talble 8. The pH of the
feedi ng nmedi um wal¥edumGemAEReMy 7.0 with 1 N NaOH
after the addi {i oohaiHGRIx Aiigponeént s. 8% mebl e 8

Modi fi ed eRDF | | on  Conponent eRDF
16.8 g/L (lnv vﬁlggg@n%ﬁ%%%j CA) dextrose_30.94
g/L  (WWR-Mal | enkFe@HORB&els - g ut ani né0mi g/ L
(Invitrogen, Carisbad, CA)

CD-CHO 25x Salts | 40 ml/L
{Invitrogen, Carisbad, CA) _
CD-CHO 25x Salts I 40 miL
(Invitrogen, Carisbad, CA)
L-glutamine 0.585 g/L
{Invitrogen)
r-human insulin 0.1 miL
{10 mg/mL)
{invitrogen)
Methotrexate T Sl
(20 mM solution) '
(ICN, Costa Mesa, CA)
Sodium bicarbonate 222 gL

{Mallenkrodt Baker,
Phillipsburg, NJ)

in all Examples except Example 10, for feeding cells in the fed-batch

process, a modified feed medium, i.e., eRDF-1 medium (Invitrogen), containing
glucose, glutamine, insulin and TC Yeastolate (Becton-Dickinson, Franklin Lakes,
NJ) was employed, as shown in Table 8. The pH of the fseding medium was

adjusted to 7.0 with 1 N NaOH after the addition of all components.



(I'nvitrogen)
(I'nvitrogen)

Frankl i n Lakes,

(Ferro-Pfansti

r-human insulin 1 nWL

TC Yeastolate 5 g/
NJ) D- gal act ose
ehl , Waukegan, 1L)

(10 g/ i)

L (Becton D ckinson,
12.5 g/L
For Exanple 10, the

feedi ng nmedi um was that descri bed above with one
eRDF-1 was at a concentration of 25.2

nmodi fi cati on:

g/ L. 2. Production Phase in Bioreactor The production
bi oreactor was initially operated as a batch reactor,
with tenperature, pressure, pH and di ssol ved oxygen
concentration closely nonitorqableegd controll ed. The
condition of the culture was éval uated by neasuring

the viable cell density and the concentration of

several key el #idaincH@RDF MEIAET N0 GInPERtoRaS ]
initiated one [day after the inocjulation. The renai
of the fernertatioff®RB2"%%e conducted in fed-batc
mode. Bioreactjors of drof-Iscal e (jgl ass reaggor W th
mari ne inpell qr gl ass with two mari
i mpel | ers) ang @5‘8 %Aggﬁﬁs%% t05\|6 | ess steel reactor
with two marijne |rrpé‘P’1tfé$€S) wer d used. 3¢.8¢g/l.Exanpl

2). A data accquwﬁ.mmﬂéattmr)(l ntellution Fix 32

recorded tenpgrature and \Ledwn—gx
control ¥ i a

t hr oughout runs. E'QF'F%'W? vvere

rotameters. Aijr was(lsyieoggeld i ntd the reactor via
subner ged fritmﬁﬂnﬁéﬂﬁﬁsuﬁ Ze) [anmdthrppgi—tie
reactor head |[space for remgval . Ml ecul ar oxy
was sparged trrough(@é‘?ﬁgmfrlt fgr DO control. CQO2
spar ged t hrough sarrﬂn\fitrdgbn)as usgd for pH control
Feedi ng Strate S—POS
m ni mrum of 1% of CHF?&?éét&(g/fgl ume
feed medi um was d&8een Piskissophe
gl ucose concent rraadkana»@s N3y 3.
whi ch t he gl ug¢ese—earicen

hder
h

one
ne

D
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of nodified eRDF-
ioreactor if the
Og/L In cases in

has 12.5 gL

ai ly

A
Hotf—&—6G

At
Vo U T CMTTC T Fru’ll UII

-galactose

{Ferro-Pfanstiehl,
Waukegan, IL)

For Example 10, the feeding medium was that described above with one
muodification: eRDF-1 was at a concentration of 25.2 g/L.
2. Production Phase in Bioreactor
The production bioreactor was initially operated as a batch reactor, with
temperature, pressure, pH and dissolved oxygen concentration closely monitored
and controlled. The condition of the cuiture was evaluated by measuring the
viable cell density and the concentration of several key metabolites. Thefeeding
process was initiated one day after the inoculation. The remainder of the
fermentation was the conducted in fed-batch mode.

Bioreactors of 5 L scale (glass reactor with one marine impelier), 10 L scale
(glass with two marine impellers) and 50 L scale (stainless steel reactor with two
marine impellers) were used. (see Example 2). A data acquisition system

(Intellution Fix 32) recorded temperature, pH, and dissclved oxygen (DO)
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below 3 g/L, the volune of the daily bolus feed was
calculated to bring the glucose concentration back up
to 3.0 g/L. The daily feed anbunt was recorded on
batch sheets. 4. Sanpling Sanples of cells were
renoved fromthe reactor on a daily basis. A sanple
used for cell counting was stained with trypan bl ue
(Sigma, St. Louis, MJ). Cell count and cell viability
determ nati on were perforned via henocytonetry using a
m croscope, or via Cedex autonatic cell counter

| nno atl AG Bi el . For anal ysis
(ot aioBelt Ry G liirs warm cpRIIaY Visalamatagod s Sarged into

M Ut s otk émér@@l frftQE wﬁ%ke §§6)6afnatth|%ngh the reactor head
Super nat ant S ana he ng

par antPags or ¢ r@fnove &ﬂq'@cwloavgegmmerquaewga same frit for DO

gl ut agentrel. DIV ERgediHrough @8me it u ritff
optionally, l|actate %ehydrggenase (LDH). A (gl-lﬁ?ci)onal

back-3ip s#epdiag Steitégy r ozen at -20C. Exanple 76 This
Exanpl e 7%9 cribes, the produ on of L104EA29YI g
1275 b

shown as ourg poastjpocuiation, a8aily;minimum ob1% of ﬁE'B-HP Mglume of

DNA degdifiad edeIWi tdwtrham&&ﬁ Wasagdéd ifto t&b@ﬂareaét%ﬂmne glucose
es a

cul tured l's. Th s Exanpl e al so descri

proc ﬁgcﬂﬁgﬁﬂ“ was g eh gilo A" FARFSIIN WRIGh Hirigiieass copeentration was

IOO: ])c/aiﬂdmﬂﬂi e/ mwurde oﬂﬁé @aﬁ)ﬂﬁiﬁisf feééWa}é cﬂ@ﬁlﬁfa@ﬁo bring the glucose
sul fat e

cul t | s used fo
Lot Bk freur 5 Qalle Tos SR amaNgtms Essorded on bateh
ChD Clﬂ@eetedl um (I nvitrogen, CA) containing glutam ne,
sodi gar bﬁnat e, insulin, and nethotrexate using
T-75 71 asR&MENBYshake- f 1 asks. T-flasks and shake-

f | aslSanmperseoficeltdwaiteadmdl/edifém amgredtotoR a difly Bisis. A sample used

© 1 andSspl sateiigal SRS v G e o 1oL ML Bo1 count
CD- Clafd neﬂjwahllﬂaslethrmmatlhe d;eai;mﬂemax gie m@mucﬁbﬁmry using a
' rret h?r'ilérg onJ \Pé b' ?%féglﬁg% Qgg?ﬁ_f%%gﬁtlgtr V\%%Hs %gtgle?efeld

vi abl e c
vVess @esmwr)e I@praﬂelysleatmm)omqmlqm&ﬂnaﬁ samptnwasoehtiifuged for 20

11 oud ol IE S SR TRTART TbLoTbo Al S maralyeSpapgedtor e

| ngl o fallowingesacameters: diter, sﬁli;{amiQQMCbm llaotﬁemhﬁtarrmes gi®mate, pH,
r A e

I?/BI e@ 3&%5”\&5@32%%8 OF%IPG la l?iﬁt geucée%yflwgeg ”(E}Sﬂ),[ Additional

for D@Iemnsamplesﬁ@ﬂeﬂmnsqnaﬂoged t hrough sanme frit
Exampile 78

This Example 7B describes the production of L104EA29YIg, shown as -1 to
357 or +1 1o 357 in FIG. 9, (encoding DNA deposited with the ATCC as PTA-
2104}, from cultured CHO cells.

This Example also describes a process of this invention involving addition
of polyanionic compound, more specifically dextran sulfate, to a cell cutture.

CHO cells used for L104EA29YIg expression were expanded in modified
CD-CHO medium (Invitrogen, CA) containing glutamine, sodium bicarbonate,
insulin, and methotrexate using T-75 flasks and shake-flasks. T-flasks and shake-
flasks were incubated at 37°C and 6% COQ.. Afier sufficient inoculum was
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for high side pH control. Low side pH control was
realized via addition of 1 N NaCH or Na2CG3. The
culture in the bioreactor was given a daily bolus feed
using nodi fied eRDF nedium (lInvitrogen, CA) wth

gl ucose, gal actose, glutam ne, insulin, and TC
Yeast ol ate (Becton Dickinson) in the follow ng nanner
starting one day post inoculation, a mnimmof |%
cul ture volune was added, or if the glucose |level was
below 3 g/L, a calculated volunme to bring glucose back

Pl R W T il S ot
34(: ﬂ[bﬁfidhmeénuﬂmsl@scmemiove,rme;uagmggt mﬁﬂwotmgate Imtlal seeding
fermy gghgp@; éHoCUb%Ssﬁ’ Qelf’é‘./rﬁ&’&‘ c[aﬁgf@fi‘“ on of 14-19

days. Were T en on a asis fromthe
react or. TieeSkangpielL maisﬁme glaes rﬁ@ptora:mped/w@ one and two

st ai 'Fﬁaﬂm\ﬁ"u{npelfe?é’ %@?e&b&iﬁ ét AppIRtaR ’CAYDbasff?WS v E&nl?(ﬂ@d via
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of the addition const % of the worKki
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EXpeBVftEﬂélﬁ Ry D t88HatBLCHRING dAES LT R Gt 82°C Rbrh 10 on.
Exanpl e 8-a:_ dextran sul fate was not added.t

cul tures (MedgAPeRsRtionRipeansdad afypieq| duratin of 144 days. Samples
bi or gaed Rkén od aQ‘Ml!)I Mﬁfr@rﬁ tﬂ@#eab!oﬂf'ﬁﬁ’&éﬂﬁﬁlb us&¥ ﬂ:FFﬂIh@cell count
8-b: dextran s fate 31}5 concentra blﬁy
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o AG, Bielefeld, Germany). Supernatant was analyzed for: LEA29Y fiter, glucose,
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Dexiran sulfate (sodium salt, from dextran of average molecular weight
5000 Da, Sigma, MO) was dissolved into water or into medium. The solution was
sterile-fittered and was added to the reactor to a concentration of 50 mg/L. The
volume of the addition constituted at most 2% of the working volume of the reactor

at the time the addition took place.



bi oreactor). The average viability, viable cel
density, and total cell density profiles, and their
standard devi ations for Exanples 8-a and 8-b are
reported in Figure 11. In the control cultures, a
plateau in viable cell density was observed between
days 6 and 7, corresponding to the stationary phase. A
decline in viable <cell density and viability was
observed after day 7 (on average) for the contro

cul tures, corresponding to the death phase. Wen
dextran sulfate was added to the cultures on day 6,
the growth phase was extended Eﬁﬂﬂﬁl&ﬁ& 11. Viable

cell den '.t)é reacgfd %?Eaverage 5.2 x 106 cell s/,
versus 3. ?"'ﬁ YYEPIeSereTaes apg preseats tﬁ%l‘ﬁsﬂﬁﬁ of afemparatiye study to
r enaiansEbsahowitecd GP/adﬂltIdnrtﬂ lpbl?hﬁloﬁl& empsshd HBP& Qpﬂ\ﬁ%ﬁy dextran

After bl.e cel| density and total

dens’’ %maqge‘%tl 1‘1% "5‘ OBWalsY t i onal f ashi on,

i ndi catl n@.am:l 10U hisieactomniare dfocalatedSwtit 6. 2&“@6%%%1. of Y
I ndex %Babove O% until day 15. Figure 12 1s a

I ogarl g eelSi on of the viable cell
densi ti esEmnmenfstmaanwa-baﬁeréldﬁﬁgﬁw asioléwd: es Wi t h

dext IS at dlt n and for control runs.
ot FRAmB 88 o Bar el ios s8e G o the v onti pultures: 4
denletuees -nﬁLmucgaamm;Lq cwlluifése:hedl. bdﬁmms g on the

IOr es@ Rfipl8 rsl-LP %'iaxt%n d&?f)éfervyaast aecﬂﬁg?o gﬁBp%gtrﬂjéqrEqrafsSSOenqg/?_ tg the

C ons@ldﬁhlfem M( D3ylay & ailtdredad cdifirestih 58 bioraadersOf culture in 10L
0. 00digrdlctoy). | N contrast, death rate in the average of

the contro s was, between days 8 and 12 where it was

at a rrBX|Tﬂi'9rﬁVe@Q@@@hlilty mabl§lwa&(:!emhﬂytanﬁﬁoﬁQcélLtié‘n@ltﬁpromes and

addeg rate d
ada heﬁggggéfrd%eﬁa ?\%ﬁoﬁ?ﬂh&% b da%@ sdq =h are epa & Inq:ugure 11.
benefi ci & th@fﬁpetf@@utwre@l@@lataau Fuvighie eeid@msrty bad ohbarved

pr odietlveert-ddIA R %oFré%:%Eu}uW@?o ﬂgggt:;t%[?aég' pm%é) r/} %Cglgg 'R viable

dextran sulfate additio
of 5l dgngityandyipblity was ebserediafiendan? famoriecige) for the control

L104kha2¥] cﬂ)n‘ebbcﬁ{dfr@'lo ﬁ?@&eam&rg%g ﬁén%x{}m&att § 888ed to

Sta dar ns titer viation 0

'P%F qﬁif%%%é]ﬂvee th %afomfmheeawae eftended untd day A1 e\name cell

1 SBeﬁsmﬁeI&lfedQ:}ht BRtadals 4l Qéféﬁl%@ vaisah ¥!53L P LeliOhL for the
dlfferer‘l ragji]tyrl s reported in

contr emained above 90% dunng thls extended growth phase. After
day 11, viable cell density and total cell density declined in a proportional fashion,

indicating cell lysis, and, as a resuft, the viability index remained above 90% until
day 15.

Figure 12 is a logarithmic representation of the viable cell densities as a
function of time for cultures with dextran sulfate addition and for control runs. The
death rates (given by the slopes of the viable cell densities in Figure 11) differed
depending on the presence or not of dextran sulfate. In the presence of dextran
suifate, death rate was approximately constant between day 12 and day 19, at a
value of 0.0012 h™". In contrast, death rate in the average of the controls was,
between days 8 and 12 where it was at a maximum, 0.0024 h™". Thus, dextran

89



10. Gven the relatively large run-to-run variability,
L104EA29YI g sialylation can be considered not to be
significantly affected by the addition of dextran
sulfate on day 6. Table 10: inpact of day 6 dextran
sul fate addition on product L104EA29Ylg sialylation.
Condition Run # NANA nolar ratio Control process 1
6.8(14) Control process 2 5.5(14) Control nnQQess .14
5,7115) Con 4 1; 9; (Ils) Control orocess 5 5,5115)
Control process 6 & (161 Day 6 dextran sulfate 2 54
(141 f. Q

sddi ﬁg‘%‘é‘@‘?ﬁdﬁsﬁ% § oENR ok 38 tEath Pgle UG lne gt phase by
t he dRaenpipMase. A 5L bioreactor of L704EA29YIg

- produci n

Nihoonel geﬂﬁﬂettﬁ B%?eﬁ’cﬁ%i‘ﬁécgge &;qegfrr%@%ulg?@ééstc}ﬁggé a8, product
Dext L-ARAEARSYAg Hier was smjtaemtfamr w@w%deﬂ@nﬁuﬁatelaﬂdmbn (Table 9).
viable cell density, and total cell density profile is

pr esdaPE: F'ﬂpath@@#yeﬁ dextransyifate gddigen ge praduat ISI4EALRYIg titer on
on dayy #40f such a culture could prevent the
occurrence of a najor decline in viable cell density
up tp day ZTénditioHS, WNENNuMBT [ ATAvEHIgEaTE | Staniard

duripg the death phase,| cell death can be arrested fo
sevel-atl—eays—tn—thi-s—HHFs { filgr day 14 igdeyigtion of ftiter |

PIQPIQ d" ¢ 1 —ahit :|1 5 0
. %éﬁ,@%&raﬁ ﬁfﬂ‘!ggée 0 - N N Y S iﬂﬁg'
EXA 10 IIII T OWS e ec S I".g
4 Py h
L

dext ran—sut-fate H
death phase. A 1 OL bi oreactor was |nocul ated with 0.2
x 106 celThs/edensfol LIGUEARDYY gjalylptiardioe difigrené hirs. is reported in Table

Lhi s1PaGibs HeX el RNATRIGe n.'irhﬁ‘)-rgiﬁ'V‘LaXal;ﬂﬁﬁq_MthAé%fﬂgas:ngEﬁon can be

considered not to be significantly affected by the addition of dextran sulfate on day
6.

—

edaal + {1 |t-|lr'\ fh_ﬂ

cuUurtTor T

Table 10: impact of day 6 dextran sulfate addition on product L104EA29Yig

sialylation.
Condition ] Run# NANA molar ratio |

Control process i 6.8 (14)
| Control process 2 5.5 (14)
|___Control process 3 5.7 (15}
| Control process 4 55(15)
| Control process 5 5.5 (15)
| Conirol nrocess 6 6.3 (16}
| Dav 6 dextran sylfate 7 5.4 (14)
Dav 6 dexdran sulfate 8 6.9 (14)
_Dav 6 dextran sulfate g 6.9 (16)

EXAMPLE 9

This example shows the effect of adding dextran sulfate to a cell culture
that is in the death phase.

A 5L bioreactor of L104EA29YIg -producing cells was inoculated at a
density of 10° cells/mL, and the death phase started on day 5. Dexiran sulfate
was added on day 6.
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concentrated fornul ation, and as a result the onset of
the death phase was delayed until day 10 (Figure 14).
Dextran sul fate was not added until day 14. The
~viability, viable cell density, and total cell density
profile is presented in Figure 14.. Addition of
dextran sulfate on day 14 allowed a stabilization of
the viable cell density for a period of 4 days, after
whi ch the culture was discontinued. This exanple is
another illustration of the arrest of cell death
during the death phase upon dextran sulfate additio

to the cul'Pgr@biityxugpieced dengily andialahrell dansisprofile is presented in

ef f ectig@h 13dAddIbrOsPdekidh Maf@ér?d% 8h3uch a Cﬂftﬁre t?dcuicﬁﬁ’event the
of del a%ed addltl on of _dextran sul ate ma% be seen
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L 104EA29 Yirgthigrran| LrtitBofcied /& with HINARKIh@Er @b af €6 RS obtained
added tqo 21 concentration of 50 ng/L on the sanme day
C

as t B 9¥déul ation (day 0). The viability, viable cell
density, and total cell dens] fLl es are presented
in Figure 15. Neither cultyﬁ%@ﬂg@éd a hi gher cell
(Compar e ENGsranbshE w%ﬁ%%*%caiﬁf o bRt Byl oot cutere
deat hhatMIaSEGdﬂatUaya% or 8, as opposed to day 11 when
dextran s
11 and 155 OB it w0 25 I°RERANE cil flEovig-
of tPedysinggalis. viothis oa&uulgv exafuple thelJailyrfdedw8S ote more
(run cggéentt’é{é'dqgmﬁﬂ&oﬁ FUAd & ?%?shltl’he Sifebof tﬂ@@e%tﬁzbhase was

e contr

titers obtal ned rocess or
pr oc &&ayeq pntit day 18 (Figerrt1dh nD%Twauﬁatad'cﬁSt nop addarcbentil day 14.

Exanpl e 8jpe \];Qtﬁfﬁﬁ \ﬁ&ﬁé’bélﬁdéﬁ% EﬁB ﬁcﬁéﬁzeh i&‘énéﬁﬁﬂ&%@@‘iﬁesented in

of thetlmng dextran sul tion
out c Grasre 4.t Additipnyefidextian W’tallﬁ)m dae] hallawsgrristalilization of the

t heoRjapleV¥|l RERRNISY 4 Péﬂodtchﬁ d%?§ edffé?ﬂlh%ﬁfﬂ%&lﬁtu% was discontinued.
dextran sul fate addition and their dependance on the

tining of TRIHEXRRIP §5 Alethes Hlupleation,oh the areast Bl cealligieath during the

bi ndidegth Phasevbdredextridh satste badiflbrVRIRE c@tlk®Cr | ne
factors, in a nmanner simlar to the binding of

pent osan pol ysul fate to hepgxiapHle¥i ng gr owt h
factors (Zugneier et al., 1992). W propose that

dextran slHid etamnpie sltsw the effectef afliding dexrami sulfatel dn day 0. The
Eeﬁggff&t %k 95'5%% a%Pdﬁ%'n%’f dg\)'g}a(r:\hsu gt%%raey UQ&\{, Jé%%pangg Ehe effect
seen in this experiment with the effects seen in other experiments in which
addition of dexiran sulfate was delayed.
Two repeat 5L bioreactors were inoculated with 0.2 x 108 cells/mL of
L104EA29YIg-producing cells, and dextran sulfate was added to a concentration
of 50 mg/L on the same day as the inoculation {day 0).
The viability, viable cell density, and totai cell density profiles are presented
in Figure 15. Neither culture achieved a higher celi density than cultures devoid
of dextran sulfate (Compare Figures 11 and 15). The cells entered the death

phase on day 7 or 8, as opposed to day 11 when dextran sulfate is added on day
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cell surface heparan sul fate proteoglycans. As a
result, the dextran sufate-bound factors fail to
concentrate at the cell surface, which greatly reduces
the probability of their binding to their receptors.
The net effect is that these factors do no | onger
exercise their normal action on the cells. In the very
first few days after inoculation, the cells produce
certain growth factors, whose function is to signa
cell growmth. Dextran sulfate added on day O

| 11 egqesinphes LﬂéisSﬁ Qna HSS Thé RFH4E S RAdg ilt'é%/ob'%élﬁed on day 14 of
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t h s ve.entere .

P Tegfirs i ModdSnd 8 il elcbftbufidte, Sloll BhodrEa oS MeCfropabitty

whenofdbeit lbmding tcathamgcémcntso'ﬂsse awtaffedi is it debsbyfaderstdoar longer

:SU| f ‘?c;{éfmsfml:@ Igcmd gﬁv?pth%sﬂ/elr\?g?t t%&v Oagxé/a %ﬂgr |Eliocuiat|on

ture hver<er Xtran
. day tbe cellanrotiues Mamcgrowthgamxsh whbsectuoctinn is & sgnallcell growth.

ek S 58 A0 S LB Ui R, B g
ol gradieeed. Bindiog obsiediasi syﬁaf@fto these feptomtdoep hawevermet greatly

del f;

o e SasFbu 68 fadSabod, BoLu Bl B iAo o

( Ex dfpirendby)ingraasingarewttelagiy pepsivetinny, Laier duning the me phase,
whergofeXbh 6ﬂgr§W(I-f @t®rd t,seaségI deﬁ'ﬂ tRd célléestsﬁ'f‘ﬁrgeﬁﬁﬁﬁ ﬁutocrme factors

rovvtthhase The arrest of rowt h e  onset

of P difprantiyren whage effeqtat @ bmgoegentwslp Isdasignalithgient of the
dextdreRthPhabe hid fa dﬁ%t & cell dgétﬂ”?ﬁéaseefabt%rslﬁﬁﬁghh%% ﬁ&ﬂ a low

to result from nechanisns different frominduction
dextGPaFeTYAtien PR day AR ﬁ@'%‘tﬁ%ﬁ?ﬂtﬁ%‘m Bhe faterdimepdd dhad IF'§"n these

t he fgetbausifobRIVdfigrifihlel cellb & sibp' bFdwiiy Snd 1 drbst thE dtaumary and
foll ow n }’%ﬁ@s% of growm h may be "accountabl e

f
t he tasge fﬁpﬁgﬁ?aﬂjét dextrap sulfate preferentlally blnds to these
death-signaling factors, thus disabling their signaling function and allowing an

exiension of the growth phase. Continuous induction by these factors appears to
be needed for cell death to proceed, with the result that cells that have entered the
death phase can be reset into a stationary phase when death-signalling factors are
disabled by dextran sulfate (Examples 9 and 10), even as late as on day 14 in
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cul tures. EXAMPLE 12 This Exanpl e conpares the effect
of addition of dextran sulfate at three different
times during the initial growh phase. Cultures of
L104EA29Y/ g- produci ng cells were inocul ated at 106
cells/nm in 5-L bioreactors. Dextran sulfate was
added to the cultures to a concentration of 50 ng/L
at different times. In one culture, dextran sulfate
was added on day 3, in another on day 4, and in a
third on day 5. The viability and viable cell density
viable cel |

profiles are reggrted in Fl%éarre 16. ng

densi {YtaE- Eanvassely, deyiiangultaigadded opiday Dethahhag houngita growth
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phas&ultyreeferring to the growth phase that woul d have
been observed in the absence of any dextran sulfate
addition). Earlier addition c&XAMPEE42t he growt h

phase butTyg \E'xamB@ cBf Pan%? ol?c—?ef?écf( SF%chﬁﬁggif( td?%tﬁaw duifale™ three

the viable cell densi oW n
sul fé’t@f?maﬁ@édm@i&‘éﬁwwlgm ﬁhéﬁﬂ&ase wher eas | at er

addi tion €gurédsr ﬂTb@Eﬁ@ﬁi&pr&@ﬂ@iﬁSkeWg wére éﬁmaké.dza‘:rl 10PRells/mL in

viabl e cell density but nay rOVI

subs PAnRIPEgRCtors, §réswfatevwaﬁaede;deqou eielirasyto pseamcentration of

Exaan @5/0 adiflerd) imeC %Qbﬁlé B&Hu&‘e déﬁtr&k"é’ulfjafe \ﬁas Adde&f orPliay 3, in
btalndvvlt cégﬁs dextran sul fate

add| gp@Her% ye%@“ in A furd oy of 2.6 g/L were
obt ai ned met\hatsilayar&i A5DIE 3¥ll derfdfty bfoRlds Bivd Febbﬁe@ﬁﬂt.gﬁmﬁ High
and a '%5%']21 g 8;‘3?3[’5/9 /vaasobtalne Wit h
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mol a(daya®, 4@ S)W:Uﬂhé eameﬁacﬁ:lmdﬁs Qdlayemnsr 4o ﬁﬁ%ﬁ@feht ¥ eMine in the

int eblruni nt | 3 Fqﬂ%e FPF “%f't p.at hi g‘?ﬂ

U t el BB PR ARl [ riaiehalaing PhgRs (7 gpntrast, day 5

sul f additicnostattilized teaviablevcbihdensitp Hfda?ﬁfollbﬁh‘\ghhéJQthh phase. At

sial %(fl’ngtp'ofr)tps past 250 h, the viable cell density in the day 5 dextran sulfate addition
culture was always higher or equal (within measuring error) than in the day 4
dextran sulfate addition culture, and the viable cell density in the day 4 dextran
sulfate addition culture was always higher or equal (within measuring error) than in
the day 3 dextran sulfate addition culture. Thus, it appears from this example that
the optimal time for dextran sulfate addition is at the end of the initial growth phase
(referring to the growth phase that would have been observed in the absence of
any dextran sulfate addition). Earlier addition can extend the growth phase but will
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EXAMPLE 13 This exanpl e shows the effect of one and
two tenperature shifts in a culture producing
L104EA29YI g. The culture is also subject to del ayed
addition of dextran sulfate. 5L reactors were

i nnocul ated at a density of 200,000 cells/nL. Two,

one, or no T-shifts were applied. For one tenperature
shifts, the tenperature is shifted from37C to 34C on
day 6. For two tenperature shifts, the tenperature is
shifted from37C to 34C on day 6, and from 34C to 32C
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one T-shi f: ¥t PGF%TTSE"f@lwelayphqw ermnqtgrmmturemhtfusethe
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DL st sl Rom "6 4c o Aes 6cand ars 4IC to 32°C on day
cul 16ur bn dlli° MSM@E&M@’W% addsll ska¥ay .5Thd tho T-shift case is the
Con&velﬂ%%eo??tt%erfxlrs gg ‘réggture shift is beneficia
i ndépe ttpedpng pad s Viziipoeare showp witlihareas
t he benéfiatile obli ddaity erbilic, haﬂmwrawfe@oabuidﬁ?@aﬂd?d 8, and 14

on :‘e@ﬁeéﬂ%lﬁ”de‘j harvest tinme and the viabili
requirenents for effective

The results show the benefits of applying at least one temperature shift. in
the case where the temperature is maintained at 37°C throughout the run, the
culture enters the death phase on day 10, and the decreass in viable cell density
and viability is steep. As a result, there is a clear decrease in L104EA29YIg
volumetric productivity after 12 days in culture. For culture times of 14 days and
longer, it is clear that cultures that have one or two temperature shifts will
outperform the constant temperature culture in terms of titer.

In the case where only one temperature shift is implemented (on day 6, to
34°C), a steep decrease in viable cell density and viability is observed after day
16. The culture where a second temperature shit (on day 10, to 32°C) is

94



downst ream processi ng. The absence of a second
tenperature shift will allowto reach at higher
product titer until day 20, but for cultures that are
run for longer than 20 days, the run with two
tenperature shifts will outperformthe run with one
tenperature shift in terns of titer. In addition, it
nmust be considered harvests past day 12 will contain
hi gher amount of cell |ysis products in the case of
one T-shift than in the case of two T-shifts, which
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process, f or roducti on of

gl yc F!ﬁe&%“eaeg iprigkle pefl depsity. opsanvadraftenday 12 il the case of the
whi ohe Frabiiuigrefiia cae b@ R oRaéh 16 pHe QR Qheﬁh;f‘ aSfth E&Pe%[)gﬁémg cell
in ag&hn?ult re u % conditions th ?

pr ot éi n rr8 qace 1"294 eéHBQ’BPtaPE%&iQH@CQ’Y{@@equS@kM that can
D- gdk@easesmoditt silatiphocess according to claim 1,

wherein the feeding occurs on a daily basis. 3. The
process according to claim1l, wherein the feeding

OCCUT'S  SfheZontents of all issued and granted patents, patent applications,
published PCT and U.S. appiiéations, articles, books, references, reference and
instruction manuals, and abstracts as referenced or cited herein are hereby
incorporated by reference in their entireties to more fully describe the state of the
art to which the invention pertains.

As various changes can be made in the above-described subject matter
without departing from the scope and spirit of'the present invention, it is intended
that all subject matter contained in the above description, or defined in the
appended claims, be interpreted as descriptive and illustrative of the present

invention.. Many modifications and variations of the present invention are possible
in light of the above teachings.



conti nuous basis. 4. The process according to claim1,
wherein the feeding occurs nore than one tine per
day. 5. The process according to claim1, wherein the
interval between feedings is greater than 24 hours.
6. The process according to claim1, wherein
D-galactose is fed to the cells in feeding nedium 7.
WHATISCleAMEBdS: di ng to claim 6, wherein the feeding
medi um contains D-gal actose in an anount of about 1
to 50g/L. 8. The process according to claim7, wherein
1t he Regdll AGtUFB Profassomr ahé prodidiah astt £ $scanbifantegoabrotein,
of about 3 to 25 g/L. 96 9. The process according to
cl ai APMPHYNGr ei n D-gal actose is sustained or
mai ntained in the cell culture at a concentration of
about 0.1 to 10g/L. 10. The process according to
cl ai g) lultuhieg ehostt detiscehich preiutenaatdcombtedntsglycdgrotein of

The praqcess according to clajm 10, wherein th \
marmal BieresS| IS Call SUie cdes. conditions. At alaw for protein
accor di ol atml, wherein the cell culture is a

| ar ge éggF@&K%Q?PHLuIture. 13. The process according

to claim12, wherein the large scale cell culture is
greater, than ébou 59 E% 14. The process according to

cl ai M feedingtae gells with Dsp1861088- t he produced protein

is increased. 15. The process according to claim1,
wherein the reconbi nant glycoprotein of interest is a |
2so0l ubhe poreess asgoeding 4o cledm iwhereinctbeJeedipgraictes oo a daily
cIaiE%%g, wherein the soluble CTLA4 nolecule is a

CTLA: sion protein conprising the amno acid

sequence beginning with nethionine at position +1 or

al anine at position -1 and £ ending at{ aspartic acid at
3posi TherPresass aceaslipg ita clgim |1p wierein they feedipg PEEL N -2
accofdi im16, wherein the soluble CTLA4

f usi éﬁ“‘*"’%‘%’?é’?%%rs a CTLA41g.

4, The process according to claim 1, wherein the feeding occurs more than
one time per day.

5. The process according to claim 1, wherein the interval between

feedings is greater than 24 hours.

6. The process according to claim 1, wherein D-galactose is fed to the cells
in feeding medium.

7. The process according to claim 6, wherein the feeding medium
contains D-galactose in an amount of about 1 to 50g/L.

8. The process according to claim 7, wherein the feeding medium contains
D-galactose in an amount of about 3 to 25 g/L.
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97 18. The process according to claim17, wherein the
sol ubl e CTLA4 fusion protein is CTLA41lg conprising
amno acids -1 to 357 or +1 to 357 as shown in SEQID
NO 2. 19. The process according to claim15, wherein
the soluble CTLA4 nolecule is a soluble CILA4 nutant
nol ecul e conprising the amno acid sequence begi nni ng
with methionine at position +1 or alanine at position

-1 angd ending at aspartic.acid .at position.12 .
9 hovd 1P BB AEORING, B TilaR} odes iRl o DifBiagtose s
cl ai gustlinedtRaintdime mothe et cUltlrYat darobmesntiatioaoflatout 0.1
is L104EA29Yl g conprising amno acids -1 to 357 or +1

to 387188.shown in SEQ ID NO 4. 21. A cell culture
process for the production of a soluble CTLA4

nol ecul e, conprising: a) culturing CHO cells which
10y 0dThe procesisidvcordiig-tviclaimh ¢ cwheraimtheetdlls areintammalian cells.
under conditions that allow for protein production;

and b) feeding the cells with feeding nedi um

ont g Qi a . el p c j i
1731 The) PleSsRCadtadng: to daim) 0, DFAGRAT e St cels
cel | areaCHO cellsper at ure at or near 37C under

conditions and for a tine period that allow for cell

growm h; d) then culturing the cells at a second
12 eMPFhaipib@satacebrdiifo d4fm 12RAerein the'8éll Quliurd'id AtargBecale
cells at a third tenperature at or near 32C. 23. The
proceelkcEde®drding to claim 1, further conprising: 98

c) addi ng pol yani onic conmpound to the cell culture at
atime after innoculation. 24. The process according
180 ciTheIprécessiatcofding ¢ ol Si2n ghefgin aldel large sobieassliauitare is
conmpound to the cell culture at a tine after

i nnogtgaler than about $Qd..pr ocess according to clai m 21,
further conprising: c¢) culturing the CHO cells at a
tenperature at or near 37C under conditions and for a
14 neTherprodesshatcadingwtd olaimel,| wheraint isialydatiorubf thé pgoduced
t he %second tenperature at or near 34C

cells at
protein is increase
15. The process according to claim 1, wherein the recombinant
glycoprotein of interest is a soluble CTLA4 molecule.

16. The process according to claim 15, wherein the soluble CTLA4
molecule is a CTLA4 fusion protein comprising the aminc acid sequence
beginning with methionine at position +1 or alanine at position -1 and
ending at aspartic acid at position 124 as shown in SEQ ID NO. 2.

17.  The process according to claim 16, wherein the soluble CTLA4 fusion
protein is a CTLA4lg.
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starting at about day 6 of the culture; and e)
culturing the CHO cells at a third tenperature at or
near 32C starting at about day 10 of the culture. 26.
The process according to claim21, further conprising:
c) addi ng pol yanionic conmpound to the cell culture at
a tinme after innoculation. 27. The process according
18.0 cThe rpraéessf acedrdingctonglains i 17y :whereiadthengplpbley@hLA4i fusion

compou culLture at a tine, af

" noBiisine £ g coniansg Gelloe Sads i B cor v th 357 as
furtgq%wﬁﬁ-ngrz-c?m.cpgrl fy| ng the reconbi nant

gl ycoprotein of interest. 29. The cell culture process

of claim?21, wherein the soluble CTLA4 nol ecul e

1§ Rudcdte "B, oS SAHALS, NGALAM ' lpe ,cTLM

and etbddide Ria 86lipBlet CTLAS indutaht mpletuld mmﬂaﬁéingxh@ amino acid
in SEQID NO 2 joined to an i nmunogl obulin

Con'pﬁ‘?@imemqwmwthdﬁﬁt@%n% 6FrﬁPﬂ§°" Wﬂéi'"eﬁlﬂ“'ne 3{ position
D- gal t .
culrUFENEBAding at SKBorl A ApdSRidh 45 shelyh PSER) ID NO:4.
wher ei n the cell culture is at least 500 liters. 30.

[t f cl 21, wh t
2ot uifie’ ecess AERB(RG teoRAMadS, (Yot rgeacpliible CTLAG
Seq“ﬁﬂﬁﬁntbﬁ&le&@lbﬁ@ meﬁwgl QMpHSIng? arrmﬁaé.ug 01 telssr or +1

al anine at position - ndi ng at” aspartic acid
posi ta 35V agshawndmBiA) INNSE®. 1 D NO 2 joined to an

i mmunogl obulin noiety conprising hinge, CH2 and CH3
domai ns, wherein the cells are fed daily with a

2¥0l URe o feRRdieN Jpriedis! Mok Nate | prodluctiesbf 180 @bluble CTLA4
culture volune and the feeding nedi um contains

Dgal‘@i&%‘!}% gompisingiount of 3 to 25 g/L, wherein the
cell culture is at least 500 liters, and wherein the
cell culture has an initial seeding density. 31. The
cel | afwWutturieg OHO &iis athich produle,a sbleblel GTLAd melekule in cell

culture contains a glucose | evel maintaine 3
o Theuliar odincanDitions dealslon for Rrote BaerodHalan: #ehe
glucose level in the cell culture is maintained at 3

g/L and the volune of the feeding nedium
b) feeding the cells with feeding medium containing D-galactose.

22.  The process according to claim 1, further comprising:

¢) culturing the host cells at a temperature at or near 37°C under
conditions and for a time period that allow for cell growth;

d) then culturing the cells at a second temperature at or near 34°C; and
e) then culturing the cells at a third temperature at or near 32°C.

23. The process according to claim 1, further comprising:
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fed to the cells is calculated to bring the glucose

level to 3 g/L. 33. The cell culture process of claim

30, wherein the initial seeding density of the cel
culture is from 150,000 to 200, 000 vi able cells/niL.

100 34. The cell culture process of claim?29, wherein
sialylation of the soluble CTLA4 nolecule is

i ncreased conpared to sialylation in a culture w thout
such feeding. 35. .The cell culture prarcess of _claim

0. FLAdktS AglEniae oo 18- FaGbah Sllg o114 e after
a tenpgrrddififiopt or near 37C under conditions and for

atime period that allow for cell growh; b) culturing
the CHO cells at a second tenperature at or near 34C

28,11 TP Resd eyl 1olim 22 ! gL o0 o

near 32C starting at about day 10 of the culture. 36.
The cell culture process of claim 35, fumer .

conph)i 8ddiggpneiyapiopls crREPosaduin dheteels cChtviec gt time after
The Celill‘ln&lltleﬁle\e process of claim35, wherein the

glucose lTevel I's mintained at 3 g/L and wherein the
initial seeding density of the cell ~culture is from

50, 000 to 200, 000, vi able cells/pl. 38. .The cell
201 UPE Pesss 2isoaring P oot of Tiereomarisng: 51 a4

35, 37, 51, 52, and 53 wherein the soluble CTLA4

nol ecul e conprises an am no acid sequence begi nnin

wi t he)rendtuong tbeaCHEb sells @t a tempesatare @ en nepbéi?t’gounder

sto 1 b s ag'réeh Bneperketihet Albw il 21 PRI, 1,
30, wherein the soluble CTLA4 nolecule is a CTLA4lg
fusion protein egressed by a cell deposited with the

ATOC hirftuining doe AeldE)s sellsn algl esgand tergperaure aloor mear 34°C
cel | CLgté'“hga?é%@s%a@rfﬁr@ﬂ'fa%' Eymjer ein the sol uble

CTLA4 "nol'e usi’on protei n encoded by
DNA deposited with the ATCC under ATCC Accession No.

68629, 41. .Th t f claim?21 :
wher &} rpLQItHgng; gpqing % qgéitra(le t ||rdot%g1$pser§turé: afor néar 32°C starting

at about day 10 of the culture.
26. The process according to claim 21, further comprising:

¢} adding polyanionic compound to the cell culture at a time after
innoculation.

27.  The process according to claim 25, further comprising:

f) adding polyanionic compound to the cell cuiture at a time after

innoculation.
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nol ecul e is a soluble CTLA4 nutant nol ecul e that
conprises the amno acid sequence beginning wth
net hi oni ne at position +1 or alanine at position -1
and ending at aspartic acid at position 124 as shown
in SEQ IDNO 4 joined to an inmunogl obulin noiety
conprising hinge, CH2 and CH3 domains, wherein

28 galThet poeess acosrdingetd alaimaiintfarthed domprising giurifying the

ncentrati 0.1to 10 g/L, and

culture at. a c i on, of
vvher@WW%@a%@YC%P?mgﬁntegeStat | east 500 liters. 42.
The cell culture process of claim2l, wherein the

sol uble CTLA4 nolecule is a sol uble CTLA4 nut ant

2801 edbpecelhultypamnmsess tafeclgimndl, ahaieivefirriiuble CTLA4

beai nni . or. ol aai '
poqi [ chihaTEhaRE R idagd 8pbhedcs fealfhisB i ffstfibnine
124 ap plebigml‘i_-ih oPERNih® dﬂ@qsﬁidmlhh_eddt@démgz at a&spag:_cB acid at
i mrunogl obul in nmoi ety conprisin inge, an ,
donaPRSTIONHZAeRR ShWICEl PEGHIE Ny 2d§m9§ﬂ A 2R Eggegigbulin
of f i i . t~i .0, .
Vot u) SorRieiihie CHE d CA3Homails WndrBfh Bitidetisse is
an aswvstainedforanaiotdifed in thercklivduituee at a lvencemtrationudfi ud do 10
is at ,least 500 . literg. 43. .The cel ture process

of cBlk AnS wiiatRy e el nuitiis 5 1t BAG MR ccl o e a

sol ubl e CTLA4 nutant nol ecul e that conprises the am no
acid_sequence beginning with nethionine at position +1
38r allhei pell ssultuppsprocess -of glaimeRti whekginh the goluble CTLA4

Co Mo sorbhars e amiRy ety shonefcn, brotiog Wi biifignine
CH3 dppbkition ©f ordhe dthsositinubl anfTémiingmeit espartic acid at

conprises the am no acjd_sequence beginning with ,
met hPesitior 124 agshoppsing SER 1D Nfp: 4l iginedetosan deenynagiobulin

-1 . ' ] t ; F 4
 houf 9L ing FRgel 25 Ol AR Yndeh B cols ar
moi efed dailyowitls iangplbmeosf, feEtihgameddiOns thix rimiah tsasii186 ef culture

the cells ar fed nore than one. ti er, day with

f codVAYTRBNY e feROiN,meILE cpntaing Hradleagioss nan aeHt of 3
of 3id 95 Il_%lheréiﬁ‘%é"’ﬁéméwmrbh& ot fedst BOOLIHER, ahdabherein the
| east 50 Iters. 44. The cell culture process of

cl ai geliguituck dasiam ipitial seelingdensityt he sol uble CTLA4

nmut ant nol ecul e i s increased conpared to sialylation

in a culture

31. The cell culture process of clam 29, wherein the cell
culture contains a glucose level maintained at 3 g/L.

32. The cell culture process of claim 30, wherein the glucose level in the
cell culture is maintained at 3 g/L and the volume of the feeding medium

fed to the cells is calculated to bring the glucose level to 3 g/L.

33. The cell culture process of claim 30, wherein the initial seeding density
of the cell culture is from 150,000 to 200,000 viable cells/mL.
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wi t hout such feeding. 45. The cell culture process of
claim4l, further conprising adding dextran sulfate
to the cell culture at a tinme after inoculation. 46.
The cell culture process of claim45, further
conprising purifying the soluble CTLA4 nutant
nmol ecul e. 47. The cell culture process of any one of
34 ai The 4&ll afturelprocess GfAclaion 295 whersier sialylative efothebs@uble

Cogr TR PR RO RE S GoBht ASHielvzb g HER ity ihout
pOSiI;lh&ﬂfeed%%d ending at |ysine at position 357 as

shown SEQ I D 4. 48. The cell culture process of
claim42, wherein the soluble CTLA4 nutant nolecule

3o, “THEYEH siliud el PotTe, BFABEcApMng 0 4

wherein the feeding mnediumcontains D gal actose in an

anmount of about 12.5 g/lL. 50. The cell culture pr Ss
of cPhicwtgring {hereHY Osls &) ademperature b U Dpef 37°C Under

compri Shdltfis BBy 4%inte RERPHER RN FA UL
met hi onine at ~ positiron +1 or alanine at position -
and ending at aspartic acid at 103 position 124 as

hown, i n. S L ~2_j0i ned ' | obuyl | o
oi <) U e EhpreuR BFS SRSt ASTIRARS A, AL neer, 34
the celdisting @t absat 4y 6f e Euluryandre of feeding

mediumthat™is at |ledast 1% of culture volunme and the
feedi ng nedi um cont ai ns D-gal actose in an anount of

12.5_g/ ej e [ :
111 b, i BHO Baliata fitd Mirberdtufl ol Gfioar ' starting
seedi ngatddast 8y 10 bf theheuleed! culture process of claim
30, wherein the cell culture contains a glucose |evel

mai ntained at 3 g/L. 52. The cell culture process of

| ai 0} LN S| |t L ; :
3ot ednpecelh e rbedsy o A, 35, e bibReing pdfying the
cul t solablei ChoAd maleollef eedi ng. 53. The cell culture
process of claim 30, further conprising: a) culturing

the CHO cells at a tenperature at or near 37C under
3gondir bog@ ufe 'précdssTBf REAiP 35, Neferdin WMef Glucese llevel is
gr owm h; culturing the CHO cells at a second

t enmpevaintainedaat 3rg/heand sderein the initial seeding density of the cell

culture is from 150,000 to 200,000 viable cells/mL.

1

38. The cell culture process of any one of claims 29, 30, 31, 34, 35, 37, 51,
52, and 53 wherein the soluble CTLA4 molecule comprises an amino
acid sequence beginning with methionine at position +1 or alanine at
position -1 and ending at lysine at position 357 as shown in SEQ ID NO:
2.

39.  The cell culture process of claim 30, wherein the soluble CTLA4 molecule
is a CTLAdIg fusion protein expressed by a cell deposited with the
ATCC under ATCC Accession No.CRL-10762. '
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starting at about day 6 of the culture; and c)
culturing the CHO cells at a third tenperature at or
near 32C starting at about day 10 of the culture. 54.

The
si al

cell culture process of claimd42, wherein
ylation of the soluble CTLA4 nutant nol ecule is

i ncreased conpared to sialylation in a culture
wi t hout such feeding. 55. The cell culture process of

ﬁl ai

41.

42.

43.

her co r|S|n addj ng xt.rag sulf
& ctell G, et 907 Wi The Pl CTLAS
molecule is a CTLA4lg fusmn proteln encoded by DNA deposited with the
ATCC under ATCC Accession No. 68629.

The cell culture process of claim 21, wherein the soluble CTLA4
molecule is a soluble CTLA4 mutant molecule that comprises the amino
acid sequence beginning with methionine at position +1 or alanine at
position -1 and ending at aspartic acid at position 124 as shown in SEQ
ID NO: 4 joined to an immunoglobulin moiety comprising hinge, CH2 and
CH3 domains, wherein D-galactose is sustained or maintained in the cell
culture at a concentration of 0.1 to 10 g/L, and wherein the cell culture, is
at least 500 liters.

The cell culture process of claim 21, wherein the soluble CTLA4
molecule is a soluble CTLA4 mutant molecule that comprises the amino
acid sequence beginning with methionine at pos'ition +1 or alanine at
position -1 and ending at aspartic acid at position 124 as shown in SEQ
ID NO: 4 joined to an immunoglobulin moiety comprising hinge, CH2 and
CH3 domains, wherein the cells are fed daily with a volume of feeding
medium that is at least 1 % of the culture volume and the feeding medium
contains D-galactose in an amount of 3 to 25g/L, and wherein the cell
culture is at least 500 liters.

The cell culture process of claim 21, wherein the soluble CTLA4
molecule is a soluble CTLLA4 mutant molecule that comprises the amino
acid sequence beginning with methionine at position +1 or alanine at
position -1 and ending with aspartic acid at position 124 as shown in
SEQ ID NO: 4 joined to an immunoglobulin moiety comprising hinge,
CH2 and CH3 domains, or wherein the soluble CTLA4 molecule
comprises the amino acid sequence beginning with methionine at
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44,

45.

46,

47.

48.

49,

50.

position +1 or alanine at position -1 and ending at aspartic acid at
position 124 as shown in SEQ 1D NO: 2 joined to an immunogiobulin
moiety comprising hinge, CH2 and CH3 domains, wherein the cells are
fed more than one time per day with feeding medium that contains D-
galactose in an amount of 3 to 25 g/L, and wherein the cell culture is at
least 500 liters.

The cell culture process of claim 41, wherein sialylation of the soluble
CTLA4 mutant molecule is increased compared to sialylation in a culture
without such feeding.

The cell culture process of claim 41, further comprising adding dextran
sulfate to the cell culture at a time after inoculation.

The cell culture process of claim 45, further comprising purifying the
soluble CTLA4 mutant molecule.

The cell cuiture process of any one of claims 41, 42, 44, 45, 54, or 55,
wherein the soluble CTLA4 molecule comprises an amino acid
sequence beginning with methionine at position +1 or alanine at position
-1 and ending at lysine at position 357 as shown SEQ ID NO: 4.

The cell culture process of claim 42, wherein the soluble CTLA4 mutant
molecule is encoded by DNA having ATCC Accession No. PTA-2104.

The process according to claim 6, 30, 42 or 43, wherein the feeding
medium contains D-galactose in an amount of about 12.5 g/l..

The cell culture process of claim 21, wherein the soluble CTLA4 molecule
comprises the amino acid sequence beginning with methionine at
position +1 or alanine at position -1 and ending at aspartic acid at
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51.

52.

53.

55.

position 124 as shown in SEQ ID NO: 2 joined to an immunoglobulin
moiety comprising hinge, CHZ and CH3 domains, wherein the cells are
fed daily with a volume of feeding medium that is at least 1% of culture
volume and the feeding medium contains D-galactose in an amount of
12.5 g/L, wherein the cell culture is at least 500 liters, and wherein the

cell cuiture has an initial seeding density.

The celt culture process of claim 30, wherein the cell culture contains a
glucose level maintained at 3 g/L.

The cell culture process of claim 30, wherein sialylation of the soluble
CTLA4 molecule is increased compared to sialylation in a culture without
such feeding.

The cell culture process of claim 30, further comprising:

a) culturing the CHO celis at a temperature at or near 37°C under
conditions and for a time period that allow for cell growth;

b} culturing the CHO cells at a second temperature at or near 34°C
starting at about day 6 of the cuiture; and

c) culturing the CHO celis at a third temperature at or near 32°C starting
at about day 10 of the culture.

The cell culture process of claim 42, wherein sialylation of the soluble
CTLA4 mutant molecule is increased compared to sialylation in a culture
without such feeding.

The cell culture process of claim 42, further comprising adding dextran
sulfate to the cell culture at a time after inoculation.
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