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Enhancenent in Manmalian Cell Culture Processes for
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The present invention relates to new nethods and

processes for culturing mammualian cells which produce
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content. Performance of the cell culturing nethods

and processes in their various aspects result in a

high quantity and quality of product, as neasured by
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of a glycoprotein, including absorption, solu
glyepriotains aftest pratgin fuaetion, maiwell as the intremcleadarf interattiens

between different regions of a protein. Such intramolecular interactions are

involved in protein conformation and tertiary structure of the glycoprotein. (See,
e.g., A. Wittwer et al., 1990, Biochemistry, 29:4175-4180; Haﬁ, 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 particular 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., 1998, J. Clin. Invest.,
91:1157-1166; K.E. Norgard et al., 1993, Proc. Natl. Acad. Sci. USA, 90:1068-
1072; and Y. Imai et al., 1993, Nature, 361-555-557),



serum as well as its physical and chem cal
structure/ behavior and its inmunogenicity. (A. Varki,
wa208/05€d4ycobi ol ogy, 3:97-100; R B. Parekh, | dPCT/US2003/040939
Goochee et al., 1d., J. Paulson et al., 1989, TIBS,
14:272-276; and A. Kobata, 1992, Eur. J. Biochem,
209:483-501; E.Q Lawson et al., 1983, Arch. Bi ochem
Bi ophys., 220:572-575; and E. Tsuda et al., 1990, Eur.
J. Biochem, 188:405-411). In general, protein
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structure of a polypeptide product, with suallc acid content commonly used as a

measure of glycoprotein quality.

Run times of cell culture processes, particularly 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 concerns also offer a motivation for

minimizing decreases in viable cell density and maintaining high cell viability, as
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anot her notivation for mnimzing decreases in viable

cell density and maintaining high cell viability. The
wones@iga4of cell debris and the contents of dead/usedoB®40939

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 longer period of time in culture, there is thus a
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m i ncrease day 3 viable cell density and
to %‘ﬂ%ﬁq FF?&/ relative to the control culture. The effect

of depér @é?aﬁ#étér%tiﬁvé%ﬁigﬁ%d’hﬁivﬁb(/bdst%%@Hﬁiondd*kjo'% H¥hts to the

death phase was however not reported. Suramn, ‘dextran
culgyrer Ahe gspwth igstopinhibitorssuraeie wasrshosirsio prepent apbptosis during

o Gl o R ECH e Esie e aEi bEfeetiefTofn 2000,
16,08 t:626) Hawayer, surahtn agendiepersta Rigafifh bpkgmss d@ing the death
suspensi on conditjons (e . S. Pat ent .

PSSR & 794 Rlamiavanaoratin i sxainiziag highyiabilty dwing the
L AT
autheparaporbihatifargh&GHO 14 - toRFLH| finst dextiarBsuiate and polyvinyl
sulfate could, similarly to suramin, increase day 3 viable cell density and viability
relative to the control culture. The effect of dextran sulfate or polyviny! sulfate
during the death phase was however not reported. Suramin, dextran sulfate and
polyvinyl 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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Raab and Kl agsbrun, Biochim Biophys. Acta 1997, 1333,
F179-F199). Cell surface heparan sulfate
wonoi@sgi4ycans (HSPG reportedly enhance HB- EGPCT/US2003/040939
bi ndi ng 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
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In all reported cases referring to the presence or supplementation 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 dextran 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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nmeasured sialic acid content of the oligosaccharide
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in Wﬁ}ﬂyﬁaﬁtibnﬁ#&) glespriotdin m@%&iﬁa%ltnmmﬁimameﬂ&m allarge scale
ManNac, _a specific precursor for sialic acid

egyrﬁ"ﬁ%@ir%ha'ig bincrease the availability of CWP-sialic
o1/ SEFTEA RIS ARIRANE R, M) YeBlosph ol Storiheled or
enBaoeeﬂbsmIM(cﬁ) ofedige@Bieins by indsrluchey intdeells in culture a nucleic
t at f It
ool AR Lo o B lmerasaien 3
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precursor for sialic acid synthesis, to increase the availability of CMP-sialic acid
and improve product sialylation.

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 ultimately the sialic acid content of the recombinantly produced human IFN-y'

glycoprotein in cultures of 20 mL scale. ManNAc supplementation involved an



initial addition of this conponent to the cultures

prior to sialylation analysis of the produced product
wahom@ros@®a4 hours of culture. WO 01/59089 A2 ( Geremtusedn3/o40939
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préﬁ\élﬂicﬁs QJBPgé‘qbé@télgé iP5 knBWARIHsHAHRIH th 1;1 |§}|\§(ﬁs§} a@%ﬁ{?aghway.

det erm ne I c acid content,
des |He{a@mtamhthe|m©e|dcgcb arotein pﬂmeiuatstthasajl‘a\mavechy ghidesylated

anpﬁjgmi(%lg%glﬁe rese bégq\)/rg\ﬁd ﬁgd%ﬁﬂﬁag Hf;%’ 5n(‘)|8§|§tg’r$csfor use
sﬁﬁé@ﬁé‘uﬂé@ttré&tﬁfeﬁwaﬁ(ﬂ QMWactﬁ@r T Hef &ofs éIF’NBB(JIeveIopment of
choprote| n products, by animal or mammualian cell

releahkt aeksuliurreproesssesihatieconnoicaly aad efficiently achieve an

GBS LR e bRRRRY Slo ety PR BFORBE B &lon tever o
produd weialilyy sdeiead idyeteh@irmd by siatc aeid coritéitp (gtills hethus esired
of a  new y-devel oped feeding strategy conprising the

angdqipadedd 'Tﬂ”tj’aﬁ‘ ctose to the culture. It is an

aspect of this invention to provide cell culture

processes for thegupaEYioPTHE INVENSIONPT oduct s,
preferably glyco m‘n‘p‘r‘mﬁmm‘n‘g—mr

preferably, reconbinant glycoprotein products, in
whi Jﬂﬂetmesentanventmr@mde@fnetvhprooglsye@bwrdhemﬁ@dm@lon of

t.he c urln ons and
oy BRI B oA bR Brddlcisi B EBEEab e e
prods, Ci?'ﬂéﬁlmal bhranmefign cell chlities2 0t e5itftire processes of this
. PCT/ US2003/ 040939
invention advantageously achieve an increased and enhanced 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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aspect of this invention, the sialic content of the
produced gl ycoproteins is increased and enhanced by
woOhersse4of a feeding nethod in which D gal act BeE/UIS2003/040939
added to the culture in a feed, preferably in a feed
medi um According to a particular and rel ated aspect
of this invention, D-galactose is supplied daily to
the cells during the entire culture period, |eading
to an increased D-gal actose content of the product
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intermttently, such as every other "day, every third

regpigr sealeriy alsuaeiewes:, and the |ike. Feeding medium
Comiﬁb,%' ﬁ]lgthgf g?ﬁ@cﬁto‘?ﬁ?e épé%epmgrﬁl/%ﬂﬁgn :tjrg’PHW ecglrﬁéjtrhga of

erre ng regr mens
lnoreaélugmas@wldit)orboﬂ glycdm'etbmﬂgrmucetﬂ‘m/ culuireid eem t 1|The method

mVOﬁ\f%th@'@?tkouwm%fwﬂéogégﬁr'@%f%ﬁ@ﬁ%%ﬁﬁ'@%ﬁb%@m tdach preferably to
a febHRg AS i%% SAn?E%?'a@ oG@I@stéecélg.ﬁJlttu?e & ss4bt Prdiein

atayotea ned I nterv smsorrevvay
preguationtinsi¢hgalacfoseds ngplmﬂ inthe/wiltnon fOif exdrnplg, every day, or

| act be f h | t '
SRR SR e e Haye e il o aahudtlifa dolfnfind the
lik®r FBedinlgafibaitth 6&tainiey IhetokB®afd a'dic%d fb N@tcﬁj’ltur% one or
a non-limting_exanple, the culture may be fed

mqre §iaespeisdaiandrefered feeping regimensdacingaiaudailyi bqéus feedmg of

th%@?%SW&%gg%ﬁ@g 88@%0%@@@%%%8&%8 B\ Mg §Finfusion of

feeding medium into the cell cultures. In other aspects, D-galactose can be fed to
the culture at any of the aforementioned intervals in some way other than in a
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.



In another of its aspects, the present invention

provides a cell culture process for increasing protein
wononosgdson and the sialic acid content of thePCT/US2003/040939

produced gl ycoprotein. The process further maintains

and sustains a high level of sialylation of the

produced protein, as well as cell viability. This

aspect of the invention enbraces an enbodi nent in

whi ch cul turing processes that involve two or nore

t enp@ aethes of Hisraspegis; thyprasent isvention pmwrd@s aeell sulture

B PR ByBATbHREH 1 e SEGE20 fer ot o

proeugErs glyoserosdinf Thegdrocess futiher AMiNRAss SMe basiirk éﬂhgjh level of

cell viability of the culture during the duration of
siglylatien of theepquceqfrpéom asrwelba® celbmgility. uT bissrspect of the

P bl L PR DL Bo B4 v e

orcmbrbttempgarawme shifsadurigigethe et @&ﬁedng beebd ansl ehipidyed, in
he desired product, as characterize by

COEJ%CP@XM*U cedifccie culirdiondh Dhoalagtass- dndnisaspect, the
| te E%g@sﬁﬁléeﬂrc%lltﬁ meYs a'[;'ou t@}l‘u}@ﬂ o\/?z%lﬂg o‘f"ﬂﬂne gulture

ree our mee or nore
dwmgéble mraionceﬂ theculliute apefhetlyo oo rrrme eelmpetdtuaa shlfts can also

a”B\é!ﬁei'a oRe rﬂ@(ﬂ&?nﬁ%f?a@&' ﬁgyé |p(1§(r)lg \qf ?Iﬁéif Elgk ‘advantageously

exPsRCBRSRAtudhgtrhh $o 'aBHi%Ué 'u%?eaé’ed?ﬂf@?'a%tmgﬁ q%v\}lhﬁ the desired
tenperature shifts and feeding of th

Presiypd) ag chskactgrizetdnaginlic acidaontand. téethads imulving such an
| t h
R L) RN TN IR T g T
(alopunts toye»@dd @.Ucﬂlrhbbe) edtabeel Nulﬁlr@%eglbmc@@hph@dwth a standard,
rodqgﬁﬂz%/ eceIIS|n culture. The netho
Ofg\ﬁ?w hautd @ ithfaysudivre pefiag Aétrlﬁwllé@rCPV'@Qﬂ’ byithe cell
cu|tGreV|5Vob8§§es°Bﬂ‘ﬁ'|’s APEREI Oé?rbﬂ‘?la%ﬁ e'ﬁ’{r?%]%hﬁg shifts and

-step tenperature pre era
feedmg |of meepeltse\nmle Dagalaetosk| ptederabiypini & fawgl M\adumn andneeferably

R O N T
anBi9@véled @@éﬁtit? dhar Lbéhtyaofgﬂléﬂ?lgigd)?l%é?pr%ié}ﬁ;ﬂﬁédﬁ\‘é@/ tRE cells in

nore (1. | eas t enperature hi

culigre. b q)m&tb@dr@okoailc@larly Iadvargtuagaphs ﬁmafed -hgftch bell cultures.

RSB Boheia® REEBRERAE in Bl JERE ef toBrature

shiftsepestakbyy, wintdd ﬁﬁﬂl‘-@?@pﬂ@hﬁie&‘aﬁu@@ ehm@wommﬁ@w 8r more
betvve;‘?the shlfts a high protein yield with
dowgmasdiemreraivignshiftalare US&@‘N@I the AbBUHINHST mn@ra@lm eglls to

praRe® He&?&ﬁgﬁdt? oaﬁcta Qhﬁ\ﬁ%ﬁp{égm{@%l’em uct, Two or

tenperature SI n
mararﬁl acht kast tvod) Hem@natqaalshlfts, whitth rEpbe ptarfcwmenlraﬁe?lthe
vi abi y for th

t. |
oS Sng culufd G ARHRIe HRCoRe% erbl atpash Phina vention.
Wib&eCA1AEESt tWol iRl PERRIAL Pffe by Wit Sbbrosdmately 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 cell

8



WO 2004/ 058944 PCT/ US2003/ 040939 culture processes as

described herein is the feeding of the cultures wth
wOomaksat ose, preferably with feedi ng nedi um PCT/US2003/040939

suppl enented to contain D-gal actose. Most preferred

is a daily feeding reginen. According to the

tenperature shift cell culturing nethods of this

i nvention, the conbination of a second, third,

fourth, or further downward shift in tenperature wth
cuiufe processamas deacrachheneinisl tbedeeding of the cultures evitht B-

oot el i teristi g oFPmaRle i ontain B-galactose.
Mt phlefeiicans ardiaRdeddingn@gifeh the titer of the
protein product "is increased and product quality, as

char@epedting tatheytesparaturashit edlhewiwingreatiiods diitigis invention,
o4 BB A, PhodRE it 80 S en bR SAR i fermperatre

withr @fisst adrhperdilie stentblloRs thié ol eulReeb 26 subgiP aigidedll Pibility
this invention, the feeding of a cell culture duri n?
ion

ang prawdesnipransemgodnertfidhainveation; for an extenrged pepduc
nad . . . _
orBbSek i S ey EIfe prophio Rt 138 and procuct vty
aslbhgedcietizexbby simtibiagicesortegt) remairisi Kigh andl theadrid yf e culture
rotein product, as measured by sialylation of the
u'Sroduced product. For a culture run conprising two or

nor @ &L eIRe réh ﬁg_‘;ﬂse% b ref’ezrs\';t‘\d@mé’ ?@{eﬁ?ﬁﬁg&%ﬁ% u@||Ern'5‘l‘¢=3$ably, the

i nvention, feeding the cel
engtnetiune pgridd gl saptovistedday thigginveetiqn, ddedeéding ofim dedicculture
d uéﬁg é&%&%@ﬁ?&isﬁ%@ bé?e%%&?e}tu cﬁogﬁiﬁg’t qrgcgrmtzl E\%{R | 83%&%%ratu re shift,
withaD YRildcresk, preferatip viatres feedifig nieh b ptaifihgeMidalftose,

culture run can | ast fromas short as just Tafter the

achieyen figheapntily and asalif of (Freieire REadhich, asameasurest hysialylation of
| . E
ndPEROLE TRbT £ AR T Bat B ReRtor Bl R e

shifisi & sewlhyherdvedegl by tis invention | feedingrthe @allé agth feedimgasedium

short as just after he third (or the | ast) o )
coplaieg Brablgciaserdur i"e@{%‘ﬂﬁt&“ wpded ta inareased giale peid
o S . .
o e AP teint (587 T PG Jah it il Bolus feed
waseairhployad). bEhe ldnoth eflah @ntiee cdture runicapdastdbrofas short as just

anf % oo IAmbpralift SnistigibEme. Sl 7Y ePhLip as tong as
abb@s2®id 80 days| &anbrérbPok a EQithi@ it @ Sridify Bestolhoré)

30 days, or nore. The total culturing run can conprise
terpperatyrarshifis, tlaglengdih ofiicerliregun cangestdrameassstiart as just after

- Lmd £ WD - tur ' i
nTEE S O AP Bl B TRRIBI G ST 6 o
lonigrad aleduty28ai 30 dapedr atord.7 Thus) in duedrdante with ¢ Aeyhdds of the

t o apout  day F]S; from about day 6 to about dafy 10, the
present invention, cells can be culfured for a fotal run period of greater than 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 0 to about day 6; from about day 6 to about day 10, the

9



9 WO 2004/ 058944 PCT/ US2003/ 040939 culture

tenperature i s maintained at 34C, or near 34C, and
wonowoagpauwt day 10 onward, e.g., to about dayPprd#/usSe003/040939

28, to about day 14 to 18, or to the end of the

culture run, the culture tenperature is maintained at

32C, or near 32C. A three- step tenperature shift

cul ture procedure according to this invention

conprises the following nonlimting, exenplifyin
cufterentemparpiure és Madnipingdeati tpe panaae34%C; arshirow atmm aay 10

ortflth Ei S 2beR( Ty 436 Yo b E8EH} 14,7 SuiabBEng of the

cult@re i tisd ogtelirattedbSratare @aﬂaur@éiﬁed bE 82°C 28108 ard3P CLOA three-
to about day 14, the culture tenperature i s maintained

step tespieragire shifheulisre; prapedyredecarsbiug taikys me@nmmmpnses the

ofing UL SBHAABIAT IR e B8 el kO

contrioléaan87PGitor3R@r 37PC, freay d3PCo Abust &) PyiEaboRiday 6 to
the present cell culturln nmet hods conprising two or

abeyt gay dRptiedtuliue BmpeiR igimaintainesha %&.qrywem@m from
ab%f"l:l?}tr)loq al%ﬁf ﬁé 1Qrﬁ‘%uﬁl‘u?é‘térﬁper%‘ﬁw&gﬂgalh ined at §2°C or

benefi cial ‘not for culture Yuns h
near §2°Csamttandabmmdaayt14)nswé&i @.g., B.'b@lbld)u’[]dh)I 2)1 abday 304or

r cul ture runs which can
'°'T gEe¢ Fch%\‘? ’PFEOQ@'&HH& %i"ep%%%tt%ﬂeﬁﬁwe 'Slm%'ni%ﬂ@%ﬁt 30°C, or
ned¥patgon culturing runs are achi eved because the
nmet hods of this invention provide an extension of the
i ni thihals, empiayanerdrad the peesant oall phlgingmephadsecomprising two or

IR Sl T LA ER Y, add ek Pl mipgiyption s

acHryedbs bend#bial ndt@nleiortali@re RinseENMRYisharte0 e d.hétBAdard,
or nore tenperature shifts in the culture runin

duationedar: eakpythl O tei AbquiVidrlavsh, buiadse tpiauitte ars which can
enElHF’enFon br ﬂ'fangh Zéﬁblare 6{998'8& o‘?mnruﬂndSLfc‘?'i Ionééfe‘pb a{tl'b}ﬁ c%?f\[]rlng

be nui fntal ne sust ned
ruresbaret adillevietl bageusedha rhethaldsrafithit iimeentibnairovitie Zh éﬁeﬁ&on of
ared wth protein produc

) d
thepﬁ@ug? S%ﬁ%@ §P<? ctignmiess OérP;B‘PtSW m@qwst'@réﬁwéhagﬂm«sred cells
(théhhﬁlhl & staAdarHbdulih pRAREbALHE Ein ganr{etral LiaBORLdHs 6 to 14).

of its aspects, the present inventl provi des ce
Foe gkampte, bryarhploymgdmor thyeagogmess tﬁmperaitu revahifvs int theemilture

ruh ET BBl A ST R bRl T pualyd R rotging

prmmahuaaidl dellagabiftg w2 e ehefimtbirRdt AHESuSth PR ATEH hUbiaPElin time of
eri od, and additional downward tenperature shifts

abgic] (dfrdsyade adatal rup ieepirkautiddoAn d@NSeOpmqr@opommred
wntﬁgﬁmn‘?{)r&ufcﬂ% Hhd nrﬁjr8 liox lgalﬁffﬁpcﬁfltﬁ? & ?)Ii]d)flﬁg nb t§mperature

ure oweri e ‘carfie
shift or, at most, one temperature shift.

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 multi-step temperature shift runs, cells are cultured essentially as
described for a three step culturing period, and additional downward temperature
shifts are performed until 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

10



followng the third tenperature shift culture period,

in which the cell culture 10 WD 2004/ 058944
WOCH49S2A03/ 040939 tenperature is further shiPceastewseni0939

about 30C, to about 28C or 29C, preferably about 29C,

on or about days 15-19, preferably, day 18, fromthe

start of the <culture. Additional tenperature shifts

can be included in the cell culture nethod, wherein

the cells are maintained at a | ower tenperature, e.g.
tempe@turaisfiurthershiftest frontapewot 30°€, po abiost 281C an291C tpTeferably

abglf 28'Gupinpt ARa el eE TS: rieBirabfy Bt dBalBy Pestagiof dhe

cuftlird. hRd@inenaftekipRratuld §Iﬁ|'ft§93anﬂﬁi ineRhded ih YiRe Eéll kWiture method,
recovered, e.g., isolated and/or substanti al

WWeinfthed:ella@r@mImtemed airqslqwarrtgmpemtnreq@e@ K@B?G riel further

el bEEH BBty P AR B WS Biiip o tonger han 25.00
dagenvieallicasas, thephedh plodluesd byans icels af tk@mbf tHéW@UIturmg
present i nventi on provi des a process met hod) in

pefrMds treally; fﬁ%PVQrE@e@‘ Jofis@la d/PéSlébﬁialm%N puitied; pe desired,

ori o5 gy aRer ey PP ST oSSR B2y i,
adslhioﬂ'ﬂ; smho@ekscodtentaemsdmbmbhvémmapafeth@d& ar

ct, the onbi nati on of two or nore tj ned
%Paﬁnaé“@ﬁ@rf@@%gha.mgswﬁn\@m@anrowplaﬁ.a progess (or

métﬂ@dﬂh‘ WHICR thé hﬁéﬂﬁ&hspﬁwduegus 8d§|‘?d FHGP? g fid EP@I content

ase during whic pro uct, prefera
of tlm prasiucadtglynopdetetn isitighers bgdﬂwdsanﬂ attive- pr mtuetstep

ual i,ty, s characterize a aci d _cont ent
toiiBratle shiftBrSein i s sl i pBiictle Asbees ine °
cohfIiMAIGH & tvoSdH %bré%eﬂ‘t@hﬁﬁe?ﬁu?é\%l% %\’J@idlﬂlé‘g high cell viability of
trade-of f between protein 'titer and sialic acid

the eultere: thatebyenpblingan easter@edmf@dtu@tommhasegdwm which the titer

o A SRR o BB SEARALS B pPSR0 ity

asmﬁiafrarrtﬁﬁzmwaraambﬁf cariteht)és mdlﬁtarrieﬂgatm MI Bueh a two-or
t he mat henmati cal Pr oduct . of "end (i. inal) tit
maore~gig temperature shift caginainirpizgdhe preeveélﬁw &ra@%woff@eéw&en protein

titet #Hd Sali@asiel &ontérﬁl it % pMSuchbn F&oﬁfgﬁﬂu\ﬁﬁé F}Né ngg'?ﬁ%t“re

processes, the cells are pre & a
precassai Thusy tHe tpahperatse shifts proviskeoa positine effeal bmeshéocing an

i s o A e S oSk i ot
prédUidt of Fae QR tltér”9< “endl @81, ¢ihal) adlicaRMH (“ENP 1R KKShd sialic
or |lon Accor in another particul ar aspect

acio). I t ?‘ﬁ/éWQt @prrwﬁgnn eylturinghor@cessesd & e¢liscarehereéerably fed

Sk oL AT R A S LA S Bl o

siadyatidroot théqyrofain pheduce pesmaihuagyecduliuhes metined dvsrextended
is lowered to 34C, or near 34C, and on or about day
culiyring pariods, e.g., greater than about two weeks or longer.

Accordingly, in another particular aspect 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 the
cell culture is lowered to 34°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
worbtdimdgo4t he producti on phase i s extended beyoRdTaisenes/040939
11 WD 2004/ 058944 PCT/ US2003/ 040939 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
time the cells are maintained in culture at the |ower
tenperature of 32C, or near 32C. Protein product can
dayel 4 adh sentinies totthe endraf the Cul’oereemma acgedumtrl @thout dayn21, or to

aoB P38 250l OFfind hicH PEA05 681 e mslalkey REDHOR ot tne

loW & tempETaRRE Iomazvd)eorvm@dwdz%y F%téiﬁ'ﬂréddd? caR!BelfeRol¥red at the
subjecting the cells to two or nore fts in

engdeafplae gxtanslegprodyctioreplase as &irther. deAc:ul@emj here¥d., such

2= 880 BrpE b8 LR 5 BY3Re o o

inarghging ehé viablitg beeelfsoin cultnrs bp@u@jfecfmgffhé Beltshl@ two or more
presence of the condition than in the absence of the

Shé@ﬁaut@mﬁram&@man eultuie sums feranditiare stigl agriwedranore
shk\%'m%r% 1<) Quf% dalusEEcred %%J &%I' \ﬂgbﬂlyr|E§§I§\é@ﬁhﬁ§ﬁﬁ%b%%ﬂure is

l'ow ¢ remain via
higherifods pesiod of dimedieythe prédencet aiittlercdnpitiodithaih dmthe absence of

er | cussed, herein, a beneficial consequence
th fondlion R etPraEg OVNSASPREY o P! e SeBReERHIL SR el
cuﬁ@nﬂ@?‘ﬁ’r’ethbé’é Q@He%‘%d g c@ﬁs 1%} @%ﬁ vidie kt?rQHcreased time

qual are produced at the turing
pepedS,osuchﬂﬁjeheyooddlne smatmatoomcaon qnedodl \Pes dnecuﬂwd herein, a

veRlahER et bf Metoasel ¢ APl i 2R lacaisitah be that

Iar@éﬂ&uaﬁtﬂ%s%fé}ﬁbdaﬁ of higthda\nQ/ Qlre PR udctmaha ledndeof the
shift cell culturln scorrelates with a

cubuidng reEed diﬂﬂﬁﬁtcoﬁﬂ%@éﬁ |th%1ea;re|o§néh@lveéo he mpintenaaes of viable
dead or dying cells over tinme in the culture. The
presence of cell debris and the contents of dead
cel IAnotimert depectibt thieinvantiore '@ahat/ ilcye a seylan]| \ﬂabltlﬂyeresultmg from

abi | i ol at e and/ or ot ei n product
thpracie i e AbmaiP tempatais Shitsyol sblsiig futheds Conelates
W|tW @eé@réa@éd A QIR ceFP%bﬁQ afb réle'é%eﬁ r&oﬁt&rﬂé‘ bﬁde&@ ®F Bying
hus a concomtant reduction In e contam nati1 on

Cetbef 0v¢fetlmellm theecultuteu rﬁhe;preeerhcepobcedl debrimana mm;—;nts of dead
celJul ar _pr.ot es_an
ceffs. Bt itk Bhn BeSARET Todhd o B AT 38 s arfefBy pusity the
prétBi prdesict £othel PO Rk &ultu i@ e eBy Réep it (S‘eQIIS|V$abIé for a longer
ot her aspects of this invention, culturln processes

petifgof timeinailiure thee isjbds acencpaiiant r@bq aniin Hieccontamination

of SETRARE fo ATy SYERr BnS P URU R, B ogh P yBR 28 and

sialidasey, ithat cartduse degradation and ultimate reduction in quality of the
desired glycoprotein produced by the cells.

In other aspects of this invention, culturing processes that involve the
delayed addition of polyanionic compound are employed in conjunction with
feeding the cultures with D-galactose. In one aspect of this invention, both
culturing processes that involve delayed addition of polyénionic 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
wOonvsg4wWo or nore tenperature shifts are enmpLoyse003/040939

conjunction with feeding the cultures D gal actose. 12

WD 2004/ 058944 PCT/ US2003/ 040939 In these aspects

i nvol ving the del ayed additi on of pol yanionic conpound

to the cell culture, delayed addition of polyanionic

conpound achi eves increased cell viability.

Pol yaffi@sa @srasip Blveling dresdelaysd additiontaf @olyanidnic eompound to

th$ fq“lr% eg ! 8el H%‘Hﬁ‘ﬂﬂ)&gf F?Dﬂgagﬁ%ﬁuggtﬁgiqo%{a‘ ?cﬁﬁe\?es increased cell

vidbilitgnt P@Iyamu@mw aormgodied pbéi@lra@gﬁllstdé%ﬂaﬁfsuﬂ!@ké/ apbR@ahnic
conmpound, pol yani onic conpound is added to a culture

Coaip%mﬁu i@ Qﬁtﬂép the gHibwiel aita Wnetadter inroasdatione t he

o U SBasBet OCinehv o 374 0k e baliBef U ppp ap e

coh’q:&)umll tp(ﬂj/argommtdmnmm is@dded toa culiuraoatticlidaftend

i of |t| rom h phase. In accordance with this

n ﬁgoefgrﬁ/m *P%nn'f‘ﬁé?f&?%wﬂ'ﬁ seadiephaseyard dating the
f

mnﬁ&ldéregftﬁ Pﬁa@é‘stﬁ'tlg Signhggl'n%g%c%ha ?'Bf {e 'gg%tl ?Vcﬁ@{w rﬂ{as% or is on

or@nboat thecentbaf the iptias grdvab phagan, In abeomtlaalbb Witht thig sspect of the

By 6V baoP i Seled A0 haGREHEo! (R deeth phase e

e‘l’d%@dh‘o%%fe@rod'df tﬁ‘ﬁé ogmruzﬁséwrén dd(})ss RSRESAalR oH?@the death
I nvent i on, cel | eat i s arr est for a peri od

phﬁsﬁ@asmna&%de@thaatejMeaﬂlsnr%dwteﬂer preferr ed

nor o Rbinel dsBeb EUGLRER0BPuY s el 17 6 cbiie during the

initialcdath phateeth agecwidahcOwitiahcispret 6PiHeaihnemibr, %@ﬂ ide@th is
nedi u1m are e ecially suitable for the productlon of
a“’s?@i% O agTef AblieeuPen %ae»ﬁfah%@ CTLA4 nut ant

HhSﬁTer?bél%In%%l bﬁﬂ@ﬁ#ﬂﬁ%&gﬁ@ 2Ll hénndescf;nbed

pre rred e nment nDIecu es an
hes@huibﬂem@my,@lev&tup@dtceﬂmwutd pmcasee¢>mdhm1@|feedmg gith D-

nt t d | j.t b t |1
gaflii S bonBing idnd min e secRIESHTNIE et the produgion of
sol@bmfrmﬂmébecu%seérﬂi 56RO POATRRGBNP ISR, %i@ﬂtas CTLA4lg

i nvention enconpass the culturing of cells produci ng

andtIM4ER22Ydg L 1 prefenwd gniadigents, soplbde Cdigdel molgaslles and

T8 eI 8 AR s b s

cenmgemte:amy Rniginexrbd &y expresgandroduce tedd @oidingl (See
CTLA4I and L104EA29Yl g products, as determ ned b

Examiles, TR); &P Riettas embRETeANts g6 the ReRsenpinygntieR encpheass the
cu@wﬁg}e{)f &8isSITBAALIRE B FLANG dHEL {BUE ARG ITRE hRIHIE temperature

shifts combined with feeding of the cultures with feeding medium containing D-
galactose during the culture run to achieve large amounts of high quality CTLA4lg
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
L104EA29Y1g products having high sialic acid content, as described herein. Other

preferred embodiments encompass the culturing of cells producing soluble CTLA4
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cul turing processes along wth feeding the cel

cultures wth feeding nedium containing D gal actose
wonoanssaawunt ef fective to achi eve CTLA4l g andPCT/US2003/040939

L104EA29Yl g products having high sialic acid content,

as described herein. Other preferred enbodi nents

enconpass the culturing of cells producing sol uble

CTLA4 13 WD 2004/ 058944 PCT/ US2003/ 040939 nol ecul es

and sol ubl e CTLA4 nutant nol ecul es, such as CTLA4l g
malegules EpwiBaiged; Tlud4 mytdel mplesulasdisuclvasdd TLA4Ig and

RPN 0, oS PR R SRR reldrlenic s o BBiped with
fe&hhgfof ths efiRires vigTRRAiHEMesiLen CORRASH qjlgar;a%kdéér'oﬂwer
of cells producing CTLA: %and L104EA29YI'g usin

praﬁqre@de@nh@dmerﬂﬁ evrofwaga e aulkurineheiceails mnduomthBng and

e sty e .
tefpitdtare sisifie combifiedvithdseding clavabbm@es viith 16e8ling medium

present_invention will be appreciated upon a readi ng
C%’Fa'f'!ﬁ‘@ Rreplactese. descri ption of the invention and a

oD B T Y ORI o SRR T o

apprptialeidngpan & eealdling of Gga detailed mpscﬁsptw &k thgdheaitiodeanda
t he, feedin rreéfl md the process of cell culture
copsidgsa Lor}%ﬁ@? raw éQUtr S-obt ai n gl ycoprotein product,
nanmely, the CTLA4lg fusion protein. As observed from
FIG 1, thesgerPRON OF THEIDRAWRKESAIGURESD 2
hi gher conCentration (12Z2.5 g/ L) of D-gal actose in the
feed nmediumat 50 L reactor scale. NMoreover, a
f ur tHGk 1ishomsdbe resulishel @ngloying o éesding cegiten ¢ampiising D-

ot EFANEGbAPY A8 Befod vl R BELAA KB FEiR ractor
scafe tﬁ-mbmoglmrétélrppﬁdﬂm ddrbely, ihe @T2A4@BMS%H pbrotem As
culture run _at 50-L reactor scale enpl oyi n

obggvegrfremn Fife 15 &@jdﬁ@'emfmwatwn lnom@aqﬁda ghta higher
oo YR 128 QLTSS IR g (o et AR For ol
Mdreoseqai furtbanincye sdef efcthed)-lgnlactrfsmdelthlcﬁ ithe feed medium

FIG. 3 t h dual  D-gal act
to el naosiive UeRlIoR PEIENTRANEIOBNG on at ¢ he
CO”(F@Gt bl S‘B‘&tég thje%pgae&& b B- éaege%% ;Srgtdhggt_itfﬁ?gﬂ% BY.day cell

medi um nd t o e optrI mal
cubB oD art@at meaoioaswe eployigg tthe cutlxumgjand cbeeqhhgsmethods of
i,ncreased

the ngsgugfnvanhon As observed %I FI% 2, (tjhé/ ? ter mcr?aase (i.e., cell specific

productivity) was not found to be 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 WD 2004/ 058944 PCT/ US2003/ 040939 FIG

wa 2004/0a8d4n at es t he scal e effect observed duri ngCThs2003/040939
scal e-up of the cell culture process to 5000-L for the
production of CTLA4lg. The sialylation of the
gl ycoprotein was found to decline with increasing
reactor scale. FIG 5 shows the reversal of the scale
effect after the addition of 12.5 g/L D-gal actose
i nt &16h 4 ilusictes thascale effetbehargeddudngné gscaiesupsof the cell

o BeRah 5638 A BT e eton f e

glfetioPdteth Was H@Erﬁﬁt&@@élﬁreﬂhn@”ﬁéé&hd RHON Scaldl G 6
shows the inpact of different tenperature shift

pr ofﬁlﬁeé shewsdhe reversbl of the Scate eliddtsaftarithe additian of 12.5 g/L

L 5 | e [t . .
D-ghleiodeintd Wie BRY HhedBR] fitn FSTBabR iy EES aThisDegalactose
febeing itachriguaallowen the prat@aoR Bp g6 lé'rﬂidliﬁt@ 8 H@Hrgpétalwated

i nvol ving no tenperature shift (" no T-shi f

CHiMYpdn {asapscataupodsition rgacteisgl e T-shift" ) and tvvo

7oA BV iAot |l il Brenk 1EHRIA R Sl o oh 2o

vighilith foreceliercuttatdd ava ahitéd BYL)f rebclerlskaleC Uriddeeésalts dvepd
liter (50 L) reactor scale. These results were

obigjpgs ﬁr@m fh%ﬂm%rén@%ﬁ@lqsrs@h@@ InExempleed hereipx &rginiarison is
A SRR RS RS ARSI AR A S0, o

single mmpébatmoBmM“sdthWasrdft’t e\ﬂfﬂdmtdnvmwdnndl’emp(e‘rdmm@ sRifts
“T %M—fﬂfshﬂ G 8 depicts a nucleotide sequence (SEQ

d encoded am no acid sequence (SEQ ID

NO AGOY showElihé igphavorndifidretl $abe RRRE ﬁ?fg pRofils 8n cell

pe amno acid sequence of the extrac ["ar domain
vuachﬂ!tmrmellgmﬂuraogataa 5oditeri (6AiLneecactor pealet iTheselesalts were

obfAE kbl B SeReRlleRPridodt ERamlSE hefdn” Compina i

made b@twfe%@\l @Jltunﬁb%e@rod@mh\ﬁ‘dlﬁngt%@'cﬁﬁ%ﬁ&rd&@ﬁﬂféﬁ*&l@m shlfts
and encoded anmi no acid sequence (SEQ

“trNete% Slaft” aa wordawnward fasneeratuse shiftuEdoalyiegl-shiftd i ng

?DT EI S |&trt1ég ggluc?ed{@ﬁl og@ﬁgéé t(§€§jsﬂ[ﬂ\lgfn ﬂ%ﬂgﬁﬁc&ged amino

acehshqn@nate (8EQRID NO:2y bﬂaﬂTLMghangdg@naDpepﬁcw ta Wild type
at alalne at pgsition -1 and at aspartic acid

amipo 351G seienee 24 the fetrageliuiar dasga 'BrP% Hld\ starirg atmethionine
at pBSitiBN GHabaspatit §c§8lé?BS@ltl(ﬁE@%,DoF\Qaq’t)ng?afjaﬁﬂfr%d&dposmon —1

to aspartic acid at position +124, and an Ig region.

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 ID 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 WD 2004/ 058944 PCT/ US2003/ 040939
wonefsmssad to as "wild type" CTLA4 herein) fusedTius2008040939

oncostatin Msignal peptide (position -26 to -2).

(U.S. Patent Nos. 5,434,131 and 5,844,095). FIG 11

shows the inpact of delayed addition of dextran

sulfate on viable <cell density, total cell density,

and viability in a culture in which dextran sulfate
(refersed balds Qwild typled Oé'rmmolﬁemlma) fused tcathegmmmsltatphh(s:agnal peptide

(PoRIEart 1A B (L Haton HEs o 452 Jamand ST nue
bet a1 %HH}VQ i8S mgm‘m%&&% %@cﬂhé# bf éé)?tr Cuﬁ#%f‘dimsviable

at the en the initial growt ase,
cell denkity; Hotab celedensity, audfvaatsllty(m aaccmdieda mAwbuclagieerahLaukfate was

adBpl o 15 b L 1 el GRVRTAre: deas samTS ey copbiained from the
exPEMinAls §eddrinka n‘i’ 'Exaﬁﬂsnél 8 He%m ¢émb§n§orh ROAEUEHENReen

repr esent ati on of vi abl cel densities as a
cuftuiestin <wh|@h dextramsulﬂatews @@d&d et therencoof thierieitiaf gowth phase,

h X i be Exanp| herein )
an 3 HRETRER RedBfanatiiel LRt ot A alfes Valuge s plotted:
erdvbbad ﬁepmm@%maratdemwnoﬂnd of the initial growth

phase, and cultures in which no dextran sul fate was

bdd&H5. 22 eshayes the lmoapédgllawd edditienraldepéras sulfate on death

s PP LB 1 i P DS T gfn o

tlrrdaen'ﬁlnése rdsottalweftelobtedﬁ@d ifloyn trneixparimbénts tdestribéd in Example 8
cylture in_ which xtran sul fate was . added during the

hereins CAMRRIIFOR B beiasn ¢ulies i which daxtiannedfale wigs added
d [
at fH%en%rgﬁSggrLé @gﬂagrg éﬂ\ﬁ@ H\ﬁgghag@ cﬁﬁ ur”z V\Iﬁ}l] mﬁS'o%xgan sulfate was

addedlf #veragesvaldeedraiplotted. tHreor bars weﬂ)redeat ﬁapda&éde\aanbn
Ta EHGuLd Enets B breeR SR AR B dERrdi st on viable
cef Hbﬁéﬁ)ﬁ té’trél c‘!élP@én@sltyC ﬁhH v%‘lﬂy'iry a cfu%?ﬂ inG@hich %&ﬁ*ahléulfate was

viability in a'culture in which dextran sul
ad@l/ad dusing éhle initial sigathphase.t Thasedeauls piess ebtaied &om the

ex kA SR T EOG IS AT 0, BB S BB euedh o
cukturetivghict dekiran sdlexteneds sedédbering theimetrgl dddiH pBadd)@nd a
initial death phase, and a culture in which no

Cuwﬁt'ﬁdvh'%npﬂeétrmwﬁa@ewas pdded15 shows viable cell
e 10 55 155 0 ey A AP M T e
celt densitye tot?éh@abdemtyl and weatdlity b @uhed ihrvomibh llextran sulfate was

adgeg %LHHS rﬁ}\g m?tlea deat eghége eseI r%s&ltls \r/]vgre obtained from the
experiments described in Example 10 herein. Comparison is made between a
culture in which dexiran sulfate was added during the initial death phase, and a
culture in which no dextran sulfate 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 cultures in which dextran

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
wdizbdsmseaas tines (day 3, day 4, and day 5) of PO®US2003/040939

initial 16 WO 2004/ 058944 PCT/ US2003/ 040939 growth

phase. These results were obtained fromthe

experinments described in Exanple 12 herein. FIG 17

shows the inpact of different tenperature shift

profiles on viable cell density. These results were
gromthaprase. These tresulisxpee ohiatneddesothe edpernmemicagsasibed in

her ei Conmparison is made anong cul turing nethods
Exﬁm@?a?ﬁbef%- tenperature shift ("no T-shift"), a
Si NHIG. § PEABHALHE ﬂ'nﬁﬁd:tfdf diffrept Férﬁ@élfai irb v pFdMes on viable
two T- fts FIG 18

downward tenperature shifts (" shifts"). . _
cel Hensity.h&hess erults wate fobéainad frosmirer experimemnisfdescribed in

Rl BBt Rt Bonas BRRBCH SRS AR PO PEying no

terhPERANISSHIT I(hoTRERITE) RGN gl tEpefatufe ERiRdSon YAt and two
no tenperature shift ("no T-shift"), a single

dowginsd demperaduier shifts oo T-ghifts)) and two downward

| oni 4F HoRpabe inbeet iich inporeNE it o of Vibiy.
Thiebk eesultsTWereolsiafidd ffornane expeAmeats déesuribellen Example 13
experiments described in Exanple 13 herein,

heteipaPMAgsPs inaade-afBeRg sulluing methadsisuelvinyar iameerature

6@ H 5t u H i " T .( " v H |
shftf(:h& TREftY '8 Bindid fdrmodralifte St ohe T fif) 4l fivo dawnward
terhperadu shifts $two fTsskift¢' o T-shifts"). DETAI LED
DES P OF THE | NVENT]. The present inventjon .
desg’?ﬁ&blé %wsah%eeea@sow f ?rﬁﬁét%}era%r@arﬁoﬁh'ftaprof"es on titer.
Theéetrsémsfwerﬁ%ﬁfédyfrérﬁqeg%kaénﬁqeﬁfsoa@édﬁb%qﬁ ple 13

nmore preferably glycoprotein products, I n manmalian
hetaih] Conipavisen isThadesdrhog culburingmetadssisgsivigow timgerature

sl ) S R e OB AP b lEAS e
terhPerafilitet sHiRs (‘000 TSshiftétys provi ding a high quality
protein product at the end of the culturing run.

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

(method) f osevRR £ HASERIPAIOI OETHERNERTIBN

particul arl , lian

cell cultures, in which the sialic acid content of the

pr odheqaresghtyinogntmnedescrives meneamedssss tond¢helpeodhictian of

r{ey\,{ y-df%scri bed f%edi q s% r.at e i.n which .
proteins; preferably recombinan %ro ein products, more 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 quality protein
product at the end of the culturing run.

Culturing processes involving feeding with D-qalactose

This invention is directed to an enhanced process (method) for the
preparation of glycoproteins, particularly 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 WD 2004/ 058944 PCT/ US2003/ 040939 D-gal actose is

fed to the cultures, preferably in a feed nedi um
wOrgrloagitose is provided to the cell culturespren/ushaB/i040939

D-gal actose is present in the cultures in an anount

that is effective for attaining and mai ntaining high

sialylation of the produced protein until the end of a

culturing run. As described herein, a variety of

feedi ng regi mens are enconpassed by t he present
D-galpstaseds fed te é‘@culturﬁsaorggegablyan a feedahedilios eD-galactose is

d
PrBRRTRS e Boll 6 s afal o diiose s e®Pnlidfe gyuragdn an
amacldhttthatnis efifebtiga fercdtenting @nUhﬁam%nMFF@SIMQH @Fdl‘;ﬂ&tl&f ofthe
produced protein was identified bei ng

pr@calgc@q pr,ﬁait@lnr@tlgfl'@peraﬂ of @.cgljumg gm;d b @[esgmbedrh@reln a variety of
fe?&ﬁ@‘?@%nﬁ‘né?fg & &I&%ﬁ%‘é@g%‘*‘%HB%ﬁ%@H@%ﬁ C{%ﬁaéult 7§ residual

um over ourse

-gamm pveseheel irdtHecculiesel fdr the daratiornet £aaRdring run.
actose content of the product. This, in turn

|
r esfjr N egordanca avithaidia iNveRtios the padisionl of O- Qé‘la&tQﬁﬁ tetthes
glﬁ&ésﬁh@tu?é oF ?! r{?ggb%’%d)ﬁadiéiﬁtv{r’dseldebpﬁérc? B¥ belr{bﬁé ‘?ﬁl‘?}' lﬁ'gltl Q‘ritep of

oduct qual’i Intain an sust
pr@l@t@@@alyjﬁtlom a'hyelmesmceocbf g eflective amoust mfrl@f@iac&dsé m the

; intain the a act os Eeed nqg strate E) hout
o a8 it S v e AT the CEltUEhG PirksRe e oupdo Tosultin an
indte8s&ND- gaa@t@be%nt@ﬁ%f% bﬁmdcp J?ﬁrshlrﬁfmtl'n | re‘s@it@d in th@

L-100 L) and |arge scale (e.g., 50 and greater)
adgéion czfum@m giglic peidgndietiea i tl’teh|@r0h®n rg@dmswctune, tpem/nt

AR A PSS UL b Gt S G oo o

mdlyﬁa'@@h o pridict, dsisforetenerd tdefgintdie thd €-galactoss feedlntg strategy
a variety_of culture nedia as known

thfgpahteé\ﬁﬂsé?%}géﬁj 'y The PEefiesaes agdiraetheds abthe aresent invention
aré QYR {1 L gowse%éﬁ‘@ grﬁ%%ck/ ?rﬂg anﬁqgll e géjlfgl B0 L and greater)

descri erein e prese
cell pubbunteiso rin iasiditioat the mteﬁnodqomfddaqiremnton%rmoaraa'e particularly

h
sulSLHS B oWl and Braipihea bk batch AUt of Gptsrmaland large
scal®, as irtaHdRtribB8 hevdih UNh ﬁ@dﬁ‘%ﬁhg%ngﬁﬁcrdﬁtﬁﬁe RIdfd Bs known

In a preferred enbodi ment, a sl a aci d content
in e anhean bedirad indbe erituting rr@dhocﬂmabth@muenhm Bultableeulturing

médfgawﬁml%r&%%ﬂﬁ?%ﬁ?ﬁﬁ%cl ncl uded in the feeding

medi um ~ sup ell culture, preferably on a

dai lay é?ca&lnmge( oktbie refent iIMETTIRINGS tAaihr@teid broduction costs are
rec{ nt er es an interruption or discontinuation of

Yeedmy ‘i\‘ledg?'@@éeﬂ'é@éieﬁt‘ I quality (Bog-o S ihRASUIEE @V@I&I@raql%aontent)
o % BASS T ooy L B B8 B, ol nerin. 1
prefescadpingb@&imekbreebigbrsialichecid ddnteind of tife Prodgat wes asdEintained
therM%% %rgﬁﬁ gt ! e\}c\/ﬁér? l 5al!agtro%g v&é:sa{nglu%%ldtlgrtﬁe feeding medium
supplied to the cell culture, preferably on a daily basis. (see, 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., CTLA4Ig, via the feeding medium was able to reverse an observed
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protein, e.g., CTLA4lg, via the feedi ng nedi um was

able to reverse an observed 18 WD 2004/ 058944
WOCH49S2A03/ 040939 detrinental scale effect (BCHUS2003/040939

i ncreased reactor size) to the quality of the product.

The reversal of scale effect was nost significant when

gal actose was present in the daily feedi ng nmedi um of

the cultures. In the absence of D gal actose addition

to the feeding nedium the degree of sialylation of
dettireegiiay seqle @ftech edgcumqrealsewl taacmrrmz@dguthg queliytafithe product.

scal e, referre di ment of t
T ReRiseb s Plebt vhsMhent M e ol SR Bsg R rssent in
thé G@W feddiid ﬁfe%lﬂ)fntd?"tl%l Gbl‘ﬂﬂ’bsa IR EHdaeddrse cBMD»gaIactose addition

prefierably, with daily feedin to allow for

to fhetassingmesium aihgedegreat siabflatinryal e @yeﬂpypmlredecllned with
ependent of the reactor scale.
'm%%éﬁg r%%&gpf‘é%% cont ai ni ng D-gal actose, preferably a
f eecagrdimgly| U@})ﬁ@‘@ﬂéd%mﬁomlt atthesidvedtiorinvolves the
sialylation effective | evel throughout the entire cell

m@memnée o e Bsgalactese dgeding Isjratedibeaughout aarregdictign run,
pré@%@y,‘;\@m’?%ﬁf dﬂ% tﬁ\éﬂb\ﬁsfo?th‘égﬁjopﬂgtldmoplr ?@? 'a{:ho&lnts of highly

1 on
sialyy tmalgylpeap rotein adiﬂptenslpat:ofeme reactoe saalpl eProvmrfg adeddne

scal e- Ltg o(aécell c Liﬂ r%ro esses to sever.al ousand
COPF%'@PQ ypa H%ﬁeopre Y8 'ef '“Séﬂe%”b%%r@PU%'th rgglacipse, at a
stlQﬁ‘é{’?Effg&ﬁ}e’ IEVeI tﬂ?odr’]ﬁ?ﬁv%%ﬁée)éﬁf ird e iR p R%; %*é%l(\e/gntageously

degree of sialylati g ycoproteln,
caupehairacersakoimraleaptaitectcand avoitihissdedlineria aroiein sialylation
dye tq.a higher stress level ex by the
ang g iFmidlich ShEWRE sBSER A Rin BT BladfRE Sted¥o Rir exampl,
dubing ah@etgIseu et GaIPEUIRITE Proddtees ¢ bevéial tHRRABRYIIt 8 &f reactor

herein, the addition of D-galactose to the culture via

volunee fibean bg obsetiegkihabine predHclomeality.ras meppwgbihdetermined by
th§glaér"ére of@i‘é\xl@aﬁoﬁ -of P& g@gé?ﬁt%gﬁ?é#lﬁ?es‘é‘@ﬁw f’i"m& rl@ feactor scale.

rse or 0 such e- up &1
Thid blms/m'dl aiicnr}I nmlydr?e quuewhuathlgrmrcs‘tresby@\Mre&pen@n%éd by g’m culture at
alit nd sialylation istics i nde ent
th i asrealn I h dpacisan (hady colriese metahalisgbabbasely As

ex8Hhpli ﬁéf;di‘ ﬁgrélﬁvtﬁb Rditidh Siaibfb‘étlﬁ&ﬁ & fnd cﬁ,ﬁﬂrre Qfaefh%rféehl’k‘lg

In"a nmedium 1s particu y advant ageous
méchuglemtealmnme timel dwingsthbawitae me(engnsbn;a@anbmﬂms) was able

to s Bt EE0 5uch arisiiantl sERIRECH IR0 i Bhawed oy the
prédgctionl df glydob%t@lr’f @ﬁﬂ?ﬁ @uﬁﬁl@'dﬁa s@l?féﬁi@ﬁ%araét@ﬁ@tﬂ%es

mai ntai ns ~ and/ or sustains a high Sialic acid content
indgpendenpeidbedeacter sizgHdlizedhd hpsd@@d@re@ﬁnce gha swgigined level of

0G4k 580 QUSRI B BLTE g 650 docons
fordasdscate tokculaet draviiigzibeandsivironoenedd sdule effect.

An effective concentration of D-galactose as a component 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 suitable for use in the feeding medium can be
determined by the skilled practitioner based on the reactor size and volume of the
culture. 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

19



cul ture. The nethods of the present invention are

suitable for all reactor scales at which protein
wonososgd4on occur, including, but not limted POT/USA03040939

and small 19 WO 2004/ 058944 PCT/ US2003/ 040939

production scale, and reactor scale, e.g., large scale

cultures or comercial scale cultures, e.g., over 50

L, nore preferably over 500 L. For exanple, the

gal actose feed nethods are applicable for production
predudtioncadala; ramsl, reacyr scaky ierg, hrgeabcaie cofturesbarutorb®ercial scale

culthiel Bk, SvamachL ainauEEai erdimootk. E&0&KSMoRs o aalectose
fedd MdiReGRakSaslichbleeio? p rédlucﬁ‘l%ﬁ%rcﬁ@“&ﬂtdﬁéé he ! | on%‘é’%lume of

of this invention, the gal actose concentra
abpyb B fitpraded Liror kespr as wredliasyfoprendtorestale calturaspwhich can have

d_or nt ai ned | evel of
a Wl or s 8l huRe iRl A BB ls s TulbRor ™ i gt he
cul inabbgrdanes it th&imaireds tof Eis lihmln@ﬁt PeyaHtioabl e
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concentration and enhance and increase the sialylation of glycoprotein. In

general, the culturing methods of 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 often than once per day, and at varying intervals, 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
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day, and at varying intervals, preferably 20 WO
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- : . As
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o 8 3 L A d LIy 3o U gh o PBfmocium,
Ashrarelimijtinghexanaples,” D-gaib’ctosd eais beded iy treddulturerin afmadiym or
ubst ance

de to.a culture.after_inocyl ation.
cuRiEAg A TS Tatraron fekst Beding §oRgHaieSt can brdpaita the
cukd® ihevdter.i RS GUAGH-IiRRIng' SlahSiel et AftuRs Ady 98t whgID-S
to starting mediumto begin the culture.

galactose and also fed with a feed medium, i.e. there may be more than one
composition being fed.

As used 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.
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As used herein, the terns "feed nedium and "feedi ng

medi um' refer to a nediumcontaining one or nore
wouroo4iossp4s that is added to the cul ture begi nnPag/Ua2003/040939

some tinme after inoculation. 21 WO 2004/ 058944

PCT/ US2003/ 040939 As used herein, the term "basa
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Exanple 2). Illustratively, an effective anount of

lyearyetein malpeuleseichsedl-oH e ansk salufle £ FlrAvhmutant
moq‘@é{”és,]su%Las 1 A 9VAY, 95 bescribed further below, a concentration of

D-galactose effective to maintain 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. (Example 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 g/L to about 25 g/L, more preferably 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
wonodvssamount of about 12.5 g/L in the feedi ngCTaSR20087040939
is particularly suitable for use in the |arge scale
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i nvention. 22 WD 2004/ 058944 PCT/ US2003/ 040939 The
addition of D-galactose to the CTLA4l g gl ycostructure
was determned to be the rate-limting step of product
si alTyleaaddition shDigelactoapts the GTLAAkrolicostastumnwas determined
h Iac ose feed led to reversal  and
to b tng FER BFAIRG Pureaf preFiabPgBidtRo i iy Bt fRcofthuation

of ﬁfégtgialaabge & 1dNe@! élﬁé\lé'?sé]fan@egﬁirﬁ%tn@ﬁ%f'I(B\Néhﬁalylated
dai | y" f eedi ng nmedi um was preferably nmaintained

ChuAdgghwepratain pioduatt Acrordinglyt the lchisisreohRegalactoaé in the

o gl i PR A in ' LOnBHRlS fhgolfon run o

aoﬁ@Ve'@f@@ﬁ@lﬂ'eﬁcorﬁple&él?%%lﬁé@éuﬂ‘oﬂgm@'fuﬂéh Quahty. f ound
to achi eve the reversal of an observed detrinental

scalT%eedafl Cefdo‘itfbnt BIeD%dtbé’e thh*efr@eain@%eeruwwlar &le

SpeCI ica Y, absence of [factose int
culterasi mgdn@ﬁg &‘rfﬁ LA4=ie vmm;ioaeddo a@hwvyltbeurevereal ofran observed

de&hﬁgﬂaﬁgﬁ%ﬁ ggﬁpg{oef&%l |b/ %ft%emnagp gcfu(ggaMOJg sg)ggil Iry, in the

abseateof Dl-gala@t@s@frodié?feié@lr@T trdiuen ahb(wgﬂeé e SIalyIatlon of the
roduction of |arge anounts of highly sialylate

ClhiAtle sivsoeraiein drrliper ddit insreasintieactaasrte- Tb@ndam/ pdgition of
D- g?%fb%% b RYe Vétcﬁlge {:ﬁﬁ%@%r%ﬁ%@éﬁ%@@ﬁllbﬂe? the production of
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phases produc I ncreased product, as well as
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U S. Seri al 60/ 436 filed Decenber 23

wellas higls qualityi afithagrodugt as measured hiycsialia agigdopntent. Cell
cufﬁ?rr @“%Fot&es]% af@M&RLSs mvowuﬂi%gpﬁags?& ?élﬂ@%?%gfjeo%ﬁﬁs are

nce hereéln, an crib
dlsﬁlnsledtlampmmbmlyeassigrfetd mbnwpm@aﬂmmm Bagallddo. 60/436,101,

SRR b1 SR o SRt . 9 Bty

heliviath, 1§y %bﬁteﬁis Sﬂ\ﬁhf&hoﬂé‘iﬁod}ﬁé}dté% bymsfquﬁéa h&dein, dhd are

accordance wth the tenperat t culturing
furtharidegeribéd belosv.i Buelmtéroperature shift culturing methods may be

conveniently used in combination with the galactose feeding processes as

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

In accordance with the temperature shift 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. Illustratively, 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
woebd4/osgd4t ur i ng period can allow for a hi gh quaariusg003/040939

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,
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sialctdeid benteat.! cul turing net hods and processes of this
invention (also referred to as production or
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fortaypen@d bi/timbdbat eﬁssieotléhly dmﬁads the standard or initial production
phase. A standard or initial production phase is typically about 6 to 14 days.
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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as sustained cell viability, are achieved during the
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onbi nes t he tV\LQ:) or nBref9

Thus, the present invention advantageously combines the two or more
temperature shift cell culture 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
culture process, and high levels of sialylated protein were produced at the end of

the culturing run.
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u
s 2P SRRy e RS P o8 BlaRpoty o
tempemtummftaﬂ"@ ouneae3d G uhturthelemmlgﬁrthehahal ablowre rdaye.g., for
nor e

loris AT bR Sy 46 mgls sheCifil: tegRou £ - Parig about days

14098, &r te%bbbtedévgﬁ &fzetélﬁacﬁ ‘é)'r H’drbn %tﬁﬁ@%ﬂsof thé %Itunng process,
proteln pr oduct yplcally I sol ated and/or purifi'ed,

the proteirdirpriuct is ﬁmwallyesolatﬁct and{osppefiethifanexample; ffem the
cu BB e B obbe bR R B ppgiam.

cul Aueirgivartinaks nadltipleitémperature shift culturing methods of this
invention, the temperature may be first lowered based on the phase of the culture.
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

culture. 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
wehodsosgmeef erabl y occurs before the start of theTasai08/040939

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
deosity tarerotein praduetion apretarably erttaseed fosetelx praslustioonfoor

ARt ARl Bof? 140" bRl St B RepreTeC AeSsHL v T67 Cels/mi,
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©.q-hasityooan imiatiessisi thpeneditiin- t he sl owi ng of cel | growth
cor jebahes, W%o‘irﬂgpts ‘i’ﬁ?lﬁf‘%'sﬂﬁt iﬂfteﬁlllqterrét%pé 8C§un|%/ dlring the
0 e cell cu I uam

part I Cul ar conmponen ture ne
grewih. phasenfdrrexgeplé iwhidrathisonatle ceheoneeitvation is syt Ret2 x 10°

oo 50ERR A5 0 AL 2l RS FHE . o

e n rabi ' heYt1 8- 1 g 6
0SS GROSEELEE L. 0y it 8 R Sdm, b 10

celis/riLs ol 0-12 ¥ 1Q° celmiel | s/, 2-4 x 106 cells/nml, 4-6
x 106 cells/nl,..6-8 x 106 cells/n, . 8-10 x, 106 .
cei MopRoneg PR s mBoRReREFMLHAAT 15 essiedr mpscaiuye shit
cuRliiRp roRBESs erENs ke RAltLRRY fora- = @8y heRENRICH Be Shithie
culturing process, cells are cultured for a 14 day run

tempetghiieHs rmrintainad akor nearssr Gt ftera day Grig dewbndtront aleut day 6
r r 0. " bA.

o B30 L 1T AR Pt eetety i, FLAMARRY: Gt b Giong rom

about dayai 0 3¢ @boaindhy 1ontheaduftute tdypdiature igbaintaitesd ddor near

e culture te rature |s nmaintained at or near 32C. .
325 mmer&m_ﬁ@&m; Sells 218 cyflered for eyt gy dapperied in
i .he :
which SRS Rinbadld i din@ifl SE O TELHAALD jo about
day 6o froabalbutdday Gta ababtoday t\tha @ultutetempanature is maintained at

t ' ' i t 4C; d.f :
or hEgL A B o b ey B abclhgRFar diccvpapkPRare i
mdistailBl &t avi el 32PCOTAPaTandler dMby@MmeMOtdIR are cultured for

enbodi nent, cells are cultured for about a 28 day

abpet @ 88 day petioshintwhick iha aulture demeeptatureisi raimdainediab o near
7% i3 ?59968%%88298%? MabSAROHS 1ol ady P8 AR Udhure
temperature is maintained at or near 34°C; and from about day 10 to about day
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; thereafter, 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 to a
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tenperature is maintained at or near 34C, and from

about day 10 to about day 28, the culture tenperature
woo0mmiss4ai ned at or near 32C. The present i nveariusmo3/040939

al so enconpasses enbodi nents in which the cel

cul turing nethods conprise three or nore tenperature

shifts. In one enbodi nent involving a three-step

tenperature shift culturing process, cells are

initially cultured at a first tenperature of about
teml@eraturesetabwt@éedb|3,8°Capreierabaarat 37 aeanB2¥hoacu rsahereafter

th tte | ¢ h f
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culiheq methpd. eher @farpple, 2 deurth teropeiaturerahiicas feltow the third shif
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2075 PRpiGiabR DBt So%G R Matrces oo cufli BrndBiojeaie: than about
28&!%}& e@}’to@o&dt@@-éé‘@azéﬁéf nopé, t |6Hklm%§lgduzh% obtained.

fourth downward shif intains the cu
t enpexintthe éwatsten temeperai8e shift calgEingonef moastiyre adoouding to

e culture ntaq,. at er than
thig Fo{rr oD, RGP ST 4 IpeiaieinIBe o dopertilE sni
proddsslstof iffe PraEnE inviehtioh tah Bebur Wheh thé Belld M@vesbeébnnauy
tenperature shlft culturing run procedure according t

stapes! grewing paw have beppmet statiprary of aperpémately 8oi rhllttaﬁ@tlvely,
thMrﬁ%‘%]a?uﬁaeém? saﬂéﬁc?rwc]é?i \f\/{]ﬁﬂ W@??ﬁ%ﬁéelpéoﬁ&%t@%ﬁ f08bout 2-12

| nve | ON can ocCccur ave essent
x 1 mﬂie/dnlgrsmhreg; 290k h@ﬁ/@ell@ﬂﬂbﬂ@-?sx 207 oslymLon-5 x 10° cells/mL,

3-LRAOP LT o et el lned- e B L BB alsémL, 8-10
1'(f§ c@*ﬂ@/‘r‘ﬁL ?6r]1%) 9-1 % xgg)@ ggﬁ%@m”kltiﬁéﬁbel? é‘% F\Xsr}ﬁﬁn temperature
OCQUI’E(IBMM the/gmwtmplzaase I@raexmhple/whgn thebviable0sell concentration is

/ ©- Lls/ 0. | s/
abfft 225 1900 ety sucas 2l kel salymt, mer i e Rt 45 x 10°
cells7n{Lel$P435<at09 lcBlls/AfG P8 xHOPidalisile BERM AP dinassL., é@rx 10°
en.the viable cell gncentratlon is about

cel/mi, >8 11Q)6 108 cely/mL, 05d6H 2 19° gells/mb6 cel | s/nL, 3-7 x

199 8l oo, S5hLL e ulyh 9 gREB5E Ll
th reeltinsédmnd 8omobledltéﬁmmbtwé rshiftsoduriddy 4 2ukudd®Pperiod of about
three to ?our weeks, e.g., 21-30 days or more, preferably 28 days or more,
providing extended 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 6 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
woani4rosgd4ed tenperature shifts during a cul turPagUS2003/040939

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
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tinme, cells are. c e erature of .
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about  day to about day culture tenperature
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terﬁﬁéﬁ’dﬂun%gﬁﬂﬂ%ﬁ °(§h§r RULE O (\31\%2‘2\5@ ﬁae t#(]land qéJalitB/ of

ability may e er exten ree-
prdtemtfmermd\@‘dhemuﬁure o, abdus atslmrmo«wék@v\mh axderejed protein

th h it dyct
profulcion2FEEPE (e Baflinsd S5k obte Bla afii e ikks. The two or
meBhpait R f@rafufé P@rrﬁwﬂé culﬂyrenbls@ébmiéﬂ& skRE eeéhne in cell
tenperature shift

32C, or near 32C all ows hi gY@r
viahilinihich eaniogei duripgdhe pseiees ivaweeks iradliwe. t Yes another

R R e e N WO

twoWeRkshanthabeatbouts\prorielss a fiRAcE BRiePBIoNGH tRe Phbdiictionphase,
tenperature pernit the culture to stabilize a slow

thuseRiolanging theeprodugtiemphase ofiecseletituse da thaiand eftheneulturing
Y
4 BRI 2F Y by S, Yoo a8 gt vy wihout

sacifain@he qualitg (asateteboined by/\meaea@nemroftdm;/laabnmf&he product
pr e ds(glegr{%;”t erl%ex&%gqﬁnSégﬂgg CBy c{ﬂaﬁj:tjé:{tg;ag%ttpre SEI"I!ftS can
exféﬁ%@’ll rb@u&t’it?n S%%r&f thbh&f el tWHéW hr&8RemPefhturd Shift fns.

about or nore, e mal n a|n|ng cel
vi ab Dtl’tey ambdtblmllent$ﬂm pfasent gpvehuom isadlirested 4s (i) a cell culturing

PR B BP R e asbomiB IRyt B etk BierSralRagpciated with
inofskidd @d1RYiabifiyP @ifipa Widthsd of bﬁhﬁl@élng %@I)ﬂaﬂoﬁ? ef & protein product,
production beyond that of the two and

(|v) amrihad @f enbaneing cel giability, or (v) a method of extendlng protein
production, involving two or more temperature shifts, comprising: culturing host

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
worbtdawdsaal i ncreasi ng protein production, prefecamisy03/040939

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

met hod of extending protein production, involving two

or nore tenperature shifts, conprising: culturing host
dugispitee wtansard ppeduction nhasee)frab@m day@rtesdayam &®.g., on or about

tof SRS B fhutiBr 408 Bl uiiRe arclieunuBng mdiget dls fas
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PG Rl oA MEABRRS, ey B v
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of Mg Bell eulfureasRcc ARiihgthalblld hya sbtbhd témgeﬁd?@:@ &for near 34°C
enhanci nfquI alylation of a protein product, V)

staring 8goy @mﬁéﬁaaud @grin l@wglﬁng.ﬂngtempe(awreaofrtbemd cyfture
an@’gu‘ﬁﬂﬂh %@E&ﬁ]se%?a BHiRPEA At Y 8} 1‘18??%%“’{2 8@1'6@ éﬁ?%t day 6

era ure s conmpri sing.
to muaydh exp;essr abpmolbaldayeff_rdmttlw stirt aftthe dudtops; rumititiite end of

or near 37C under conditions and for a {ipe period
cuftyidd e oy 36%6@ qer*g%t\ﬁﬁﬁ“ef?'ﬁmﬁﬁ tring neerw&e«?aamrapnsea
tot@f r é@f r&Atbl e POdags! egiéét'g?%ér{s‘% Eté}tth%% 51 days,
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or Qreajedtmn?% dQalays! dwowing cuieire effer e¢llsr & 39°C, he., atthe end
cult ring the cells at third .
of fif sl 5 06 Hip i olodein Sasdetnrdataly dagyoseratgin, s
obftayed. 4, e. g on or about ten days fromthe start of
the cul ture, “until the end of culturing period. As
has lfbéeﬁthﬁépéﬂs patRadimentse thauprtesenhignvesten graddes culture

mééfr?gcg Lﬁ’ﬁ'ﬁi Eﬁi{% dﬁ%&ﬁot@%ﬁ%ﬁiﬁe@hﬁ%t@r{v@gfr%r% gtaé(rsnear 32°C to

at gr re4re30%Cham o2 8b30t dayiays frohl el startasflihelcealigdle dritthe end of
cells, at 32C, i.e. e end of the culture run

the gt urﬂr\goqj@gaseb rtggzr@ibb{ ngtqnﬂj@g thep@lg;Lgpmrsq)daNell beyond a standard
prétuttBRPAEEENTd fRirther extend protein production during the culturing

process, as well as cell viability, the method can comprise a fourth temperature
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 culture until the end of the culturing

process.
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obtained. In another of its enbodi nents, the present
i nvention provides culture nethods further conprising
wanoei4vsso4t enper at ure downshi ft from at or near PBRMSRM3/040939
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
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produced gly eini1s en e use of
28 morestays, withogt sacnficired epd titarrapel salgtatlon ofuhe)oroduct
t he conbi i on of

| ot apuaraaprain BRgutfte Braasers oAisWavaRtiop e two or
m@r@' tekfRratufe tsl"?ift@%u‘é{’e[n'i 'a%gl"? 8kl URbilit® bﬁﬁmteeéulfd?@'&n@l(ban allow

days, ‘greater than days, greater t days, or

mefiedhigle fitar g higls quralmymretmys be wiredined isea cultureirag conpared
od d
wit] 4 i B o5l bR BBl T o AR FRE R o o

méretteniperare shitaP Ied, the twbld‘rtrﬁoféltéfr@jerﬂat@r@ tsﬂi‘ﬂt_sQ%'n' allow the
viabjlity of the culture and can allow nore
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ph‘é%taWd?or oﬁg'mélﬁegd% 3)(1;% Sfflrd hgwng@gdj{e?nﬁé}ratdrgeshlﬁ or at

sane peri od not i nc WO~ or
masinpes B&mpa’anl‘refsﬂ'ﬂ;fi Blusb mmlhetépf\mmpermwl'e sm‘tmeluah wsethe two-

shift n al | roduct i on phase
or FRPTEs e Epas i el it G BT RR B alne Hadk ol heluen titer
(“ehactiter) Bey anglc bRy @csrqupwtﬁe p%dt?ctﬁa%' csf%@té?ﬁmtmdﬂ the cell
tenperature shift, or at nobst, one tenperature sh
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enﬁ?g%bﬁp%&ﬁpéﬁgﬁ%l rééﬁg@o&'“febgtt r % gllldn 's{gllé%m Wthh improves
on the protein production process.

In a particular embodiment, the present invention is directed to (i) a cell culturing
process, (i) a method of increasing protein production, or (iii) a method of
enhancing cell viability, in conjunction with an increase and enhancement of
sialylation of a given protein glycoprotein 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
wonon@ss44 Thus, the tenperature shifts provi derar/us2003/040939

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 (i) a

cell culturing process, (ii) a nethod of increasing
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prédessris eaaompassed udnigiimd gultirirey leedtlcllgmiHich express a protein
D-gal act ose. Additional enbodi nents in accordance with
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dapwedrabual@omtdagrme@éus’ﬂéﬁé idtedairel At tHe @ndofltas celtanegl
and becones proxi mately stationary. Thereafter, the

precasssther @roaupwj peqie@t praduﬁﬁ ¢an be ebtaiaed e

In accordance with a preferred embodiment of this invention, the cells are

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
w020040s8d4s are fed daily. At the end of the cubtumSmg3/040939

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
tempatpdvegsupuctans it onpaar 2¥€. hnthei gaseisaif the twe anwreg-step

teRbEGHEe PUALEUAE hGidhaerien B BideRpbHiipr s Biated
to tHRNRES 8F Hicke dbwaivale @hlft%aﬁltérﬁﬁéﬁathﬁé 'PIﬁé’\éUﬁ’@re@%re preferably
ext ended protein production ase, which can include a

feq withtfaedingipeditrueentaining Drﬁ?dactgse:onamda@ptqr 6aatinyous, basis.

AR BRb Tlreflogt P Eeg Pl MR OBIFSL spsgpesive

loZéring dhthiehtenpasatsrebf theeculive at differénishRPvals eNPoF Mdredimes
shift runs of this invention, extension of protein

folloming g Brst famperadiarewitch frare atws near sgre taghanasar 34°C.
TR AT BB SR 8 e St
prathidtipn Iaunomemadwallmdlblght;anact qmn;dw:mebedreldemesnahc aoid
coisiEp! i Breliieovahiserinir SR Ihe REcte  ipsa methods involving
twéiok W@rﬂowm&ﬂ"téhﬁé%ré’éhﬂgro%rlhg"fﬁé cuftt‘.?lllrﬁ?@’ﬂrf‘g the

first tenperature swtch from at r near 3 to at or

neabtﬁ’ﬁ\gt %gé\ﬁfH ﬁ!ﬁaée Itc‘?ﬁtﬁ? aé ﬁr fro ggg od:aut day 6, the

onl eratures tion1s
cell dena&smdhamﬂulthreglmcp&as@ucas thaajelllsy.iré @mm:rdlaysrapfeﬂy Oiyiding in this
ent roduct is attai ned

pefipdon exppnential 880 ramBs et euatisre. i RBP omprolpassociated cell

cuR@irRy SRMPYSER HRUDENGH HcthSdY Me%eﬂwrf étgné %@péé{%tdﬂth.gg
run.” During the growt h phase of cel ture,

invenan dag sghifisaabatnouatsyofarotdie pr@@uuqt ade mdqcadrdurhr@ the

oril ey RFTRTES BRpiells EFe sl e RiZeRLonods2Rlophiare

grawthl comdittomse . THUS, tabfa uentd o&ﬁaﬁ’@n@hmﬂaﬁ@hé in the culture,
cul turing and roteln production nmet hods present in

theseplts typisally 8Nist & FiatoNaY Dhers PN aRPWidYE4 iodhtin mmfagold cell
grd;/{qgglé’lte%bg ald |"ﬁ%§'o ﬁ%&&%@nﬂ%{; 'ﬁ&?thSs tﬂé

in whic I'S essen y dax
pradudtion ghyase nnelgatsa/vhgm oell pravathchds essentidihwended (eag at about

cansequence rlent imtations in the culture,
day%&o Uéd?yaoéa V@W@e‘i a stationary phase on about

dayf 4eddtdBncd Withthé Buk@md rrf’e%j\éd ofA %etﬂérﬂéh%rﬁ@é@ment when

and/ or declines. In these cu turing hods
thepealisgieach stajipnery phagshas @bbebtiag Gmﬂmteomera@mm shifiad

do@ﬁvcvg% r%ln 4t & ﬁeeaq' 6(7%09(0 ‘at %tr naeg(r) gEPC. Thereafter, at a time that is
near the midpoint between the first temperature shift (about day 6) and the onset
of the extended production phase (about day 14), the temperature of the culture 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 typically 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

33



day 6 to about day 10). (Exanple 4). In accordance
with the culturing nmethod of a preferred enbodi nent,
wohen/ossdae cel |l s reach stationary phase on abortCTaa008/040939
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
thitch dowidh tarmeores caads emptoyedetliringdne axtendatkanodagion phase of
that @r near 32C. The second tenperature shift allows
FRYYE™M0re to stabilize cell viability, which
CUltiBh§ #héthods MWVoNvid§ $éddies with =3B & RPEEmBMAtiIdA with delayed
.erea er, an extension o € production phase
Qlig DUN®4 t o about day 21 to day 30 or

| 828@5? é’&@%ﬁéﬁ‘é’%%aﬁwé‘i’r@ 28*afale b6 oaf Rl g brocesses
AR %?oﬁ'é’é“s%”s"’ft*ﬁ?‘?%“”?gﬁ?’?’r‘@@ﬁ‘ﬁ?@@@@ﬁﬂ“%me‘“°ds
invohing delayedradsifiamef rolyanigris compraund aie cﬁm@@@e%m cqrpmonly —
I f
<SR orRHRA L0 ST fopvoL vl 09, LS Ottty
hepéwljmnh@nbntme;rpbwhtﬂ:h@r’eemccfrpbmiemblytrsferénwherem and are

AR RSB Bl uab ety A O BoGGrAsuIRRENd may be
usgﬁlulu cSM'bdetioﬂglef?beoeélacfo ¥ b dhﬁg ﬁ@éé’éé%@ c@%@%é&’ﬂe@m

pol yani oni ¢ conpound~ar e |sc I'n comonl
assilgaecbrpaneawitthbiarapddimebtsSof @erprabembnvarmon mvolvmg the
herewith,. t he .

d I
delgyg S ot QemtniclurRtit is sy H20. R Segtsy GifiRgpes
adaﬁwéwmoh@dam Stode baly edtad dittd mﬂe%enammnamhwhe

compound may be " used in conbination with
defsyedadshtiors @femlmgmpn@mwrmb@wemmﬁée@ad cqllnnablllty as
oo%ﬁa%?é&?dg%%t\g\lyépn}emn i heggé 8f d‘%%’ dgﬁ oPhS@?H onic compound, or
asfponyETEd id mamms@watl whep powlad&duc tbmppundésadded at

conprl ses addi ng pol yani oni ¢ conpound to a cell
inQaWalidne at a time after innoculation. The del ayed

add*r'h'ug”|n°c§né38h%%ﬂlrﬁé‘ﬁtctlﬁolﬁ98ng¥%%qm &5 d %ﬁ%tﬁﬁgring

cell viability as conpare at o serve
predessrooenpisirgtdiutudng @bspoélbsammlohlempmmprmemomf iakerest; and
onpar.ed .t o. t hat obs nlonlc ca u
SRR io st g o 6 g8l B L BB AN RRS e fetor
I nvwﬁas%bérsfdurfde(@b@ctmnpﬂe @?ltﬂlat%ém&awng & BRSsBNt invention
nprisin cul turing host cel whi ch express a

thepp@tcgnhc vuahthéy ekthe Qng:ulture |s lncreased Percent cell viability, also
known as cell viability, is the percent of viable cells in the total number of cells. 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 cell 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
waxenpls®48) that when carrying the present i nveariusmo3/040939

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 yanionic conpound causes i ncreased

cel IPQPyaimmlctcpmﬁomellSI inclug®i buttare inot limitedubt dexdrarssulfate

(el oY SRaE-Aiohe St A0}, o i latdn frofh sigma-
AldficH)t hepararpiafe (H\ﬁanableefrdrﬁ\ei@wa)&mdhéhﬁ'nﬁéjﬁegmdsdlfhté 1)

a cel | culturing process
Chpﬁdf%%swyte Havaitgble frpabSlgmeyAidTm cdgrmaten coliptei (@vailgble

SRR PR GBS TG TaTaREE o SR R eapronate
(avallable Bomt Signid- mrfyh? %olyﬁmmﬁs}ulﬁétép(ava%lﬁléqkdm@%QEAIanh),

viability of the ce ture i s 1ncreased

a@@éﬁﬁ@@ggana@@vw@m)&pmﬁlgw Altsicharanshswapumiailable from

Sl%@%w fich I}%fr:n&gﬁ%nbig}dé F‘éjano'ﬂ? §tvgﬁ |é<’?ﬂan-°r % ﬁ‘étgg SQHIGes, or
rez(adﬂ;mbtaimlable‘ thooudgh gmnsAdmbwmtb)ondﬂem{llam thel drat These

avai |l abl e from g ma- Al h), mannan sul f at e
CoRTRRBIATS eGPl BVRIABY InonT et alian gl ding i not imited
to QSHW 8éht %Utfn%‘é)?a(s%“(% b%&%&eﬁ"l ndH- Q%} ?%WA@Q%@BMC compound

keratan sulfate (avall from
indlycgualbfomes theeaadi inabiding bamdsiligrildModsliciloyms, such as sodium
saﬁm y(vinyl sulfate) (available from Sigma-Aldrich),
ppa carrageenan (available from Sigma-Aldrich), and

sur @sfericaVsoly aRbRicidopipoupide B oY Lifated cUh@p&ﬂfB%oiHE‘Pl?dmg

are readily available fromthe I'i Sted sources,
bug Batlimijedia: aiaxbraneswfntanh@naﬁearm@pamnmlfatﬁ mtcaﬁarssulialte

xyflon'fh r%ﬁgn %ﬁﬁate-rgﬁrc'oqan | ggiﬁlﬁj ﬁgalgéﬁ%%es{lﬁ Ia@ﬁc@@aﬁ%k&bmose

subaidi, rrarsahtsulfats, dﬁ‘@y\d&ilﬁlﬁ) stitates d€rmatanauifasd, tket@taAssulfate,
l.yani conpound includes all forns thereof

POV gted . Kapia-CRiTAge AN, @ndeauramii.niloss Reafored is dextran

R T e L

500600rRa. Fubficated, is lteptan rsulfh@pmﬂaa realetatas wqmghrttajssa(DOO Da.
sul Iof ba%Ean sul fate,, curdl an sul

cur I Bfcqpaited bth B8 Mo BowleRic Chiipui Riagdeg at a time

aftBRINRBBURMbA A&, it B Preddrit ih e [f)é’éeﬁ mERUAPARD nSUbIcaERS at
keratan sul fate, poly(vinyl sulfate

innegy|ion aRratrsabinthepelyanipaisicompaind isradded-estday 1 of the
oK TRy Wi FgaKEg gy s, By have an average

In accordance with the invention, polyanionic compound may be added to
the cell culture one time, two times, 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
wOonversssam, pol yani oni ¢ conmpound is added at aPCTMS2003/040939
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
congrpoasd nrayyb e addeld txltheocultune beédre, with towradicotiee tiddition of
Of]vvo_ti,mss, three tjnmes, or any nunber of tipes ,durinlg
p wlogﬁgemog@dﬁ ﬁ;@heyé:jqrtg@ qr ot dyring the spegified/time period. In a
pr%@?%”é&ﬁbb@iment%%ré’ is é"%fr@lé?‘ﬂe!’ 6Hé‘??ﬁ‘\é2.adbfﬂfﬂ?98fqﬁo°‘lyéﬁ}5nic

e used I n conjunction. That is, any diven single
comiehurico nngf prefeped warhadiinent eomeqolyhniayicicooipmimd isedded.

additi on of one .or mare other polyanionic c ounds.

" rith 2Py anB8 Sl o bverdiad pRRANRE Eapenbl T S 2ded to

RN RIS ST o oy AN BB i

y
but @i oahlinsites io, dlissaleatt swalencdisebived jotyltuie sneédiugs digdolved in

B TR e A S T

obr@ihganiresieealsi pslyasioniceddreduritHis] At dissdIved i Wwatdrhe
specified tine period. In a preferred enbodi nent,

t herl@ acgorglagea yYid the iaverdies, ppivanioniricemeauag is added to bring
nBSEEE I i SHIBOHORE 2 Bl BI I B T O ames,
palyanéomiic compoohydniadded tc ampoigsetratign be1addoomi., 1280 mg/L, 1-

100 27 0l Pytle el pRANTarvR $ePEUNd i SR R
. . . ! e iy
coPBeM\@étﬁfn of25:860 YEG/L! d(] ﬁh@@@fﬁ/ﬁﬁoﬁé‘ﬁéﬁbﬁaﬁﬂy ‘éBguil Snb 100 mg/L

eed nedium dissofved in a fum” an
or el 0dme/l rmare pleférabiysababtadl mgd. oPalkedutr HSl ;mg/L, most

| vani-ani ¢ ¢ und,i s added di ssolved in water. In
prg%é%%ﬁgﬁw‘?'.v\no?ﬁaﬁﬁ.@g/ilmventi on, polyanionic conpound is
addefl ateorahbg withnteGaVERIth id Slturd MAebe Wik foeardolefbth of
appropriate level. As non-limti ng exanpl es,
e

timpaffanadditien ebrplyangniccempednd.o The cuReenturaimenmay be
deée;rér?ﬂgd EPIO e gr kO THE lart k%g%ggnﬁg(elggagf?c?%é}%cﬁgd&the quantity

erabl'y pol yani oni ¢ co
andaquzditit ofaecoverable2pro?€in, and theolev2beflédhtaminatingoeediular species

pr ef er abl .50-100 nmg/L .or 50-100 ny/l, nore, )
(eSr 8@?@5@/?0@3@& 'rsﬁﬂer@vn_en%at%&ﬁu?tirmgﬁﬁvn%"%ét which wil
coﬁ{pﬂ’lﬁﬁfe?l’%bbvég@/tﬁe ?"roté@poﬂﬁ drestl N accordance with the

invention, the culture nay be run for any |ength of

ti min pattisuleacambodiments pbihgardllanilturiogppocass. arthmethod of
inccrggéngr; el l\J/%btllft)r/T%f i inplgntion, polyanionic compound is added at a time
after innoculation that is before the 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
woecssebl e protein, and the [ evel of contan RaTiUSEN03/040939

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
pheseentarsin theodgathinhaise thahip@bsanies! inddeabaence of the specified

r cuI ion that is before the beginning of the
aq%lq[o?\ %fl '5103 lﬂn%ﬁggboounlgr ef erabl y, pol yani oni c conmpound
I's audeitial aw&th%a@fatrﬁéy eﬁaWrﬁhquuhh@éath%)ha@érbég%s or

the initial a‘%rowt hase. More preferabl g yani oni c
th%r@rmamlb@ 3 steligaey pfmeu ofanyHengidderiweralt eumteahgfpwtraphase
r preferably, polyanionic conpound
an%l tﬂlﬁ'trl?tl BPM%égm the end of the initial growth

phaSl&a sﬂmufldembadimwm%fa pslips@turefie whidrothehiaitiar §wth phase
ISghase that is observed in the absence of the

pBLHaY Bdo dayit aushiher infisl daathaphiaseckegios AB.daynk in a particular
en‘\t?;Bdn'T%ht ?Sl?éhloﬁﬁz %éeati@%ase gth- ﬁ H%Z(;ﬂéé %%%%g%ltiﬁn and

ase re I'S ObServe
befdne ddysBnde aodpedifie smbodlhnemi palgidhionimcarhppmy mraduddafter

iRt 4k B B s dn e GherITc BMBORRRE: RaapoNiE compound is
adebatdenaey dahasears 6 aﬂ%’ah@ﬂﬁ%{’ Qp@&?lﬁ%ﬁﬁb&dﬁem'dg‘b@momc

growt h phase’ and the initial deat
cogsingiia aédﬁd@lnmyt‘} 5 ar &. drelothardpecific émbaediimemts, polyanionic

i s f 0 to day 6 and th
coh‘{bc{tﬁnglls%ggmﬁ Oﬂhag% ?B’é‘gsﬁégﬁ%&_\yﬁ |On gypar ? |ncul as
enmb dich e erp f diNis 08 IEX @IS BNthd ﬁz)aﬂs:h&@vﬁén |§0I§/aﬁ'6nlc

after innoculation and before day 7, In a specific
cogtpos@diie reded gt pdime after tomepulatianiandderiete dietkaginning of the

mdrl)éo\lrli%%ﬁlji\ ghhgé' Uil r%kgﬁas%argggdbaebéﬁgﬁaéﬂ gagcgquﬂ'\a%ﬂkl growth

nic ‘conpound et ween
phheear#ogn’mnh gpase that ieekietidedideyond|ilyeititaliggowttopipasatas a

|sadedon Ei_l% ot her specifi
anaﬁwah@'cqﬁp\eﬂ BBRYR U lores darnutheroramahphase
obgéb(/e@ in ‘Pﬁe QBs@H’éé & adc?mcgﬁléf ﬁ@lgﬁnlﬁﬂ%rﬁﬁ%@xpﬁg%lf during

d 12), that when pol yanio compound I's ad
tth ew@ndw @rowiirpiiaseaa htglneapeaberfethl@ cehdebsityi isrdahigved than the

pegk Fiahe o B stitNeRr ot Ol OB FhaRl o 1

phageushiatothsr @mb@amtbem@ndvérh%rﬂ iBidifedtedOioqWh B deasfturing
has a Ionger duration than the initial growh’ phase,

process, aighfdra PrRgess her grtengingthageowth phase of a cel 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 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
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 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
wohes®sso4li gher peak viable cell density is achRCeEwWs2003/040939

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
prQ@Sszov\/aXtelmdmgomegowfppbam of afcell cubtuestompnsingdeliltuging host

cofif W] GuBaF STTale: AL 65k anghastdlng Boaglark fyfgpund to the
cell althd Ay #rRaddropbars of"tﬁéﬁrﬂh@l éfBWWPH%?h‘@%@ﬁ" ih® growth

extended. I'n nore particul ar enbodi nents, >
phiage énexiended. dn pﬁmrmr@ct(lqoeraboéimerda|the1mvngtnorpns;d|med to (1)

h h, ph f
o A TB96E8, B B1H AR A BB G e of 2 con
cuauw@ﬂﬁpﬁsnngO@mtumn@fhdsﬂb@ﬂ@@h.chaé)q)régéiarwotemobmafér@m @and
npound to the cell culture at a tine after

a FjHTSbFéQlV%\'ﬂ'PBW qararoynd wiheegll quiere an tqralbogt Bt engpbidbe initial

g%@ﬁﬁ% %&%%Eﬁﬁg@%%e ?éi/een%ﬁier# Psnglrsect ed to

(1) 'I'/aleogabl/vth: pha'fm ey lme;s oxtensed aﬁldalﬁ}Zbeﬂ?&ESf e beoyllond the
2004 44 PCT/ US2003/ 04 939 ocess for extendi ng
dupgfionef otﬁfnmﬁﬁhg@%tﬁp asel BYWAY O & Rigrandy.rige growth phase

t
ISR L 2D 0 1 ot e

I'nterest; and ad
Preiﬁlrablyethmgrpw@ phesea icartended foraine tremiore tays, rgontwwl‘aferably

fH e' vvhe(rjenthe g HI fB @éels ext ended. gotherbIf

0 &’rot‘? COPL days SRR RMELTRRY TPHTERE 05 MGTe qaYPeRiosy Pcierably for

fodrldr mérec@hys. For tetbhipde, B E@(ﬁﬁﬁole Gﬁﬁe(g%wﬁh PhasER xS ded to
ext endi ng the growth phase of a cel culture

day driiprheiiene iaitint giovwily Phase ls:@mtn@lamﬁ chhesgn ds@mple 8 the

orifty abeShas B 8rlonaRidor S8 BeRBNI R ik AR Myl
grgribvwHagehabies exfeaded grova ghasst ﬂnaphmmdceedw @Iydaedeath phase

The growt h phase be extended for any period

or by e NaigeAn RRS®. daettisednGimiiRECTPth PARSR Fos he SHaaeeded by
grow h phase my be

a%ﬁtmggéfogﬁ@éﬁtlggéﬁg pl‘{a%r% 2-9 days, for 3-8 days, or

f or ltdtasuvedn thaysl. (se@rEe@mpieS § andch2)g trektwherhpalgamnisnic

extended f.qr one or nor e f er abl far
coffios B a2V 8 (P ABEpBRLIaHPY Shotb i B Hegiyitho of the
initEgRatiBRAs&tAE ekl ¥f therdedt9Bhads nﬁ@y Be @i@}éﬁled"_tfé”yond the

exanpl e, in Exanple 6 the growth phase is extended to

ona@tyofmemaabdqaia phasei 8. beyend ihe kaset ofthgrsigath ghgss observed
n 5B AP S sl BBARRPASAPRE i S fbee
onpdids elelalieel lsodiended lgepiie thhasies inallkratiphessled by a
deall'nug,higsoether embodiments, the invention is directed to (1) a cell culturing
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
webteisiosseny phase. It has been found (see ExanpCe&as8003/040939
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
corrhmrie'mgedultumng hestadsdle wdcho Expriess adakiotéin of afterest; and adding

poariitiSHageRedRs the pef wiiRlh A BIREE BE Hhactiioh bt i during
thé’hﬁ%grcﬂ'\bﬂhsphdéé Wﬂé?élnﬁtﬁ@‘é%é%ﬁtﬁe ddah bRYSDkd 8&(5‘Ia &d. In more

directed to (1) a cell culturing process, and
paﬁmuﬁéﬁnbmmmtsamm@veh@om@adlteommtm(1<)fa eelteulturingl procees and

I | |
(@) BRiceRS I o b O et bndsd o= BB S i g sitturing
hokPcélfavisieh IexﬁkéstsUé BratbindoftinteRef 4%d aUGIh@‘(}ItI ?ém@ﬁlctdwpound to
is before ebelnnlngaof the initial hase;

thenpelt elllfyire siripgdbe secondbali@ithe inified 9rowth @I@%@@\dwemlﬁ the
ongBIr ?Ilt gr"I] lglﬁéadthﬁ'ﬁ%gg lé@gfa edt h?o{H?a\f?}%%qﬂ%n‘ ém@%é?r%rﬁg the

turing process

invieption éd dVecﬁgdttha pleatss fUraktayidg theC@deéthq:LHats@rcﬁ a &4l dture
2004/ 058944  PCT/ US2003/ Q40939 conpri sin cul turing
CoRpEIEINGe CHEUR Bestesals a@yc@ewr&ﬁé.wreiem o égesst; afiadding

po%ﬂid?ﬁb cBRbYany %"tr?e Eé’IITP&I g o'i'loonidﬁulfnﬁ eh eﬁH'otf IrgtIIaI%rowth

time after 1 nnocul ation t I's
phgse),\/wlhlerpimtl'@ omtmroélthe db&thqﬂm |sfdeld){eddeat h phase is

d I I nb ts th
' e dinefiof Bieras At miadt ik BE iRy S Tok etk berifi & hisse. By
waﬁ_;’/ dfrex@ffiste bAly, @I@é @Méétg)fttﬁ@ dea ﬁn@&@ﬁ@yqje éel@?éél for 1-10 days,
Ccul ture conprising: cul turlngayhos

forBicays, tor Srodays @tfor abewtds %mBl’%fétﬁhm tb@wmat phihe death

or SRR ol . S Bl e bR SEEEP by,
mOrBIﬁref@lrabI?mhhpémeemdﬁe delayadst preferablrfopésdrictuhaie days. In
enbodlnenﬁs the invention IS directed to a process

anpihier gartigiarerohediant of firacell eltuge gapgess andmethod of
mc‘f«%@?ﬁ%} §éf‘?rabﬂw BWHeWHvé‘@?&n &@édrﬁeﬁf‘%w\‘/ee Biy&Ronit compound is

prote I nterest; and addin 0 yanI nI'c compoun
added iahe tioed bftevinnocelation cbInatab durmg Ihlee aitih| afeatthphasé.t i al

dei Bye SetEebRddse S Eram e S A e P RO ER &) B
cofPounys a@aé@auﬂﬁ%&hérﬁm.ﬁ)deawwh@ée qHaRhEh phade nfa'?/eoe
onset of deat hase may del'ayed for 1-10 d

arrpgted2- 1o Gﬁ?%’t thfeoiea@h ghasg seans tbatopfonsosiedegrind of time, the
el B ol PBoRR B lob 8168 Bt FPel B PG
coi@yand. The arrest may occur immediately following the addition of the
polyanionic compound, or may occur 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
woaodasiosgd4ar enbodi nent of the cell culture proeesasand040939
method of increasing cell viability of the invention
descri bed above, polyanionic conpound is added at a
time after innoculation that is during the initia
deat h phase. It has been found (see Exanples 9 andl0)
t hat when pol yani onic conpound is added during the
palydaniorst cdewoinghadiee celheulieratat gofirasaluniag the initiak dedtie phase;

To arres he deat h phase neans to stop, for sone
Whetel eé% h Rhase !?ea'l?%§€5i ne in viable cell density
obs &gk dtA pqnlageaﬁa;faé%r@fstédﬂfor%wggcﬁr%ecﬁfﬁrﬁ@ Flte Qfdlath

conmpound. The arre may occur i ately follow ng
phalse iatkteniesed.dBy wag of mxagyie onlye theodeathrphasermawye arrested for

1-80 Bl Jfr 20 o orly ot o B a0y Bl auceteaty

phasglighireBRidfoPBAS &r mdreedtydahiore pPdfefly $&n t48 or more days,
culture will again enter a death phase.” Thus, in other

merienyefarablydor thiee ionmareidaysi mogt pedersdly tor fayr or merd days.

Ctf 7o, REBE T oeg DU steRE T TR0 S350 Al b tocar
decradsssiinthéoiableedll denditydrofislictweecn tRbat@tche® of constant or
. interest; and adding 39 WO 2004/ 058944

ingsegsing Miable 62lh989sithol yani oni ¢ conpound to the cell

wher Lrpiifes 81 EoRufite fiBctctes, BalcRlart/ Tl o g fbus progesses,
areraipublly imited by dhé cemaimingreinbledcedif dérisity, wailchrdeateasds during the
SRl o s B TR S s S
D1&Yin§ tH& d8athSphe, Erﬁi‘lucﬂn&%xf@\)ﬂ%g ﬂe%@%%ﬁgsé,h@s AeRhhs

phase is arrested for one or nore d .
pogsiblas lgirgsting the deathagphasss is theysfore desicale e Peodinttyquality

copBhrsFE oAb SRITGRE roriongRaR B0 HiE ekaiflofise as oo
deatitess eglehde biapdasst to the.culthry supeiakt," WhieB may reduce the
.decreases in the viable cell density profile between

sigligcld pentental e Rielrin aiprespedi fiepiels pudficatiap eongems offer yet
anGﬂ{é?!rﬁcytfvgﬁpﬂ b Gaﬁxﬁégg.&eelr}es‘ﬁgbwé BeBiPSf2sE: The presence of cell

particu y non-conti nuous processes,’ are usu
debrisianddhéygontents efrdéad ngllsinabeeultald cale negbativelyirhpéict on the

abfiECHoTRR R gt Pubtinedtions Braduch 2 fesend gt the citing run.
Del &y Eaﬁicbféﬁ e%’@éd?mféﬂ?s? @inyidIGhé glbgkgn-%i’é‘séﬁlgé@ dell Bﬁlt%rg

growt h phase, as nuch as “possi , or arresting t
preRessas heddng two pherwe dempaeaiirashitis ardanhycef thadiarein-

de%?nﬁlﬁée:c{ Ff?g Ilﬁcgjltg@%%oc%ﬁgg%?n‘@ivihgggp{a%g/eg eald%Ytior}lgofo ;5olyanionic
compound are used together in a cell culture. In particular embodiments, the
invention is directed to (i) a cell culturing process, and (ii) a process for increasing
cell viability, comprising: a) culturing host cells which produce a protein of interest
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
wohod4vssgan ot ei n expressed. Protein purificati ORCT/US2003/040939

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
temuleralu'rengt owumearl32°Pastaitingl aAvout oy @ toedeys14;anyg (df addiag

herei n-describ ure rocesses involving two

poiinie ComAsuaa e cof Pubiteial Dipeatiar msiatn

des ahiaNseHibhier eflbodfHet i PAERPROENIGY R HidMed R aXad

addi ti on of pol yanionic npound are used together In
cuiudiey prmﬁssmomprlamgndelayedl laddlt@mhﬁthmmmlc chmpound as

S W BT B Bl Ao BREEEE
anotHB paic@ar nbebliniarti e &@%bnﬁﬁbéﬁhdﬂ“ls@lré@fé@t&?& c@ll Il culturing

proteln Of I nt er est at a tenperature at or near
PreeRRs CABRERING dayad@ddiionsof patganienicawmpriindsas daﬁcrfhﬂd

ab%%ttd'\%g 8%@1’ B%méc??ﬂﬁg’ t éﬁs g%%jﬁggrﬁ?r & glécg of dhf%eccilng the cells

witheDretladtose. Thusrinregdrtiddiar ét'rﬂ)"ddlt’ﬂgnﬁbl%ltn\,@ﬂﬂoﬁ id Qiréle¥d to a
agai n | owering the terrperature of the cell

)
Ceﬁﬁuftu'feepr&ﬁaS%mrttbeu yqtiencd|aratein, comprising: caugg host cells

@%é@?ﬁgf’ (%out %@9%524?8&%%%%9 Fgﬁdi"ﬁéag th teHow for

prateiny prodoction dem:lmgrttietoell$ hﬂihdegjalMée;rmdaadang pmglamonlc
[ n a particular enbodl men

af ter in ul ation.
BrRedigg;to toith &Rl CUﬁUFesatcﬁ fraeaiterdnacyigdian. @Lﬁrtqw@r@amcular
entBiPeht, GRERIVERHiBH |§|8‘récyt§9 t@@ddé i émtu g%ﬂe)é@rfbpﬂfegvroductlon of
compound as descri bed above an furthér includin
proteisdicomprising: eultgring hhstmqijlalmclmpmduqe a pmieimemf interest in cell

oL oS e, GRS e st ot o

a tempryedraddbt hear I CPahdedoMditoreHMPIIN @ tafie pesietithedallow for
above, two or nore tenperature shifts as descri bed

cel gauth; sHkﬁurffwetﬂierfge“ﬁr?é aceaqosd tamperaiLg Rhet pey, 34 Ry sulturing

thé Eeli’s Qlaé M f\’tipe%mg 'aFBPBe?rt @@"dﬂ ff¥8a‘.hg‘%ﬂ? cglléjw HD-Llactose;
Uré process for t

andramtchngwpokyanpmmmgpomd tamhel'rgellkmﬁtlur@ at hslmef\bftehmnoculatlon

D oduce a prot ecljn of cLigIture u de_

l SR RIQCE e &L

aralei
the Iﬁifﬂé éult/Mrﬁﬁ% @e%bé@n‘é%ﬁ}pa%@gd %@qhﬁg @%MWé?ﬂl'oﬁ the protein

conpoun to the cel culture at a'ti
produssdtvathiecells lis typicad i eollgetet| mﬂoaereobmﬂmledeand/or panfued or

cubUIAER 5 8 e S e M cBL S5 Py

isotetldrsanvdpafifidetiot e thaddBra@ti@iohrPand BPaftfti%éH ih e 8H! Preferably,
culture under conditions that allow for protein

dlysppeaieinitbat isegcraipd iigm He adltred gells isisolated from the culture
medium or supernatant; however, protein can also be recovered from the host

cells, e.g., cell lysates, using methods that are known and practiced in the art and
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 lectin
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a tenperature at or near 37C under conditions and for
a tinme period that allow for cell growth; culturing
woOher4msgd4s at a second tenperature at or near Bd©US2003/040939
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
bl@uﬁegcweﬁlmowg immadsrwﬁagmﬁmw teh'elnai eE@mose or other
nvent i,on r odu cel |
ot BUtP g gplBeeRicer o Mgt HRongy v &, Skiglrsntennary
ollgbéaédr@ﬂlde%y s@h’cbéé@@*cbﬁ'ﬂe&bd?ﬂifrmfe'd refl’éas@eéﬁ diRfdrs frbm the
the end of the total cell culture period using
proted usmgrar&wdrcm hydraame@m emgymatis na@thladsmdefraj:tlonatlon of

oBEEErAE ek Byl B Bbondd BUPLRbdantY, LERERARA 1 7o

chibv@atagraptiyg orriee etiodsuner al\@al-knBANGY efe afr ot ei n
can _al so be recovered fromthe host <cells, e.g., cell

| ysathesp! afdhaglyropreiain eatnglsahe mseskrash defrraandcasteritreatment
wilH& lﬂﬁhdﬁlgi se 3R Femc}\}%esrlalﬁhe?&% bad RElAWe ] E? ucg@l@y

car € Cco coprotern pro

nal.ﬂnaﬂﬂlrmaxmtrealsn@ﬂ mdhcstesmheptesymeajf diedlicr aidis oeltlye
anal sired, by conventional techniques of

Sl Q?@nggr%.%ruc 7S BIRiGAllY OCCLEERAN® GERIESIEHA Pigtein as
N hﬁl@éd Br éﬂlﬁﬁ@d@ﬂé%ﬁ% NSRS/ P83k Fglc%tr%rﬁ%irates

known in the art, reveal proportions o
dlfif@rmmB@rllwln ﬁlmlea:oresijlgmtgesubhhrdeeo@glVa«xﬂ;;dﬁmn refers to the
et r a- ant ennar

aubEheOTol i Farehiiata Moletydaoioithe LESR GPriAalts mpicue i the

pefpﬁblé%ﬁalrﬂfTﬁél SRNirked @ifbbMRIrafisAIPEShiHRi A8ommot VRIKS -6(Man1-
M)f/idraZI ne or enzymati c nmet hods and fractionati on of

ngosKeleNAchd |bDJA106rR eRtshalngriuteh vdrae &Y inalbits/ corei structure

h h
o SERHS AAFAloBIE AR pei i helh D205 E B irocucee
wilkbsotareanegpafaihe-Xeddrire, apgariiry-Xthesdnimatandbsghragine-X-
neuram ni dase, to renove sialic acids. An increase in

cypieine WhakeingX isialy aming aeidexcephpraling. i ndi cat es t he
&fg@ E&Strg%téﬁ R @é:rbgﬁyfd;rg’ltetg;?rle%%%&%ﬂ%& pK 2 common core

structur y OcCur on
strextwe,swleldh s GadiNAC astached totedhydrokyligrolgedf a threonine or serine.

d O1li1nked boh
O REIT HET Q-fien CabPRy IS, 4% MasiraRORD) ATHiBg complex
N- %ld&@ﬁhﬁ'kébl'd&%élﬁfo%t%st %Jchecon%lbi‘%a%ﬂg/d%teé R®ntain several

car bohydrate noi‘ety via to an asparagin
anteriady strueturess Thheprorde, kikdrin, arrmetra-l Duteas@tructures are

mE SRR F3ofor of Ririnel s ERET « SUER GLtrdan fevdures
providé Rdrsadeitichat 6Ites fHtRe specific sugars and linkages that comprise the
carbohydrates of the protein products.

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 usefui
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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represents an asparagi ne residue. The pepti de sequence
of the protein produced wll contain an
wasperoagp4me- X- seri ne, asparagi ne- X-t hreoni ne, aa@/US2003/040939
aspar agi ne- X- cysteine, wherein X is any am no acid
except proline. In contrast, O linked carbohydrates
are characterized by a common core structure, which
is GaNAc attached to the hydroxyl group of a threonine
or serine. O the N1linked and O i nked
HRAELSRAB: ahiah usehaehig’osch aniparexghange ehtdmatgngplexto séparate

ol aS BasRt Ba R IMEr it e o e aLC! BT
mbfibsacchafde t8inpdsitioH! @ﬁal%l&%wé@éuéﬂt%d eh%ﬁéfu@ﬁ‘gefs%n

the addition of termnal Sialic acids. Such outer
chailf agditiger medkodpiasveigasingroligadacchatidessire &nofuranche

orB 0TS o M T PRS0 3 cBOTRER B e g v
coﬁﬁhbﬁlpwr@trm%dm@seﬁfwsN@?c&é{d@éé/ﬂ@h%oagbr&%budébe 2) B

the art. Several are known in the art
eligligalinnmethasis, aaingys hershralkaline epdfonimernitrio release mainty O-

iR ST AV e PRG54 BB W Bine to el
botio Mearsd O- me@roltdm@a@thmcqman ¢l cah troh&tbrived G€ing the
olﬁg@duced tide. Methods for carbohydrate anal ysi s

pgistens: cbnRiRlYsis AT e samplecagninsicipionired Mateo remove all

e S A

WitHPAXRHG-OPAL hy%azimeui%asTfeegl;ﬂmept—bhmeonta@X oligoscharide chains with
R AT OME RN
dmmwamtaﬁtgaﬂ@w hhﬁgg@aﬁlpamﬁé %Lg%d $e%?05f.z%{uon to

enzymatic di gestion
yiglé peas)- H@ﬁ@ihvlgdsdaneﬂhalrglae@sldw ﬁn@ﬂpaaatcbn of these cledivatives by

ca&mggfﬁ% QJ ']@ 8@%%&}%‘3@;?@% e%rii)anCZIgzgll o?umnt '} OIaén’uflcatlon

of reNidde-diy @sideoaé iaa e s byneeentioBl aings Frof BRsSeLC2AndPmass
el i mnation nmethods, using a harsh al kal i ne

Spéﬁh@swweﬁ@mpar%mﬁwmaﬁaﬂp@r@ 8. Ruaatigeation ofriadividual
deﬂV ease bot ﬁ/ﬁb\k hbegﬂéll né’gad]&ga(ﬁgg(g;c%gppgég&& 1O

Anall\L&mu:tral aad a?anpeugars@w bsidetertriieed b9 Inghé\pe@oBmame anion-
. Dialysis of the sanple, against deionized wa

exhapgrctipmatgyephy aase AR imiass SPROBAING delpelian (HPAE-
PAD O%%&Wat@fsyé’ﬂéﬁgblﬁéﬂggiﬁf hgg lﬁstaflﬁg! ﬁqag%"tctaﬁ be released

anhydr ous hydrazi ne t'ment
by dydidgsie had Yed@/\) Hefluroacetic acidlay dOOLS fored hand. | dy#iolysates

Al S Mo A R g T
RegiduéRsare thePaiss¥RiedZAt1o0BolidM acetate trihydrate solution and
analyzed on an HPLC-AS6 column (as described by Anumula et al., 1991, Anal.
Biochem., 195:269-280).

Alternatively, immunoblot carbohydrate analysis can be performed. In this
procedure protein-bound carbohydrates are detected using a commercial glycan
detection system (Boehringer), which is based on the oxidative immunoblot
procedure described by Haselbeck et al. (1993, Glycoconjugate J., 7:63). The

staining protocol 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
wgaso4losgpsie d chr omat ogr aphy (GLC) on a CP-SI L8 eorwsm03/040939
7. ldentification of individual glycoside derivatives
by retention time fromthe G.C and nass spectroscopy,
conpared to known standards. 8. Quantification of
i ndi vidual derivatives by FIDwth an interna
standard (13-0-nethyl -D-glucose). Neutral and am no
prctaimas dranasferss ted poiywmmgﬂd@ge uuflgbnpemfembmmemateanimf a

niteUBRe TP BIF pIPARS BENS R SPBIR, Saeviag sewim
alb@n‘ﬂﬂ‘?r% 16QhR Tris GOfier. PR RAC Wlthsd’l?%r Sodigi é}ﬁoﬂ' &, eB%?eQ:tlon is

y hydrolysis in 20% (v/v) trifluoroacetic acid
caamutcyvltrﬁamdrgpxugeylm ahtylmctl%hnlmcbwtth@n alkaliee mosphate

| g

configRtH At 8ot Hob iR i 31 iRt 8ing using he

phé%ﬂﬁé’cﬁ‘sé‘%@bﬁ?ﬁe‘é r4hﬁﬂ3’tﬂt§@tc§t?&2¢hhﬁf‘crﬂ6ﬁﬁe @Oé%z@ﬂvpé\"@ﬂ-
C- AS6 col um ( descri bed by Anunul a et al

braxnat4 chigicdtirgay)-phosplirae-R83Ye. (WAV Y ier rad mbeTyis buffer pH 9.5,

oo RS 8 TR A SR LB i RN PELOAPIBE: TE ot

bad@t echithing catbohyaritarirs iudlialy Vieaalizedeih elou@n0gy sibafinutes.
(Boehrl nger), which is based on the oxidative

dralecrssesiaiedudBmraien 59N Rlsadh®apRlyaed By digestion
wﬂﬁl&%%de%ﬁlé‘é%‘"ogmagg eAéoc%rﬁl?Tg%)th%s a&%oe&ﬁn‘%‘ tﬂbqg idue is

protocol conmen e “manuf acturer 1's owed
susperefdd et pit bea bﬁﬁfe\l‘@oﬁ%ﬂh@@%&% g0/ t&?rmwe@é-%w
protein is transferred to a pol n lidene difluoride

m%@lﬁpﬁﬂ'@q%sﬁoe@aﬂ Bhoﬁi’hqﬁt $.808M BPd e atbl?-Bnand Agatarkat
10?%@% Sl‘_%ll?u%fse te‘F‘&B 5105'{9 Yérﬁﬁa@?un‘é”}héaémploéﬂs dﬁﬁ\/lded into

'S bu’f sodi um ch
twdetaak pants. i @nemn’lr MémbmlstnothdathurtMrgsmwgeasra control. The

ot iy i rhgur 1% e Asodebrdad FRRYSH By the addiion of 0.2
unfeslbf gésﬁide%mL@V&%g&Ft(B@ehmphBbﬁﬁgamgﬁré%térétﬁérmed at 37°C
4-nitroblue tetrazoliumchloride, 0.03% (wv) and 5-

|
fortg bwszanshnh@n@r@lya@ddw SpRoriacylamidggel alegirophorksis.

ohi B paatdh R il i nenfibE Y A edr Sl ol Pl assessed
by lBandentiorall &idthods. CEobekurepil ialic acitbedt by s\epauﬂélyzcwﬂermlned
|n about 10 to 15 m nutes. Carbohydrate _associ ated

by difech Calosimetta Mainae (Kao zhaly Yeas vy ek Beeheah 11d-832-335),
prétfﬁgatﬂrlygglslhlgglllﬂlﬁ%% gé‘ﬁl Iels. dﬁﬁcﬁtﬂ%fih‘%@%«?@gf Elhﬁ? g{:ﬂc&’éiéfrﬁmatlon

susp
invobesdhaiusg d tma%ufﬁla&ncié;cidw Bal aas desariqeddst Wearadn eO8l., 1959,

J. g%'/,pgﬁg,%ﬂ %t(ﬁ‘ 1 9%1(?1 é% EQTe-fA éngﬁ’uep ge%hgd in%%?veg%ﬂéﬁ%e%tormance
chromatography, such as described by H.K. Ogawa et al., 1993, J.
Chromatography, 612:145-149.

llustratively, 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
techniques. The following procedures provide exemplary, yet nonlimiting

purification methods for proteins: separation or fractionation on immunoaffinity or
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100C for 3 mnutes. After cooling to roomtenperature,
the sanple is divided into two equal parts. One part,
wohomsss4not treated further, serves as a conPCoiUS200B840939
other part is adjusted to about 1 % NP-40 det ergent
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,
l0n1eXCRARYS eoluping; eﬁ'lﬂr@rhpreﬂ'plta’ﬁl@ngrwm phasen HRL&uct is

N e T A AP
cmoﬂn@tdfmﬁsm? SBELRAGEYatrebnigm sulﬁa?é?)re&?ﬁétionB'g@Phlﬁ%on

179: 332- 335 prefera ly using tri e sanpl es
USiGthter@s Seehpgex 675 S\emara@e,opr@éeuermemaroae chroroateggaphy for

reb@r ragﬁiee uﬁé‘él%@@g%ﬁ‘%mﬁ%d ﬁg}g I1k%39ﬂf3%ﬁdqg{%§b¥uch as

prbwasenmmb%rsrtetgj OEMSFV 6l yiteinhgd Ky @b h W @erEto inhibit proteolytic
chré)éy[ato i such as described by H K awa et

degjrac 19 pur@ma@ﬁﬁt MIHWH@_[Q’EOPA]H)MLU{@ skilled practitioner that
pdgﬁné?‘@éﬁ gﬁa’rﬂ:{ Iéégotrl X v ES@@E?{I&é Bf[ u@é?% rb%ﬁfg?%oo ications
whigzila; latlewifzr dmngeﬁfmgm pblypepmi)a/ expwﬁed luda@ddrabmahﬂ}% irfeall culture.
ce ebris. The des eptide product is )
THoSg R piRieuERe Wkl SelRCt (s Aeanb ATFieg a7 emich for
sidlicQichd Bfe QﬁﬂlcQ@rlfY/Rﬁ@Fe'r%s ey, %H%)&‘:'%ﬁ Q‘ébftgde%ﬁfd?ﬂatography,
t echni ques I ow ng procedures rov
or &lfip uaing, cafien- abanioniexohgngp uesins clatwitioh tied eds abistic

tjon or fractionation on
fraﬁgﬁ%@gﬁ m‘ﬁ% gerd' 44 \WD 2004/ 058944 PCT/ US2003/ 040939
Cellenpmt@lhawel aeilldumnes et hanol precipitation; reverse

?e HPLC:  chromat ography on a resin, such as

S| | iR the egll %léiiqférpf%&ﬂﬁﬁﬁ@é mebpds oéthjs inveatien, the cells can be
f

A PR TR B SR BB e, RS P8 media s

covarijonddlp lkaowsuen thos atte|Hmrbxaaml\@,rthsen@mbd§®fr@gbpﬁ&able for use
mrunogl obul i n . cont am nants; and the

W"ithﬂ@e valhme éﬁ&ﬁl’? Jadntangdyn gl CMtHf%ﬁ?@'qrﬁhWBlohdi%‘ be
subﬁle%enté’cﬁ/ﬁﬁthq{utﬁérﬁ%%%n@latﬁﬁ IliQe U‘%%ﬂ chﬂuhrﬁ‘gf‘ h@cﬁtlxrp” (also

E%do;eo ytic radation durin purTlcatlon
ca Lﬂ#die'f%ﬂmtﬂ-l )g) is RdegRithated updacstood bydhe pImItltloner in the art

anB % KBAA. 0Pl R d oo Bk SRAC By pomer o
marhmragaﬁ celis,tdre polvd ReBtIseh @éﬁé%ﬂ@%ﬁofn@é@@blé&%ﬂbhé drtnore
cel | culture. Those purification procedures that can

comgepentstigpmdhe 6@!%@% a8 enedoLaeyIch (Bavallysndhe éorme ptia
catgvg)flygﬁité IsGEh & ac%n’j]&fs% heqr ee?agamlﬂo ?lgg Q@cgg&gr% ly the twenty

omat o using ca
basiniwninem@msrwaae, vitanine @mdidreother ergagictdmpounds

typically required at low concentrations; lipids or free fatty acids, e.g., linoleic acid;

and trace elements, e.g., inorganic compounds or naturally occurring elements
that are typically required at very low concentrations, usually in the micromolar
range. Cell culture medium can also be supplemented to contain a variety of
optional components, such as hormones and other growth factors, e.g., insulin,
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 cell

culture In the cell culture processes or nethods of
woOhom/osspsent i on, the cells can be maintained PATAS2003/040939

variety of cell culture nedia. i.e., basal culture

medi a, as conventionally known in the art. For

exanpl e, the nethods are applicable for use wth

| arge volumes of cells maintained in cell culture

medi um which can be supplenented with nutrients and
e. g hadéndmne ﬂhprrﬁ@hbyhypm«ahthlmj;l and prigeineghdigsueahgivolysates,

hla "cultyre iIs a termthat is understood

e. %«y @'»ﬁﬁ&cﬁtmmabﬁ@te'mpﬁﬂ@nsrqr Pepiene Sixdybem Which eqrepe
otkdindd e thaipHod s, dLHBU AR oF piahl Fidio g antibiotics
e. gegenmlnhwrprand calbpratediivastgeois eog., ad?larom@ppkynb(ﬂlsromc F68).

e LA S FIEB R Sk Bt Bkl o

inGearRMtd 81 aﬁ‘imeﬂ%r@ﬁi ds, and generally the twenty basic
am no acids, pluS cysteine; vitam ns and/or other

or g#¥§ i§ apmmate@@oy eraalltiqnare@rumaé@r ararmhoalian cells are
o RGP B AR sl e b A BRuPb R B OB whicn can

becdutpAtinGs [y theasdrsah by skt #ihel 24 withe U 0h&ue BRB&riMERLation.
typically required at very |ow concentrations, usually

Commerealli 2yailableimediange be csilized and indudedin axemple Mipimal
E&%nﬁé’l%é@ﬁﬁ?@\ﬁéhﬁ %l&ﬁ‘nﬁt a8 N Rid b tHar?mfs F‘P@M@#ﬁ% (Sigma);

onen hot nmones and ther W act'or

Dtﬂb@:qos NMelified, Eagleamﬂ;édauml (DMEM, Sigrma); I@PWMf)aﬂé@um
cal ciu nesi um

Ser%n}ﬁbr h tgg" é@@%ﬁ?@% F@Cgoneﬂm ﬂdtﬁ@%ghawa"y-
deﬁﬁad?@:@)z%ed}ﬁ H%Qé/f %dﬂ@?ﬁ%ﬁ ﬂ%/pro?el , £9.9CD-CHO

adenos | ne, hypoxant hi
Medlem(@mty@gm y@mmd CA)g.To thedodgoirgl eseinpiary meﬁle can be

adBR e AP plF-REBHEHT stlte e iany dbrhricits S ingffRb & fhotuding

opfiBh&irdoh bone’ﬁlé | |hla¥ipr@;§nate %oﬂeent@ﬁiﬂr\%"ﬁlﬁérﬁouﬁt@d a§@lkbessary or
protective agents, g. Pl uroni c poly (Pf uronic

depgy. andbpg ol ge |k§0wncae'ld priggtieed b&srﬁhmh@wng lirathe &rt using
ree and free of products or ingredients of
roﬁ‘tﬁ{eu% ‘origin. As is appreciated by the practitioner,

ani tmbdditionmposthtulaure cehbioas guitabietfor #ib rin@tra)dmdithmpresent
SU|tabIe f or beln culture

t | [
iNGIRER 268 ANC3sethab Rt PRy By ﬁ)ée ahd Kdeh Iekphioh: feeRaich, or
coﬁﬁﬁudﬂst MIngrBN%II@X\D% 'aff@ﬁ‘ﬁc‘rﬂ b2 Bt p@% %'b@#;{ 8.5 to about 7.5;

avail | ia can be utilized
dle@ﬂbnepl axygrhnOaple.g.Ebstyyaaradbdui - Qﬂ%(dMEM s&iugation @1d carbon

dio&?djei ECOQ{,D Aéitaﬂ?orn gncllz 8mhl/glpyl, ynmaék%itigtq% ;temperature. As an illustrative,
yet nonlimiting, example, a suitable cell culturing medium for the fed-batch
processes of the present invention comprises a modified CD-CHO Medium \
(Invitrogen, Carlsbad, 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
wOkp@dlosseas Logan, UT); and chemi cal |l y- defi nedp(©DE2003/040939
medi a, which are fornulated for particular cell types,
e.g., CO-CHO Medium (Invitrogen, Carlsbad, CA). To
the foregoi ng exenplary nedia can be added the
above-descri bed suppl enentary conponents or
i ngredi ents, including optional conponents, in
anghaico? e 4 grawacdraurdve Mﬂi@nmla@ed)mmeraeown@lagsrsmlw reor
uId be, known and

SUFRRPRER onf b A Eatied gl iSy RRBRineBs Rbdre iz anelonarowtn

fac®@rs. bW fRckR8 Gnti Moy ithadre Heestay f%iﬂ@gﬁmﬁiﬁ and
the present invention are those that are typi

mainignaneg afmarigidancdlosulibues Are alolg-tp drecieadidy determlned

oA B A8, 5 A B LA BBl or
ex(a@it)le sy Bamdsearvwsat@lwg@o CN%eedaRt in SRihalaPCeRThiture,
arbon di oxi de \?l tation and hum dit

E%dePtM@FhetroPtG@wePa@sﬁ, ADB4nang i &k %Patxe@t}l/\lq/&?m 121.
no”'NltaﬂgEid?% tﬁﬁ%‘%ﬁ%&ls Sarchb tcaf? RdCldord; Hétt{)‘ ﬁﬁé‘n&eegﬁ?%#m the

for rocesses o Che pres
presamringatioa. i éeltsdar@@y@bﬁ]l%ndum&hor hhmntaﬂlag&mls that can

BT e o 0 DSt by
seefétgalbrg"@hbénm@mad b |09%k zc%teﬁ’lu:rﬁc%%rﬁ&ﬁ n%ﬁ%aé‘gfy%roteln of

or manmal 'an host ce reco
inteegstsinta tif@cﬁbﬂﬁmamemom Iteill lsg uaderstdral thak the glyeopidtein

o 8o B MBS S L
Alteypatbaly, Yanelgdrefdrap Stl@E%g«tch?@téi’rﬁ |éjl¢éﬂeY(ﬂQgcf)u§me'mf6F@lbﬁ to the
46 WO 2004/ 058944 /040939 and are ab

hogt sell, dadexairpieva humean plyaee@tein pspduesd ﬁb@h@eagﬁéed by a Chinese

n i . i ni . .
hefetbtoard (CHRYHRIEER" Al bittakl, RE RIS StPictBins. ie.
thésecoxiginalynobtained enderivedatoraremaeatmaliat yrdami srhh@re attamed by

mai nt enance of particular cell cultu

th%Fbem%wsepf\eoorz?éeme'{aza?mpram.arﬁ Reaferabipsecretad by Hye Gells into the

cultiRs@eBm.ng skill in the pertinent art, such as is
descri bed, for exanple, by Barnes and Sato (1980,
Cel |Exa2®l@9499 mammptanrglyceproGzins tieatl dam iee adEahtageaJsly

P& by, e TRERers i T Berbier e PEe gt gt isfogyickines,
ywkﬁ@ @c@ﬁtdr@ drBﬁnWPddi@l@s(ecﬁ EG‘F—‘ I—FE'F?—%GFGF &VFqF' ”Tﬁgt-oc,

|s are typl cal y ani na OI‘ namTa lan ce
TGJ%ﬁ Pé)@fr d6F- hriGFsecNEFs, N@F -f) haowtia fadier raveptarsaintiuding

red. to re
ERimatic pro aihs. E)?her nonlimiting examples include growth hormones

fusion of
(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); interleukins (e.g., IL-1 through IL-12);
vascular endothelial growth factor (VEGF) and its receptor (VEGF-R); interferons
(e.g., IFN-a, B, or 7); tumor necrosis facto‘r (e.9., 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 VIII, 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
woOher4magdsur e nedium It will be understood thaPCThs2003/040939

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
urakichse es bumiaansiner ordissug ty@HOP Ay deiticle ftimulairgphormone (FSHY);

iR B oad ok et Lt bEP B iGrte o Ria o LD8, OD28,
c@f@aabfyr@T@A%réfeﬁr@{éeQ @erAu'yer%n%@seicerr r@éeq)ismﬁrotems bone

| nventl on and are pre era secret ed y he cel
monphogehis preiginau(BNs . gmBl\mdn@I\éB -2 BMErdywite. hmeurotrophlc

305 SR DA cPRUBRHRCHTIRERE) Heo RGN o, oo
rehinftHeinh &Bid RYIRKRARETES;b@ii QeFaQﬁne mw@h@g@mltow protein
factors &@921 EGF HER- 2 FG-- a,

(e peiMIP-1p )1 Gral proteigs. or anttgensr\echa megilyana preleins; ion

N L I i Y
préteirgs, (e .gurRinA oVBI@:, MWQBVWEI‘T&I%/ bwnhlhg erééMf)l‘s ht%h Of )proteins;
ain and insulin

SUIBIQ?Q%NSH’U ﬁ@ﬁ@@%ﬁ%t@q epiyled Fagenigr efqt%rséﬁﬂ(zﬁs)
ne MBaélaE&X%f%teﬁscﬁﬁq_e% Disd4sd %%Qsocia‘fé@@h&}éms%d peptides,

vascul ar endo
(egr, oWbletaf)aan@ lotf(eVE@@)kr‘@mm lnttlae et efpasion pxdEeRsRnd polypephdes
interferon r _necros

chirleioprENg antiyighinaptis. aaalaR tadenBiaY porioes s autants,
vaWbﬁB r aRsloddoRary of H@Hmm'eﬁhbﬁe& FPchmsthoO;H&yﬁeptldes are

brain natriuretic pepti de (BNP); otting factors
algceingludedgneng thel $untabé@pmtelnx, pQIUpGW¢QSEM<bh§BtId%&:M can be

prégt{ﬂ?c oggﬁ%EWO%@ rafe ?,%%}9 'Ié‘%&a'%} YO 2004/ 058044

PCTNGBAa{ii P 4R8P leswi eliimaber maniriakdh Hdistrt%llgrsuttalslélfar
type TPA; follicle stinmulating hormone (FS

hayBariIceXPrRSSitsh ABHPTPIUGING pEtEInSIar ﬁme%F@'@i@n and/or
ki 05 ey 8 FBUR 310 TS0 ATCC

CQl-61 Bi BE44@imsimet 31h J@86, Somn. c(f,‘eﬂ MoldBKERmete 1@ 555 -556;

KolKekaT b el G i acr el i: 3, 3BE" %b@ﬁ%“a?w%&/é%w A2),
d.tﬁ@%f@ta&@md&as&nsgam% €HO £8IY (@Hohgwm Qi thiR8H@ Chasin,

bum n; relaxin; macrophage inhibitory

19§QOP€CPCh Natke Agag. SeiPUBA, |\7I7P42®6 ), and alp18rIHoi cmilst 8. Patent No.

face el ns

5, 7atol &R Tokib RE Ry TR GRIF yBhSlsFnld s SVapiCERfels, cOS7,
ATICOORIDES phaman @rhbhﬁjrf@kldﬁéy @ells t8.9., 298GellbNer 293 cells

famly); homng receptors; transport proteins
subcloned for growth in suspension culture, Graham et al., 1977, J. Gen. Virol.,
36:59); baby hamster kidney cells (BHK, ATCC CCL-10); monkey kidney celis
(CV1, ATCC CCL-70); African green mbnkey kidney cells (VERO-76, ATCC CRL-
1587; VERO, ATCC CCL-81); mouse sertoli 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 cells (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;
walhadimssoan' s D sease associ ated proteins and pepriuse®3/040939
(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
nmut ants, variants, or anal ogs of any of the
af orenenti oned proteins and pol ypeptides are al so
(MMAc06Qe6R, ATOG COk-5 i huftdle rairlveeicalls (BRL phe AT e €RInd442);

TR Tl e AT S B o

cell@nPRdtbABd *é‘?ébl—?@'c‘eﬁs SHrtihhey, f@ﬂo@ﬁ{nmrdeng

expressing, produci ng proteins subsequent
i solTheiaslis @ndable fopqmlturin@an ith® nnetbbdsl andiproessselaithe present

inv, &ﬁgélcﬁﬁgongq(lmﬁ 28%8 \@lran rg@({:c@eﬁg?sfecl) on,in ectlon, or

injdctiond exphEsion @ dieisq bo@étrlﬁitsg s&@l‘@ée PR SRide et this. like, that
36: 10901- 10909; and WD 01/ 9 é di hydrofol ate

har@u@@dmsemweﬁeowléw t@r@@@mgﬂm theypireliginsaiod expression

)
anf ik ionclidie ohlidfing Pcepsy S gxPress O yed ey Gdin the
neoBsHeRy el@rdénebs f&/&medﬁﬂﬁserlbﬂ@lmaﬁdrtmwmnswmeGrﬁmed coding
cells, ATCC CRL-1 651); hunman errbr;lr/)onl c ki dpe

seguencs. (Meﬁ‘OdSQ\g@'CE ae gvelldqnogggtoc@pql Braciged by ilaese %'f'"eg( in the
arde Qe Sy o SRR B plisb e YRS sgqueftgp ghooding
theAg@duCed pto@jns mpeypkphht&g( asekelbas {evapprapadate transcriptional
an oL 7 S U SRS 552 S VRt

D[\Qﬂé(ﬁn s, s%"lh@ﬁé teclﬂ%estﬁH in vR%RjéHétlc rgé”er?\ﬁﬁl;aﬁéﬂ\) :Such

human cervical carcinona cells (H

teahaiques «ediesgribed Il@J(Smhrookr@@chL%wMolwﬁamC!qmw A

Lap BBt GRS SHs EaMar RS, PRI AoR € S M

Au0Rd/ &394 988 CTUHOADPRIOAEIO 9 MdI&dMaPBRIST, JORRWiley & Sons,
CCL- 51) buffalo rat liver cells (BRL 3A, ATCC

NewRYonadbY: TR cells (Mather, 1982, Annals NYAcad.

>C! Oppidfe (éﬁwe‘?ﬁ% arr"(%guﬁg&ﬁ eﬁ@@é‘%&tﬁéﬁ ROFRR6REed

regmhet of the vetbdde el echdriaers rmom’oteﬂSeShaMGdsntmwcélated regions,
sent. invention, can cont

rocesses of the
thatitecard ot nestgellllar Bralpinnde SRR HENSPARaTLRTY ansiation.
Su?ﬁfe%héﬁ{é e valz”th Bedit Q%ng@ﬁ% %ﬁig%ﬁﬁ“?c g%n{jlﬁgt on the vector

const ructs as [ asm )
sysiamband bosl mjl @dqaén&m&numbepof suitahde traoserditioneanudtranglation

o8, Ao A AL B Do G RS e
mammalian cell systems, promoters from mammalian genes 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., transcriptional
initiation and termination sequences, origin of replication sites, polyad'enylation

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
wohowvssase wel | known to and practiced by thosecsHiskdosd40939

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 nethods include in vitro reconbi nant DNA

t ec i will dbe, ammbia&d by trexserskijleekin thediri, they bslectiemef the
techni ques are descr|bed|

reconbi nation. Su J.
apgm%yegpr,ﬁg piayag@ld angnclat,s @rgmp}% tra,sgscnptlon expression,
anlalqg’cﬂél%r%i’ pMi‘@lH@ gro&%néﬂ ﬁ@dkﬁﬁ/df% Eoit ﬂa{ﬁ%al&rg expression

| al nvi ew,
syﬁemselatknbwmtmrwtlnnlw\njﬂterminad aﬁobpm@ycedl biathadd Iegmﬂg skill in

|
B Theusbrasaon RLoI AR B aels utu s R OfarBrgvih the

mAtREHSF tHis ﬁhvenﬁ@ﬁ‘@ﬁﬁ PlgoedirdB e Tonfol @F’lﬂ'o%oters such as viral
untransl ated regions, that interact wth

preyepiens.s.dp W@hﬁ@alowrt@ﬁwvbnﬁoms amcmqowrm(%‘d)

R B nes® TaRa v Ring Rhas i) oor Besaiid Bitihoter
FuhﬂéF ré§llatat ptdrd&idrs a&mnw&a‘aemn@ b§W aﬁ’@éﬂl&r compounds or

transcri pti on and transl ation eirents, 1 ncluding
maerdes taigi, e gheoradicoichiesppnesratament (GRE e mewse mammary

turﬁ?%é mllsr g‘i@%ggﬁé{éﬁ%@ g&&;%% g\? r@@ﬁ%ﬁ[ﬁ éta 4, gl%ré%s Cell,

33c4BBL4IC tAlsd Olissuespatifity Brofidle X reFaiatdry8Ishents eirebe used
desi gned to contain at | east one pronoter, an enhancer

(Gseyifeatal (1584 érall 381630-64RIntwerassaly o osires.
ror Eapsicf ottt BATUENEASSIRRFESRAY Saliefdiithe
traesfer essthods krogn,to thesesskillgrd incthal art, ifor éxarhplen cameentional gene

eSS R A e et RS A oo S SRb AR Bhoma

trahefedRars, MBbThiRabK, éie%ﬁgb’@rﬁ%a\ ardk@ it/ \%ﬁ%ﬁsductlon
PCT/ US2003/ 04 939 As w1l be appreciated by those

Theldhplaedofi thetrhethagtis within @@I asenpeienoe of e alpbedapraoatlener in the

art/ JEWBe SpfarenPigHiBse skRanR B bt ehflofe AP Blors cgpatruts

canymgm/ﬂ selquenies jertdxprdsidh in delgTERIN I@é‘iraﬁéﬂf@b@%ﬁh@the cells
ystens i s known and routinely determ ned an

sugh thal EXBEPSSION ProSkICHRaterRybsRALeNtnProckeed in Andies obtained from

thE&hlession of proteins by the cells cultured in
accordance with the nethods of this invention can
pl atrea panitedart dspechmhawimalibnExpredsos sgstemsasontainalg

apioRde s PG HisHsGhl-aDREaBNCRS AL BIpiERS Ot SRprTdH TR
ex$icBaRg rhdialdin ddiR AA1RE bidbet FTRNEBN. Commonly used eukaryotic
control sequences for generating mammalian expression vectors include
promoters and control sequences compatible with mammalian cells such as, for
example, the cytomegalovirus (CMV) promoter (CDM8 vector) and avian sarcoma
virus (ASV) nLN vector. Other commonly used promoters include the early and
late promoters from Simian Virus 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

wghomwsgast i coi d response el ement (GRE) of nDuseCTaSREBY40939
tunor virus (MMIV) is induced by glucocorticoids (V.
Chandl er et al., 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

bavirter p)mhildmda ivirue. Aerlihdudiyle prommotert yuakt agaMT|l (Kairséeal., 1982,

%%@0 tothos Skl| ed in the art, for
ffrr%i g HtabAlsP ‘transfection nethods, such
a aﬁa%ﬁ!é‘é Bhes §tsfonc\%c95r§%'uﬁél?l@tfbpgukér‘geﬁé ﬂB'Qﬂ cells include,

ection, crol nj ection, ectropor ation,
but afeooi limited tmlweators famnsdomnal@n hostioells l(1engc,d3la‘f/ 1t indlyg, pRSV,

e, itika (il plrESIPIBG e PRE V2 B Y, esTHadure

TethhblRfbs) mpﬁk@%cfdﬂét pOME \RIctérar ﬁs%ﬂﬁédtélr%t (Stratagene)

carryi ng seguences for expreSS| on in cells can
retrwrajwe@to@@ (a.gt, @Ftameqieta (Stratagana)h m%ﬁe@mltﬂﬂgen)

oo BB Ro, AR AR AR S o

veetis €5.8i, PESUY ybeiths (Stratabgehay, oapptified fakhs obahy of tiend
regulatory sequences are pre erred for use in protein

fO@gﬁrr@s sY#rjoraRRMRISAIPORRAIN SNBRNERESASURSERE UPSIERE o,
GHETRE oS RO 0B o3RS Bt Sforeion.

pr orﬁowlestabmldﬁnadtﬁrraﬁn a;leq]penmesl mmm}wbnwt:mawm\td@tor (e.9.,a
] , e .
PRSI ISRStRERR1S BlesrRdiarbomm (Velaiahly. BRing staty
inte8FAePthe Wektst 16 ARYW thé#@e}é%%ﬁﬁn a%ﬂﬁfna‘fé’ggfé@hdn W&fum. A

pronot'ers include the earl e pronoters from
nugikira selection 4gsiegieloan bElU@les! wclugling babrat limlteditce the Herpes

ST ol iace (an SU0T TN RS " 18578800 1:229)
hyﬁ@%tﬂﬁl&%ﬂarﬁ@' bwsg&wwﬁ%sféoagé '(lHGlFEFPT) (SR a¥dkalend

i nduc ronoter, such as (Karin et al.

Szybglski, 1@8?11?@0 P ?“Wd8521) Useth 4& %@)bénd%@m@(anpl es
phSEP oesg/ﬁ a%fé’rggé ?f_gvrvz% f‘ js?ad Le C{P?b‘%ﬁ’?@ﬁeﬁego\ﬁhlch can be

|mte

emrmoye‘d inctk-, thaptt- ced At (cmllg APBH\)’ fespebingely.pRSV,  pSV2,

e ) e e i o
foﬂ(ﬁﬂﬁ%hénlnﬁ% &%@éﬂ% o@ ﬁd’l’ﬂ%W dhfF QhHieN 'CBﬁIAer% resistance to

vect o, vectors ené)),
mqthntrexateg\é\hgler ehdbntegq, a‘ProceNEﬁrAcao&o%noUSés @¢idn7ednd O'Hare

et a| lf’9°'81\/§§r¥98rI?Iéztl bﬁ‘cu' oélcllrﬁgAv%H% ‘7 g}/p Fnch confers resistance to
mycophenolic acid (Mulligan and Berg, 1981, Proc. Natl. Acad. Sci. USA,
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):155-215; 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,

51



vectors (e.g., pESC vectors (Stratagene)), or nodified

fornms of any of the foregoing. Vectors can al so
woani4assp4enhancer sequences upstream or  downsPCEAISRMB/040939

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 allowtheir
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19@7?09\7}?&?5 infarRet tﬁWe’otd} eﬁﬁ%ﬁq cRpfddsi \ﬂ#%ﬂ.])rotgfn% amplifiable, an

cad. Sci. USA, 78:2 neo, conf
ingregsa truihedeve crfmhubuhcvrrmgbgmcmttie hGStL@el(@lltune ovdll increase the

T i R S A R bssocited

W|ﬂﬁ<1hegﬁbtem -8ReSdiR @%ﬁe f.’y’lﬂﬂciucﬁléﬁaofil*Qé9 rotéﬁ'vﬂﬂ‘é@ncomltantly
260: 926- 932; An erson, 199 Ann. Rev. Biochem,

inggoage (Crovsegiyl., 1983, Mol @eﬂg@wl 3124A) : 155-215; and
( SanRoidta il RAN: SuiGHie 3iRahe (GYTOP fShfograte reductase

(DblElIﬁgmrrilcy)dk‘igmmlelo acleagitite Qéled&telbm’gnaﬂemé clahl/be arr\]'lpllfled in the

t echno can routlne led to select the

PreRenCed e cids W&H%'O@Qﬁwgfma@'gme GIMeHopGHalp sesRertively. An
ad%ﬂtlrrgé?e%%gﬁﬂ%gyntﬁage %Fl&&z vg&ﬂa%ﬂ R Cgfjéeavgﬁéﬁlwly%%ellflﬂés (e.g.,

exa Ausu rrent otocol's
the muvtbeaoytlamaieall lingy Nsmhwhmm dhutsorise swhemmpanve

Gagge BhpitRR mpre SR Ri s radlSo FiHERR h Blipfing syhase
exprdshdy, cdﬂé%é@OQ‘JH(ﬁéel%wP/(;ﬁgﬁﬂmg%d” I%Ha(l ﬁfm&;tf%f’tbﬁaré\rﬂent the

uman Geneti cs John ey & Sons
funcdiopinr @f-tha eagogeeusgene.1981. J. Biol., 150:1,

ont VPEfTELAERERE AR s I %@%&%@Lé"%ﬁﬁfe&dé%‘g&%?ﬁ% pre not

limitegite stheb SV DUhfrplagrhec@ubramanbét al., Mol. Cell. Biol. 1:854 (1981).
Vectors that express glutamine synthase as the selectable marker include, but are
not limited to, the pEE6 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
wonogaig4anpl i fication for the expression of cPkPon@s82003/040939
genes in mammalian 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
cantee weed iy agpandand witle thenpresepl inieation egé comingercially available
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eugé i@ Host Sglgsf bé(n’? LY %&gugﬁ@ees fof B@ﬁﬁﬁ’in‘?@ protein

tens can SO un ron1n am ne synthase
exprgaséssi ng cells (e.g., CHO ceI I s) by providing

Taddi i opal i nhibitor to prevent the functioning of
'$$ gene. Vectors that express DHFR as the
sel ect abl e marker include, but are not I|imted to,

t he Fpeithe BHfFrOSﬁISé?éMnG'e(S%mlaﬁnYﬁt vaithayt limitgipn, itwill be
apBt&i te?:l 5Pthe( ract?%ﬁﬁe?rtﬁ‘att tCLth)ﬁ se%ﬁd ggﬂ\%rﬂgﬂr Rfns for

ynt ase Jas the sel e marker 1nc
protetn plromiubbdn tan indledefirée eepeed symes; waeialy, aeginuobsdulture,
1989, Nucl i ds

h k
baif?\ ﬁﬁe%ﬁ%ﬁat ; e'@tvﬁt Hi&@é%@tw%@lf:ﬁﬁu'@yéqre‘%eﬁ%me fresh

copgERRScs g6, Sl AT PRRBIBRSANOTp carn

thenpelturiresBaTiashivdtilezold cultgrsr meditne is mjno\acbdmlycmwd Hr@rmoniuct is

LLeties. In_addjtion, amne s
nab{BsiaE b fybRo &My ok PorliicieRbotkBlalS oo Rting
méAimUsR003 00468 3Rily entl cad beseddéd castiidlRS @eWdsha HAE or

present invention are commercially available from

mfg%fem |F&*§°nﬁlﬂ%¢%PW§1r'%fh%€@maﬂ reregipdn BHBYIERTIONg as is
u

cebfeg ATRGIPHE ol ol T4 RGBT culrin

conditiensilaee orairtag@dibl e CTLA4 nmut ant nol ecul e can be

For B bAtebedrt S aa il dfiired Rowechimand s medium is
o A LSS 1 4
megliyheduringer befarethee a’lrd/.smhn cnslummj rINCTI&tdesitaxhproduct is
harvested at the end of the culturing run.

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 cultures 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 cell
woubdasoses4 For t he purposes of understandi ng, YyeCT/US2003/040939

without Iimtation, it will be appreciated by the

skilled practitioner that cell cultures and cul turing

runs for protein production can include three general

types; nanely, continuous culture, batch culture and

fed-batch culture. In a continuous culture, for

is dhamparestadsattheana eirthe euliuing/stashictionntin iThe. gresent invention
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removed, l'ace nor suppl ehen
Coacemﬁently hecewwh tthe cententedi whrphchreum@rpordtecﬂ byeetelnence herein

. of..the culturing run. The desired product is
lnﬁgep(lggterggl at the end of the culturing run. For

f ed1hahes Bsﬁé&té W ﬂ$e irfvBAtiG! Hv‘éwlr@tvvé‘ Br hd?E tb é erature shifts two
i ncreased b uppl ementi ng he culture ne

or iRre teMpssa gms lft@cnon@wmmgwmlwulwe m»rcbcm@asmémnamventnon

e ok igb ol B BEbY R 4 ot Bt gPes o
pr@@.uot@d ruRedr ngrtelatémhé wueshet it cens thitesuige MREIRESter the
feedl gr g]rrens and tines as described above f or

Pipdugt, thay isspiiegkicedin aspargrowip agageiated process of
o S 8 e B R N T e
actenhuteded amaurd lof avdddiretigeddud resulisiat thﬁfmwcdefsﬂheqﬁocess The
rat%r qd { 53 l\/\D 2024/ 058 4% PCT/ US20 /04 939 .is then
1 \PIteiny S50V ERGroLeln REpdvlioncll idRa selsin egeHiiiem (1., ool

sp@bﬁﬁc I@?&ﬁmi\nty)ﬁ\é@i@t 'aﬁ@cte@lrcﬁ'flﬁér@@sé!d Wﬁﬁé‘f&%gé%‘iu@érﬂﬁ culturing
el | cultures, l%eﬁeelng Wit | act ose-

PfQ,QﬂﬁSQS of Hp W@GU@@ (mgq, mple @hi bhcomiteastmmn growttpaesociated

coh FERRERALE, SR LS B R ke row

phabeopthd@ultureproducti on phase beyond that which occurs
erature shift is used, or when only one

W&Eﬁ@ﬁ s ihierrresent guentianicell sLButespaEbacarisdset and
gly‘éHdet'élhB%an be produced by cells, under conditions for the large or small
scale production of proteins, using culture vessels and/or culture apparatuses that
are conventionally employed for animal or mammalian cell culture. As is
appreciated by those having skill in the art, tissue culture dishes, T-flasks and
spinner flasks are typically used on a laboratory 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 bottle 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
wOremBeI4 23, 2002, and U.S. Serial No. 10/ , PCra82003/040939

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

. C%{%I‘ISI ng the cell culture processes of this
In BRALCH, CORMTinpRYs ar fed-batthemedabile adsiition, she uumjragalpptaratus or
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run.
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I nventi on. . contrast,
gr oWhﬁﬁé%tmrﬁpbase ohatquﬂarqolsdbemse dmrmge/vhﬁch $he viable cell

e R R B8 Rl 2 B Ao st B poriod o
any tergtit.i on, cell culture can be carried out, and

glyﬁogroteins can_be ﬁroduced by cells, under
condinedsath pBase pbacaltyie isithe phise thatalomes aiﬂelclhecgrowth

and/ cul tur
oA LSRR DAL Bl 557 FshaR) B bl o which e
viahiei ¢edll derrsmymhmlyltmme peint iscllvev tifan Asanyp pre@ﬁm!sel%étp%ﬂﬂt during
thamg those having skill in the art, tissue culture
BA%%. T-flasks and spinner flasks are typically
US o 29rcthARREBIAEY o b BroflLs, cul turi ng on a | ar ger

scale (e.g 'the |ike), procedures
sughyas g@seﬁgwhg[ﬁ a potyaniariic eagmpound calibes dhzsteraRd growth phase,

' hal | fib b I b I
theRrPREAE Bk PRV BLARE i Peatosn digWirisan be-
usele.a MPORIN ASHoTidBY cOkurdBiob8ss RRe %éﬁoh%hats?of cell

roller bottle or stirred tank bloreact r syste
%‘&%F@&/s R Hie platigpaiyrhege. 54 WO 2004/ 058944

Fed- B an e ceife ety Slpp BT Rt BHT e Bhrina e o

proéysttoampmme torsumomcrtntimeedqﬂbﬂ@me[drdwdﬁoﬁ ﬁéﬁ’fnbularly in an
avity centrifugal force,

fil
G Riodclidh Phase o atbhin acinie uantiies abeebiasabty
glydopateRt Fotlulh gaé @)Eé?‘hpliffé@!?{ﬁrﬂ/fi’rt Hé’t%rm neefd%f a'tigHt el of end

addition of cells to sta
sialic acid content upon protein recovery). Feeding can 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
woiom/opgi4mt i s hi gher than at any previous ti meCpaiSmio3/040939
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
actbeling ihle groaset uamelntidmmyaesmnmr mophaialle eéldsmwahgntll the
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mediumi s su enent ed duri th e pr oduct
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et lchdPer FaL B PeRHRHHER! P9 RS R nce
spBetifig tp%dd@ﬁ.tﬁi@mlasﬁr@dun?rdm@rofqﬁbtewbrt%dew perlvelper day, for

| evel of end sialic acid content upon ?roteln

exae”tp@éwb carree MeRpUrath ageerdindle an mﬁew medhed inyelving the
ot her schedul es to support cell viability

fo@ﬁﬁﬂgro ”%gproductlon Duri ng an extended production

phase at tenpgpagiL gs yMch are shifted to be

successi vely |l ower than the tenperature(s) at the

growt h and stgnd rﬁ ngghtlal) producti on phases, the

cells are fed an viable. This results in the

pro ction  of deS|red rcnéa n. .product fo exte

b B i tng SabeperitepradRalhr sarstarey & g nUmber of cells
°“>§“ &ﬂ@m S b ol s STRARBHE Sng RS ne afte STHGTeR Brotuction.

TR DR ol S BB D RART o

sur until the

of ¥'Ia¥’ %U(IIPUSS ﬁgr'g@\fg:@lf"’%@gor’%‘ﬁ% %pﬁh@gﬂgnula whShthe
a"%q?\%'f BRbBrorh BBG gt s %@?V%@ Al tle oo gavs,

thd slope is eqaivhlent to i GiIPgiificaets MVialle deheBambeaietéitined by
product at the end of the culturi ngk

several measures, for example, biomass, O, uptake rate, lactase dehydrogenase

(LDH), packed cell volume or turbidity. (e.g., U.S. Patent No. 5,705,364 to T.

Etcheverry et al.)

Production of soluble CTLA4 molecules 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 molecule or a soluble
CTLA4 mutant molecule, as described below. A soluble CTLA4 molecule is
preferably 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 CTLA4Ig 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,
wWoeominisIag t he sane. (See, e.g., Exanple 4).CebCT/US2003/040939

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
shpwin indilG. BerA aalyblefGTLAémmahémodemJleampr@éenatbbslu‘r@eEAQQYlg

SRS dBiniaddl Blae” B o8 Ta3BY as Bt IRig. qmmoe
préferatsly the db‘hlslstéS@ﬁ&mmd?a&HQded BEY oY +9 QB%S?”&S sows in FIG. 9.
t he nunmber of or cell volunme, or cel mass
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in 8l is equivalent to the cell specific rate. Viable
cell's can be determ ned by several neasures, for
exaﬁrplaqqretermmsmboﬂi’memt GHeAndyy B, prodates by recomblnantly

enas d.cell volu or turbldlt
9”98“% e fos! ol mLﬁgfw losﬂaar%nfa cemtingnt
pr&d u&eeﬁS)PéP-@ bé’lﬂs 9&n§8&‘é€' Wi t%%ﬁt&@oﬁféﬂhﬁﬁéﬁﬁ ‘bcl@,@ 's#ﬁh@nce
tant nol ecul es e culturing thods o
eﬂchélﬂgr@'ﬁleMlgl nSeat Udn ﬁ’ateot Ner 5 &4ido0h 5venP S. dinslepatakdand the
ell. culture

th th t hods .. :

Egies nBISEE Ty BiTANER et ef ieeliiofs oLty and e
apBedpHiitely sﬁm%dwm@mbumeaqﬁla@comn@@wm PRAMbRLStep A
soluble CTLA4 nolecule is preferably a CTLA4 fusion

terpperadyic, shitt eregasspy o4 thuginvengonndihe ipventian aiforids the production

o L0 AT 65, A

produad. dmago’ikmg ga‘iagdc_r%gddggna }Bg gg&fw?] QTLAK Mt%ﬁfg@scule
own in

L1 RE8PaSH e SAmbiisen ARG AEIISd 1257 it o] HP57 &S Shown in FIG.

9 iéf%\ﬂﬁthetmtcm%)me?ﬁéd§m e @%E?@tfm@eﬁ mo7 Of

as shown in , erably t hat
coné\i liganddbr &ifilLAd iaci B8 mdlecmieSWS asedrheisin,36Farmd’ refers to a

The two- d three.ste ergtu

IRUE ol SPeglicali eREriRsa o PR B BRlgaE.  The inferaction

of armdmmecundolt@md &n BE & QiilAtaRr BFtH prdRtclsesicthB Gumififg

medi um cont ai ni ng D-
processes of this invention. For example, CTLA4 interaction with its ligand B7 can
be blocked by the administration of CTLA4Ig 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
naturally 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
wand49ssadhbl e CTLA4 nmut ant nol ecul es, by their ROTUS2003/040939
cells in culture. In a preferred enbodi ment, CTLA4lg
is produced by reconbinantly engineered host cells.
The CTLA4l g fusion protein can be reconbinantly
produced by CHO cells transfected with a vector
cont ai ni ng the DNA sequence encodi ng CTLA4l g. ( See,
(e. g ;endegeonus KD2%asder OThA4) iPblecked nyVikd/type GTLA4 aorhprises

S AR SR LB S SSEh P B B
CTiA BEGhaHgWIED nf?slﬂ'anfn%dat'ﬁbsﬁﬁﬁplﬂéﬂe%n‘él‘iﬁg{‘atté‘s%amc acid at

multi-Step tenperat ure shift processes
positipsnt1i2dn or Theeextracatitilas Woatdin of wilthgpe Cdddet heginniof with

o8 ) o NP e D A LR s shown

Fl@r eberred enbodi nent, the sol uble CTLA4 nut ant
nmol ecul e  L104EA29YI g that conprises amno acids -1 to
357 Toe nefurady sspusingsmishiyprCHLAR is @ cell sprfaae peateisyhaving an

fe’?renl agléﬁt@ﬂ%ﬁﬁﬂéﬁd%&fﬁo%}a‘?ﬁn@%ﬁpparneepg&hg é'ug\éﬁgt 8r}enﬁnal

cyfolplmmd donedirr Thetexaracetiliiec dbmaimBindsne e tfarglé:ﬂmulecule such as
a é)f es and ﬁl nds anot her nol ecul e. The_i nteraction

%cd" 8 8 dfhetrsatmaé}amcemm%év"fiéw ST Adpgroteia is
traRERIFLS of] EF(I)‘IF&UFéJ I gé&%iﬁ_&ﬂﬂéﬁﬁ\%ﬁ?dé%f a ts%% | peptide at the

I nvent I on. exa Interaction
amlm@,amd\lwrmlaal ebd. Ahecikedatoye pbtypa;itrdenuadea;desrpcm‘t-
actlon

CT,
trafgF et STRESSg SvhiER igee 5 TRes an omoyalkr The Riers!
pepfds B Qénér'ﬁl’EB)GTLMBIeBQa Fg%cﬁﬂzt RyvRgE Hé@tyr?édé?ﬁte%lf N-

et aner cept or ot her bl ocki n nmol ecu

terfjpal eor that 6rffer$16"ﬁmmfledﬂé@|rrmmamnd nathetimmativire forati @ne skilled

o e e e T T T

thﬁrt mmtoﬁ@néoﬁ%réaﬂ.thdiar&% £88s frentlite BSMly Rimerated N-
i ncor orated re n by reference in their_entirety),

tergyinal gRd.ef the k%ﬁk@@yawadel@éoJﬁezagt%@Tm%l@roaelwnay

st 'FPé %gfﬁctbrgﬁéta);gbg*hg il é%iﬁmeﬁﬁ?g@goj] g‘éegrjij\'imtform of the

CTIEG'H/ mslzmiy D¢ Re’s thé extracelriaiodmmainsorGiRBp@tidh dinereof, which
bi chl'r AAE%7 is blocked. WIld type CTLA4 conpri ses
n ul ar portions, including, for exanple, the

ext ASCELAY |nt’ﬂtﬁtalﬁlpl"n‘i’élG!@:uﬂsf a4 bgbd WdRin, @Jﬁe/ﬁéwswlew@ Lcomprising
th methionine at position +1 and ending at aspartic

wﬂ@iéyme el LAdss shawmn nBLG. 16), orleeydariien et elivativédheiaefothat has
a n’(‘ﬁtaﬂoﬁy&emﬂlpﬁ‘lm%&lo?ﬁ', W'gth\é” vw}j type CTLA4 sequence, preferably in

the extracellular domain of wild type CTLA4, and binds B7. A CTLA4 mutant
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.g., a glycine
substituted with a tryptophan) structure or chemical propetties, amino acid deletions,

additions, frameshifts, or truncations.
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al anine at position -1 and ending at aspartic acid at

position +124 as shown in FIG 10. The naturally
woaeenrossddg Wil d type CTLA4 is a cell surface proraiSm03/040939

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

t r a4 chudantamolecutsisiaan |poIU§dfa€wrooml@Tum aivlecuta theesin or

atGaRed Bl opds Tohpiman e eleipbs f o P abl disses can
bepidi’&’&é $i.89 cnr&ﬁﬂhﬁﬁgc?' dheyesn %%Woi? Holf SORYA gﬁémb%e-

peptid generate a CILA4 cl eavage pr
bouad n@ThAA@V\AJ@ar@ mrdewleshmlucteetwctﬁA29mg archthodiefdescabed in

0 5L P e Siah Sob Bt DS Ko B e S o207 70

in PEOto1Y92a8t Abi Pnals. mémsrsumaer@a 09904, 5 &Y 685 and
renoves one or nore of the ami no acids from the new

y
5, gehdb3tant ap deserihathin I‘éddPeacln ebalCTI9M,of Exp Mag, 180:2049-

2o BB 2 5 SO o belapy procuces

The QTtAMg i€ arsalufle fuion protéif dﬁi’h@%lhg ah@dtﬂé@@ﬁuléh@omam of

extracel | ul ar donmai n or an% portion_ thereof, which

wilgitee Gild-Adz or & ortion thereahihakbinsts B3, joleddesm invpeneglobulin
(Igz ﬁ{cﬁéé‘ulé O%ra%%‘itg)‘ﬁut]h%ré:d?nﬁ*h' %ﬂ%oe%l‘a? do¥Rh gf/_b%Aﬁ or portion

or any por or deri vat
therbef squet:lhatarhlgsno@tymmapngng aurorrwbbruoh&)frmt |a1mam\@globulm

t he CTLA4
mlieyiacpiereiekly SEaER Rofiong! 4 FREheFioRAIN SHBSENH RSy such as

2 o RO RGP C R AR o (fyqagmma),
Ig0yprgCTastna| Byl AgChua), kOd1 (1GCalphaa, IgChce (lp,@apmamﬁ lgC3

can include one or nore anm no acid residues

(loGgelia) eutose (geepsiienaendering Hﬁqq&wqrgn@&ﬁw& galtublge The Ig
mcﬁ&tp{%an m@luld‘él{ﬁé rﬁﬁ‘{ u%ﬁ—tié BH& %ﬂ-lé ﬁé %%? %t@é—gfs)h %]e CH2 and

conservat a glyci

CH3 glomammo)‘ tred amémeatmﬂed:b@mtaﬂi re@im‘mecbrt@thér cangtast regions.
i etions, additions, frameshifts, or

Cl
Prefe é’tt 59 Ma8twiP psRenkepend gsruyinesibe hinge, CH2 and
CHa &d¥halRs Wbsl“&je?éﬁ‘ébfgﬁp ?ﬁ rﬁdﬁém '@“%@éﬁ CH2 and CH3

nol ecul e therelin or
domatirsnof H’uuman rig@vhtcmammsfdwef tmethinge nNOHEandeSHBatomdias of
sol circul ating) or they can be bound to a

hugn 19651 4 8N sineieiie-C Hohg) theckel aensiantdrgiongiaRailian
thdrB61 4ifnd HMERP & ARBINGAR S LeREHLR it Bfector functions (see,
e.g., U.S. Patent Nos. 5,637,481, 5,844,095 and 5,434,131). As used herein, the
terms g moiety, Ig constant region, Ig C(constant) domain, IgCy1 (IlgCgammar),
1gCy2 (IgCgamma?2), 19Cy3 (lgCgamma3), IgCy4 (IgCgammad), IgCu (IgCmu),
lgCa1 (IgCalphat), IgCo2 (IgCalpha2), IgCs (IgCdelta) or 1gCe (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.
weoeavmssiMunber s 6, 090, 914, 5, 844,095 and 5, 77BC2482003/040939

and as described in RJ. Peach et al., 1994, J Exp

Med, 180:2049- 2058. CTLA4 nutant nol ecul es can be
synthetically or reconbinantly produced. CTLA4Ig is a

sol ubl e fusion protein conprising an extracellul ar

domain of wld type CTLA4, or a portion thereof that

bi nd% paiticujasiemeltbdimeni rélaiadrtodd TloAM icomplrisg} the bmra:d:@Lular

BB L A S ST L g
as‘b@i’ﬂ?tr aGiH Ry p@!sllt|oﬁr+1@4p9 Fia%d’ét QQnIH@H&Z&?@Itﬁb@P'1' # aspartic acid

l'ecul'e, preferab or "a portion
atlﬂWﬁl@Ogﬂcﬁﬂu i Jnnctmrsammo acidiresideagiiutaminabt positian +125; and an

%‘g@?&@&%&%@fg 963@;?%“9.9@,1&35%%@ atgpg%%rbégg through

Iyé@&@ﬂ-péélﬂéﬁlhgl’sa' ag shb@kan WGQ@'[NW%%COH&Q&NS s CTLA4Ig was

(lgCdelta) or 1gCE (1gCepsilon), rendering t fusi
demsg@@ pe May bl €99TrHe tm@AmaﬂcanmiCult@nedaenqdmen (ATCC),

' h 1 [ CH2 and
R e RS o A AR e
Buﬁdp:@st Troesy,arid hagboos acc&ﬁ@ﬂ@ﬁ?@tﬁcc@@@mhgﬂmﬂ)éﬁm C@ 68629;
n or nonkey and conprises the hin

PYi8t alvpkIO4y ity 1y79$r§0| o %‘IQWH bewp%@rtgq@TLAMg
wat AfosiEEorAIRy S 106 TAITC nfgiRAnkifcH on Mimper GRL-10762.

ThegWUbleICB]TWIggnaieceteﬁ mbdﬁﬂ'&d&écbcg:;rdiﬂgetoﬂt;e m&bdﬁﬂescrlbed

ti th b ted, th
ner G TRY AT PRRRINEE Aol (EAQSDIRAL SdqURBEP oRUSS. 8 and 9

mdléi@@an |Iﬁ1s§}atloh’o$a dighantcabied). %g:pt@ys nce: |c%ﬂ§ tﬂ@d

used herein, 't g noi'ety,

m@l@ﬁlslea@lp o gnavdle REigTal peptidaspadened.n, | gOy1

SRR i AR L ARRTRCN  LAEKR CHESRRER) e

cohﬂf&&g(é@@&ﬂr@dﬁél&)ar da@h@in(df s¥idie ?p@)cmAzi @tk amino acid changes
2g)é(gCepsl lon),  include both native sequences and
A29q(@eEasing ARINMAGI aiderAybatiatingdocan alaning gt position 29) and

L1r9§glr(§ r%ﬁutﬁ?‘rﬁ& H@@ﬁce H?)azﬁl 9% ?Elﬁ@%}ﬁuhﬁg E{%%%ﬁ\teaﬁtposmon
+120D irgEEBid4an WMSQGOQ/IKME{T%@S LAOPBEARDYIY. aThe ahidd @:em
S TS 5 e B0 v
an®ifg aBRIGSYiGH +357 B3'shoWnaRIFIGab. F)Qf%rﬁét‘i\fél)f k8 antho goid

starting at alanine at position -1 to aspdrtic acl
seguenasot i K BAZAY |gacqmtmtae|Scmeﬂimmne at athine acidygosition +1 to

s EATS, Al BB8bh g AL AR TG T IR BB ompries o
jurictioa@@fino acid residue glutamine at position +125 and an Ig portion
encompassing glutamic acid 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-lg 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 L104EA29YIg molecules
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| ysine at position +357, as shown in FIG 8. DNA

encoding this CTLA4AIg was deposited on May 31, 1991,
wonoda4vsssamer i can Type Culture Col | ecti on ( ATCCPCT/USRBB/M40939

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
prédedimydre ¢ulemingfrethioids rof thistierer@iBh-n&y 62 mayTiest include a

SiGHAl HgadedoeEitf saouFc TG NothreiPiFlos REAduiFeckpecording to
thé'irﬁ)éﬂ'tloﬁ'ﬁ%ﬁﬁcl@@@%'ﬁﬁwé%@ﬁﬁﬂ@%agﬁéﬁ% 8 and 9

Include an il lustrati sign ader) peptide
sequenesad MTerpir; dhe Jermt h@lublmieé@‘slteangfcmulebulenor trdgrmeent

R e O REBHETE S, L 5k e, i, o7
or@D’QE t&h B lﬁé‘d@éblﬁ%@ﬂ)& H’cté&hlﬁ @W Ip Rbicly iodthbye%ra%ﬂ@ r

am no acid ch anges rosi ne am no acC
doma%m QL& T4 i¥s Bt an Chgss mSpantneﬂlmnNterrwmvplys atmolacm)such as

i d i d
L ont bEaadetsd PR By ABh R LS WA MeRRa5< Somain
Tybtb;aﬂjﬂ, thg sfoﬂlldle ndiéeul8s PPddL&er%&%r&ﬁQWWv@ntﬂrh@o not

am no acid sequence o L104EA29Yl g conpri ses al ani ne
'n‘%‘t‘d%ﬁﬁ'ﬁf“?’é&?rdeﬁé@l $PEHeNAet o | ysine at amino acid

pos int écﬂﬂblggéﬁﬁi‘@ n%JIQ&EI? rBieks i Es@g@p”éélreémﬂde"ﬁédnd ke

m no aci sequence 0 g’ conprises
cnrnnlahmg))rmn@cate mmpnsmg ivwlidagpe Um&brtamy ﬂqrﬁmm er @erivative that

b"‘LCIFo@%A%C' 35‘% P?'glé%' %{J ig, @ﬁﬁ{h QTM%#S@& Rrofeias;fpiuble
cralag ﬂmdhep@ie.ﬁ@%u&h a8 dﬂ%@mgnas'eﬂ rStehfy Giéz@”{\gcc 6?1629

enconga33|n g utamc acid t p03|t|on +
wheyeinriee gxtrpesliularcomaintf ONMA4 ictuged do labdg EAGiets tmamsall ora

ol AT PIEES e tesdidy Al i PN B 601 GiconSERY regian, such
as&uctﬁ@sﬁért@h%ﬂiugt:y%g%%gﬁﬁné)ﬂerg@@c@gégl b@}% RE5@ssi on

nunmber PTA-2104 9Y- | desc
lg@@amwhwwﬁgmmwo@uw@mm $gCoal(IgSaipieaty, IgCa2

oo RRs S SShR] oS IScRChRS B0 oo
o 5t T4 S0, DO P b9 o

or jminathwil abgortide of alticlogicgllyrattiasisr olﬁemimaﬂy Bothenpraiein such as

Ry QRN e V= A T
po¥ ¢CTLAE- p%@ﬂﬂ-ﬂvrérﬂr%r@fém (OFLndesriy @rbmml aPBBEEAId in U.S.

sequence used herein, the termSoluble refers to
Pagﬁw N 15:844,895 d’perﬁmgﬁ@morated by reference in its entirety; hybrid

(chimeric) fusion proteins such as CD28/CTLA4lg 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 L104EA29YIg..

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
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t hereof, not bound or attached to a cell, i.e.,

circulating. For exanple, CTLA4, B7 or CD28 can be
worde/isgd4ubl e by attaching an I g noiety to therPCT/US2003/040939

extracel lular domain of CTLA4, B7 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

accor di to the invention do not include a signal _
seg@encpeemg will ek seeretian Qbmﬂamlmemneiuﬁ@@dhe sigitad peptide

ol pRedRdng B LRt SEC RN idibe Soay, bl YA8H-0880). or oD

ecu € Cco por On or

(Nderdorekietel . hese, Nands, 323: 34@<3l49§ild19he *élqnahpép’dldéﬁrbﬁﬂany
to, soluble CTLA4 fusion prot ei ns; sol ub CTLA4

extraeelbtarnretein nd hgrohikie %mlaw proguced diyrbe caltyring
pr%@%&@%@ﬁ? u@é/gﬂf@ﬁ Séﬁ‘fﬂ et er c‘;tlslté('tlkrgﬁfl ﬁgﬁ@'ﬂéﬁl“de linked at

theablmblrmrnatfendmf ttige emﬂrmnllu&ar dmmﬁlarcﬁloft'M_;aﬁt.ITypncaaiypmrthecmventlon
such, as all or a portion of

‘hﬂf Lﬂ?%wmt ficlyde™s sl B ARRBNC 90y 3

(1 g%@?‘;%m &%@1 . %@&F@ﬂéa%ré@fg t&é Hﬁ%c%ﬂ? wﬁﬂlsmg the

exirgediu{drgloapean Iod)w)ld typcm@?éLAngon M‘tlbtmmeraoimatebmbls to B7 fused to

a e LAl &Pl e e baR A RO Rty plB) Sl BS an 1g

mdieiyt | K5t &hnﬁal@la)icmaauénwn P%tb#\ecaq’f |n§m|§€1tﬁé‘bi(ﬁ‘a@éllhldf%lomaln
rotein such as the papillomavirus gene product

of AdLuggg 1o akpaa prtioasy @ Igtqmsmnhrggl@n fg@mples of Ig constant

o S R BB L PSR 8033 o, 65 o o

limitedao peosy kstehersihatb @ eAICTILAS fussidn pestyin daybdlsd be a CTLA4
(chimeri c} fusion proteins such as CD28/ CTLA4l g as

mL&é@EmPE@Mn U S. Patent No. 5,434,131, herein
|ncg “ﬁ BTERCEmbikt ’{r%f&gttb %Xﬁlecge-&‘lpornon thereof

nmol ecu es Wlt e transme ane onai n rermved
thatetoesrnat Hnmd)€3&8@| andioit GDIBé grskdoeenat mteMd(e wnt!?aﬂhs IZBIDdIng of

CTRAd o B yXarPeles T LG RS Nohfimtgglyg: an Moty that is
aII%@'a%Brﬁor@E—éﬂ |Q1Mcﬂééu|€0é g@kﬁdh J}flé){’o aféu% actite St dhhfically

mol ecul e"can al so e a solub nut ant
activg peiieie. suchitas el pagilloneving E%lg@oalpé@dtmtcﬂaﬁbéé E7),

e 2ok d Shisdh 687 LETHERAS AEHY i PR Ra-ony

gpt20) e dudyribéd iN0. 80961/@5&94548@437695138&% éoksstated by
sequence that will permt secretion of the nolecule,

refr-:‘rﬁﬂ%mfg qniiety). gﬁéama!@&tcp de meietias icivsia all Phamortiag pian
mifrBiopgh E0neth Bbmelif suop lloom S HPAIE R e
(Ig€oah@ha®e PICHE(IHCeaMAMA), IgCv4 IgCgammad), IgCu (IgCmu), 1gCo
(IgCalpha1), IgCa2 (lgCalpha2), IgCs (IgCdelta) or IgCe (IgCepsilon). The Ig
moiety can include the hinge, CH2 and CH3 domains, or the CH1, hinge, CH2 and
CHB3 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 Ig moiety, the g 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
woam4ioigd4wde t he oncostatin M signal peptide | pakas2@B/040939

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
reguee ite affepior dofctionat(see,ralg., thSBPatdnidab. 50637481, 5,844,095 and
5@@{ gq Ad noiety that renders the CTLA4 nol ecul e

J such as an Ig noiety. For exanple, a CILA4

fusime @)ﬁﬁ&d@llﬂla@@@nﬁeﬁﬁ bﬂ@ﬁl‘Lwﬁlere‘?éﬁ‘srté%‘ﬂ nﬁﬂrﬁ‘én aPRY fype CTLA4

of CTLA4 fused to all or a portion of g consta
thatdgicegnizes aﬁﬁlm@ds;B?l Q:Qf@ﬁéﬂmlﬂ ardextedces!u(aw dopaain iob KSTLA4

CILAA | ud ]
coliisES metniling 3 paSiini 33 oiepaiie ot Hh asbeR 2nta: 10
Fdriesianipleran extracsinler!domdle o@d’i’[l#%corﬂ?h@é% aPRirRCaH osition -1 to
As used herein, "non-CILA4 noiety' ers to a

aspaIticcafie abpopiipn R4t (et that does not bind CD8O
andk%r L{Q@ﬁe@w {8 gec’rn@utétlmne@f&r e‘to‘é%&q%lﬁb qugﬁﬁ&geo%de or

o 1ts Ti'gan eS|nc

anhlnmetcmtjsequerme dfga wikd &pe ﬂnbtﬁcull@ forbkarapled amhiahnigenn te DNA
cally active or

m)lec ortion Qf a biglo
a"@é%rﬂqwﬂ%ﬁ éE‘EIP%P fithe wild tymre &Tkﬁgﬂeeﬁaﬁql igrglomale. A
7
m%ﬁ%u?ﬁ@ﬁtl’%@ﬂl%&%_ % éoc‘_l éﬁ@gg?o@wqﬂﬁ encoded
anypp az2@ segca@r@eso% owlohmgﬂz GaySeclude shibstitbfids, dlﬂét,lons
reference, in i.ts el

b
m%(‘?gﬁ%n @'étg at V& srpﬁ;leélgr égtrplﬂ@ oS- aﬁ‘n agpn%aﬁﬁrqna&g)édpa)émclude
subéﬁmﬂ@@é Q@l’étidhscmé‘éhﬂfﬁs dafmioAs ﬁUﬁéh&%ﬁs' QIQ:!rJecessm? or

Cgammal ), 1gC72 gCganma?2)

clqag@ga ey Qﬁfﬁmprotéplgqﬁlte(rm@mﬂm mtutgcans in @ gaaleptide spguence
mf{ygl%éltgrll ?on%ﬂpﬁﬁatldrﬁmhé Iat%ﬂg ?c? ﬁ%ﬁtﬁéd%%?ﬁg ig, pelj gnderstood

in tid2aran As@éﬁlsdnumierstood[ cérh@n@ﬂble&io@gﬁadoﬁ%r@ﬂ»de tﬁ‘é‘@ame
t he aforenent)j oned const ant re%@ons

AR 8P Ch dokAr S e gREUClephge cPdBNG CaUCCHE e, anSGA
wﬁb!‘l‘@rﬁbdbfe {RRNARA o a%@lddﬁ’fg:()‘ 3% BHORE GAtTZ ﬁ(ﬁgﬁmch

domai ns. Most pre nmol ety 1 ncl udes
enh@dﬁgﬁle mmﬂﬂmadd@@ardoaaldw(@ of human | gCyl, or is the
C7 In, I
mor 30y § REAR bt BREORE By ona ojapth Biteletidmaidhyles that

dlff@@ lrﬁftﬁe@rt §sboific Beclé6tiddde Wt B0B(PSHPcode protein molecules
PCT/ US2003/ 040939 reduce its effector functions (see,

hayng identicg! seakenesNokhe musa®t melecule ray hags oardor more than
oné, hatatibAl For guidance, the amino acid coding sequence is as follows:
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The extracel lul ar domain of CILA4 refers to any

portion of wild type CTLA4
wa82004Fes94exanpl e,

t hat

an extracel |l ul ar

recogni zes and bi nds

domai n of CPCRIS2003/040939

conprises nethionine at position +1 to aspartic acid

at position +124 (FIG 10).
extracel | ul ar
position -1 to
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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 extracellular 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 CTLA4. 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., 1989, 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, Nature, 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
WOAW4/0885E4 Prol i ne Pro P CCU, CCC, CCA, CCG d mtamismm3/040939

Gn QCAA CAG Arginine Arg R CAQJ, CGC, CGA CGG AGA

AGG Serine Ser S UCU, UCC, UCA, UCG AQUJ, ACC

Threonine Thr T ACU, ACC, ACA, ACG Valine Val V GQUU,

GQUC, GUA, QUG Tryptophan Trp WUGG Tyrosine Tyr Y

UAU, UAC As used herein, a fragnent or portion is any
5,980,756 and égph28% fhareindihearpbeated Byrefefenet inrth€b2Atireties). As
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mbl_eemégfe,xgitéé@édbﬁ%@@bﬁ@ﬁr@é&' binds B7 or interferes
with a B7 so that it blocks binding to CD28 and/ or

CTLA4. AlAsoyseskhereisd a "deriwtive" isca madequde that gharassseuence

e R e A M Rl VY
in¢l06éidisotlibld TTLRRE mbidBuleHavifg aB aninb GefPieduzirem e 70%
al., 1989, J Ilmmunol ., 143:2714-2722, herein

simirde pee axisaralylar dpaaimebwildtype £TdA4, esdyyhictBregdgnizes and

; € 9 ' : -
oindRY b g LA Sa e CHt A muB I TRFBLuE T RAP Mo, A
defivatiee Ricaak anykdadgeNatius amid aciteetfienbera@idror chemical quality
i,ncorporated by reference inits entirety) that

of the- BEWIS Bcidfhe s B el aBRlagst or CD28. CD28 refers

tot ' ' T : i

doscr bed R REUEERIAES: GRPoRsjeabyfite, stmulate, up
reqdate piinE beBoselucs, S uake dovh-feduldte 28 8nddifyrthe immune

' by ,ref I n thei itireti . As
roosRERehel iRy BYoBBests ¢ camelmmiap dlRsashy, Bev s Uaated by
reQUIgtiNg aRBhehUnNeDRBpBhsS e 50 by G ERIIRY MiRtRAL! ©TLIARS and/or

cell surface. As used herein, a "defivative" is a
Chafi-arasitiverapdtinisriagtionsswtiu BAquositiiendallar iFioy exathpieta watiyod of

A K Do T
solblenGTagiddnsleguiznsaclatisitresd prdfdcediaticbading € tHi€ invention, to
forﬁé%&lgﬁﬁlzéﬂgh@dfggﬁwgIe?<fesymwlhg;e¥r? ?hecgc%lﬁgl’e S?EA% rrllglgcule
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, signal or molecule,
as detected by an art-recognized test. Blockage or inhibition can be partial or

total.

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. Examples of agents that block B7
interactions include, but are not limited to, molecules 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
wamnmssaid sequence and/ or chemical quality ®8€TIS2003/040939

amno acid e.g., amno acid anal ogs. As used herein,
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stinmulate, up- regulate, inhibit, block, reduce,

attenuate, down-regulate or nodify the inmune

response. A variety of diseases, e.g., autoinmune
CTILA4lgS@T CTep6Re) or erI4EAZYY g AT TR PTAG2 804); arsonsble CD28
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enbodi nent, the blocking agent Is a so
CORS isctheameuntrofdbe ngsemie zwmamm/%ﬂmwa@gew-

posvt Gefle b B elnclles o HadsBals Senes lagadagorfas
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For clinical protocols, it is preferred that the Ig moiety of a fusion protein,
such as CTLA4lg or mutant CTLA4lg, does not elicit a detrimental immune
response in a subject. The preferred moiety is all or a portion of the Ig constant
region, including human or non-human primate Ig constant regions. Examples of
suitable Ig regions include IgCy1 (IgCgamma1), IgCy2 (IgCgamma2), IgCy3
(lgCgammagd), IgCv4 [gCgammad4), IgCu (IgCmu), IgCa1 (IgCalphat), IgCo2
(lgCalpha2), IgCJ (IgCdelta) 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
wanvo4nssha4 (e. g. ATCC HB 11944 and MAb 9. 3, as @esaseimam40939

in Hansen et al., 1980, I|nmunogenetics, 10: 247-260,

or Martin et al., 1984, J. din. | nmunol.,

4(1):18-22). Blocking B7 interactions can be detected
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cafli |H@|UHQ hﬁ(}ﬁ‘\ggﬁa%r{?cnhé 9P pgsitiSHH 43%11%#@%&‘%"%%%@-@9%
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leurine at positian +|d|45tsmlbetli$lied with glyiasfieacied ot Higtinerst dogition +147
such as CTLA4l g or nutant

of. a fusion protein,
sug%ﬁigdgwmag@ Mt elicit a detrinental inmune
response in a subject. The preferred noiety is all or
a portion of the Ig consQ&&“ﬂL@@ on, including human
or non-human primate | g constant regions. Exanples of

sui 1481 fe"%mgeq:aﬁam@leqs Gel fodd SReCific 3npctmetitie inyentipnyiz

||lu% %@%@T@%@tldf%ﬁp (%Jl%?ﬁ%@ﬁ%ﬁori g% Ar%%@psﬁ@)s for those

of Blgﬂ:&h (Heg&ide Mha)exaimplgE€ehOlidEan Hiel Gbﬁstruleﬂcdsuﬁhiﬂﬁgttlh@ invention,
mai n or the CHL, hin

asél’ﬁ‘él %é‘?@c%’n’ﬁ'eﬁ%'y p\%\{'gﬁ 38?@ ¢ mashodelogy asd qy@%wphfuoatlon that are
useRPH %%r%ﬁﬁ%é@é)%%é%f tl‘ﬁir fn%ﬁ 5n BHBE% \%{t’lﬁﬁ UeBects.

as binding to Fc ors enen - depe
cyt Exeripies ¥ ahGiChs set foaiﬂntbejomf)de@epbecéapwments relating to cell

cufi e BRe S Tt SelBslobe(Rer eipioysd i SomRingion Wi
delq:ﬂalt mﬁ@ratu@mﬂs eEkafipis é%é&lﬁ% SehnfhtERafig }o cell

ere the nutation nodulates the capability ©
CUM@ nrgC%ﬁe&u iRKlVing temperaiurs shifis dewisprtge ciltdreciupagithgno

galbfoss3Bal! IExbinples 7-13 describe experiments relating to cell culture
processes involving 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 culturing 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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of the Ig to bind to Fc receptors. For exanpl e,

mutations in the Ig noiety can include changes in any
wonolosssal its cysteine residues within the hi RgEUS2003/040939

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 proline at position +148 substituted with

a serine, as shown in FIG 8. Further, mnmutations in
conitaining glaliaaige, smdiurinrtdbmbenhm/ iirmylihhandi ensthotrerdte (Table 1)

oSkt 14 u t hen ni ne; | eucine
s 5 sl 4a0658 nud i BDobL elinegt f ffnainaspigrers were
in@ -3 ° it 147 substltuted wi th al ani ne.
In%&%ﬁg@%gg?éﬁgﬁP(?%ga?%g exanpl es set forth specific

aspects of the invention ti bll !!ustrate the i nvention

and provide a description present methods for
t hose of —ski in . tha art The avnnﬁl es-should not be

construed| as M?W'FF'&PFE'@ i nvient i dhONCeration exanpl es

merel y priovigediaRfebipeoneRt hodol ogy and
exenplifijcation that are useful in the understandi ng

and pr act| ceChrCReSxmMeidstli on and it $OvaKk ous aspect s.

Exanpl es |ﬁﬂﬁiogera@a$|§5ag @rAt bel ow descri be
experi ment q relating to _cel culture processes

i nvol vi ng a GRiGH® &8s Arised enpl oyed 40 nidnbi nat i on
with nultjRligod&imeehiahdy eaghi fts. Exanples 3-6

descri be exnerlnents rel at| fo cell culture

processes| i nEBrOHARIXSadel at Ur e shi f 49 rdldlri ng t he
cul ture rup se feed. Exanples 7-|13
descri be exg\g% nt@%”?%é :)1 to cell _culture

processes| i n@@f%@@&!@aﬁydd addi t i on 46fmidol yani onji c

conpound § :}be['ﬂ gal act ose feed and
rrultipletgan ure%ﬁh tsB] EXAMPLE 1 This Exanpl e
general | y| descridgkdamihe D- gallact ose @9%h ghuous f ged
cul turing proce e present invention for the
cul turin @ﬁvn@(g%é t cellls that produce the
exenplifi ed C'I?meh@ ihedinon priot ei n ad.1deklcri bed herein

i n Exanpl|e g%l Sisr e expanded in nodified CO-CHO
medi um (| nV| t ro Eﬁ 67 W) 2004/ 058944

PCT/ USZOCS/ 0409(3@\/1tr@gﬂm1) a| ni ng gl utam ne, sodi um

bi car bonat o nd—retihotrexate—{ fabte—1)
using T-71 5 fI aﬁ%hét%ﬁﬁ 500 gnd 1000- ﬁfﬂ/l‘spl nners.

T-fl asks |and 38 miesadutisey e  ijncubat ed at 37C and |6%
C02 Tabl g 1(!&%9&5&3%&%9&? Concentration
Sodium bicarbonate 2.22 g/L
(Mallenkrodt Baker,
Phillipsburg, NJ)

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 Inteliution Fix32 recorded
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Medi um Conponent CD- CHO 25x Acids | 40 m/L

(I'nvitrogen, Carlsbad, CA) CD CHO 25x Acids Il 40 m/L
woOhosiossaagen, Carl sbad, CA) CD- CHO 25x Sal ts | pd0/uskdoB/ 040939

(I'nvitrogen, Carlsbad, CA) CD-CHO 25x Salts Il 40 m/L

(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 1/L (20 nM sol ution)

(ICN, Costa Mesa, CA) Sodi um bi carbonate 2.22 g/L
termaraterek rnbﬂtanlgdh@rthrdugholut petsur@as NavsAfarercomirfolled ivient

the culture vvas transferred

ro{ nO% Il’g\{as ner 5 W%é@? Eﬁaqm)rt\ﬂa@ Yomerged\igt (G wg pore size)
an\dcth%h thesasetol H@EM 298%&83 oUEId' c_lJPd.FLog%erli_ was

seedi ng density was ceIIs
spageskihrough samglfdsior Mcbotrolecm@@m spalr@e@ﬂﬁouglh Isaf:he frit for

nigl5 s rE] pAPE. L0 sk BFL60nEe! Wasianlzed ia agdlign 6] N NaOH.
NY) TelbumResl inthiebiofedRtdriad§ivEAREIAIRT Bolyd et sing modified
2 A et Being

acqut si tion syst em usi ng | nt ['ution recor

eREY mediwo4iroismen, &) (5106 2), ct08aiting gopese tglutamipd], insulin,

TC Pl (BEA3R CigkHER, AP o oRE s KPR mahindr
staﬁmehemyfprdst |r(dicul9tI@W 8 rﬁinz'rﬁa.m @fn%tdm'ltiak&l?olm% was added as
actor head space fo renoval . Mol ecul ar oxygen

RY mgsliyget ﬂa% gw@ﬁemf@tmlow& gAboadzaicwlaied \QOBMEAEaS
t
adaeawﬁ nb 'g'ﬁ?gj%o%r@/efl bhkk Ec? 5 Zgé %S%égﬁ?&agﬁﬁ g)ircr)cges,ﬁ had a

Low si trol was rea
duNgion. 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 following
parameters: titer, sialic acid, glucose, lactate, glutamine, glutamate, pH, pOs.,
pCO,, ammonia, and LDH.
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The culture in the bioreactor was given a daily bol us
feed using nodified eRDF nedium (lnvitrogen, CA),
wORadalossddy, contai ni ng gl ucose, gl utam ne, i NsSBCTMS2003840939
Yeastol ate (Becton Di ckinson) and D gal actose in the
foll ow ng manner: starting one day post inocul ation,
a mninmumof 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 fgabknpati on process had a
duration of 14-21 days. Sanples were taken on a daily
basi s frommbgifie@2RADF Medigdi ] € US€GndHirdtfon|  count
was stained with trypan blue {(Sigma, Cel | count
and cel |l i abi I‘F?W‘PQEG'& m nat|i on was perfor med vifa
Henocyt ongter’ IVIéﬁD.};bFUpe For—anal
net abol i tles, additional sanplie was centr I;‘)uged for 20
m nut es ap (Ingivogen, PiarlkEo) Cior| cel | separati on.

Super nat qnﬁmWW
paraneteris: titer, siralic aci|d, glucos *Iact at e,

gl ut anmi ne|, (YW lﬁMﬁ’MﬁBl’OQbEak@‘QZ, pC2i anmoni a, and
LDH 69 \IU:) 2:\ 4 '-l-l-l- I'\.,II USZ 31’ 040(\’){) TuLH T 2
Modi fi ed |eRDF I\}éém? n'E8ncent rlat i on (%F‘%‘nent eROF- |
16.8 g/L | (I nV| tlnvaty@gan)Carl sba CA) dextrose 30.94
|
1

|\, | m no A 1 all

g/L ( 'IVU.II 1 "UUTL KT I} :gl Utau 1 T T
(I'nvitrogen) ﬁﬂh”ﬁaé]q'”?lﬂlg‘m in m /L t erg/ m”_)

(I'nvitrogen) TQOYegstlol ate § g/L (Becton D ckinson,
Franklin |Lakes ?r ng?al actgse 0, 3.0,12.5, or 20.0
g/L (Fer|ro- Pfaflg\f " Waukggan, |IL

TC 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 impellers. Inoculum culture was
expanded from spinners to seed reactors and the initial seeding density at 5000-L
scale was 150-200,000 viable cells/mL. Experimental methods related to the large

scale cultures and process controls were identical to those described for the 5 L
and 50 L processes.

EXAMPLE 2
This Example describes the culturing of cells producing CTLA4lg, shown as
-1to0 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
woebtei4sess steel reactors (Feldneier, NY) w thpanas2003/040939
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
proceagsearclia idallg $eeding psgicensn adnidh alsaliveidid isdemrininglkffestive
those %fscrlbed for the 5 L and 50 L processes.
ga'ﬁﬁteseymreeseaégbhhﬁﬂeedmeﬂ@dmur Irgrayed product
I shown as -1 to 357 or +1 to
qu%@?eﬁﬂﬂ@@%ﬁﬁ%ﬂ encog%%% DNA deposited as ATCC 68629),
usi i@yltuse cenditioneirsthaf 5, eBQoend@ﬂCHL blaretoioes wer@bblntwlaad as

r co I s rel tedtot titer and
fO'Lq“éﬁ eH fo& rsﬁ sohiadpyasn qtrf@ 95 Gt agﬂab%ahéﬁJ SW&@ack
n L
Pro@Hs ob 5 1 famBRIA PRGNS RIPSAL Shids iBdeldis), P4 1B gfierature
shifoo=ll Q580 4nEDH SAUNRINYD 489 teppecatare ahB7<C,dawked to a
feedin imen in_which a sialic acid sustainin g

segpndiq 9%ra%é1rﬁonrﬁ4°§f o PRNDISER ik ioneRasature B Geon day 10
' gedi um | nproved product quality enhancenent
Wg\ﬁaeﬁﬂgg)ger'ved. Culture conditions in the 5, 50, and
500@dschptivreat Erpsrimental Setd rol | ed as fol l ows: pH at
7.0, dissolved oxygen at 40-60% agitation at 30-50

ExpprimenealiSetlr &sis duRu@twith fisid hadhing Rihi¢H esstaired s DSgdlactose;
gl ass reactaors -tenperature shift cell culture

Exﬁéf'm%‘ Aoridl: %‘l‘rgc%tuf“i? th fee@ﬁ&@vmﬂ@hl@h conigine@vigraed/L of D-
9 fé% second tenperature of 34C on day 6 and to a
H(fterrperature 32C on day 10 was enpl oyed.
ExpedoenfdliSet IBf SBxpeuliurentiti feSetrae&ivpe whittnt¢@itaibet! o D-
% culture with feed nedi um whi ch contai ned no
ga g%ﬁ ®actose; Experinental Set Il: 5-L culture with

ExE)@(ﬁﬁeﬂPéi'S’éf‘lWh'S@jL %QWG@' Wnﬁﬂjfe]e%} medium Q\fhl@i c&ﬁbﬁ?o%@ g/L of D-

eri nental Set | : -L culture with f
ga!mmﬂe ¢orfexperisaental Bet @élthgaka@msempdmamdnsaontﬁmm an day 10

oy 4L B TSR B REh b o 0o

16f;eed was di scontinued on day 10 and regul ar feed

medi um (W t hout Dtgal actose) was then used from da
Expgrnapgytal Set V: 50-L feed culture WIth medium which contained 1 5 g/L of

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 VIIl: 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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16); Experinental Set V: 50-L feed culture wth nmedium

whi ch contained 12.5 g/L of D gal actose; Experinental
wEe00489450- L feed culture with nedi um whi ch cearaismmad040939

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 VIII: 5000-L culture

with feed nedi um which contained 12.5 g/L of

D- gal act ose. As observed fromthe results presented in
50rkisicaleg whighewas glissontiauad g idayf1 memabwtlphadlmpmme impact

orl FEHIATBN Ak TEERATGMaT Bl Al ofacie g’ o686 ab dug Sl acia

Ie@&@ﬂ@b@ée%bboh@té?%vm SThe dégréébmai %ﬁ'.ﬁ&*eags% with a

was included in the féed. Furthér, th |t|
higher qongantiatiors ef Brgalaatowe (@64 058dha feed medium at 50- L scale

I T N SN N T

feed abmd:@tttramndﬂgh@médﬂmeihm%ﬂﬂ/ feling gl émployiideeding
but sialic acid |evels decreased soon y er

1),
m%@yﬂwc using Begplaetose. sjalylation increased with a
hi gher concentration of D-galactose (12.5 g/L) in the
feed nmedium at 50-L scale (Experinental Set V; Table
3; FIG 1). This finding supports a higher D gal actose
feed concentration in the Tableu3n and a daily feeding

regi men enpl oying feeding nediumincluding
Expdligabase. Feadihg statbypnyl esRpafa) FEedalagdosd 1at EgiyerSA
( NANA) | act ose Titer #|tor | ar|ratjio to ([ no]ar
r';I?i 0 [§?L] scal e total p&@?'@[ ﬁm?% E'B?IQT ratip; }gﬂ']
protei|dfalel 5 no D- gal act dstetal pratéia] }. Sto80®@I 1./8 f eed
medi um g_qlay 12) (day 12) (day 14) 11 p}é ]g/ L of 9.1
15.9 1 gal actose in fleed (day 1P ay 12) (day
14)  rredi ufiaPioaketase imthgal act 68§e i n the8!§ 19.2 1.8
feed medium (day 12) (day 12) (day 14)
] 5 12.5 g/L of 9.1 15.9 1.9
D-galactose in feed (day 12) (day 12) (day 14)
medium
i 50 |[no D-galactose in the 6.1 9.2 1.4
feed medium (day 13) (day 13) (day 13)
5.0 8.1 2.0
(day 16) (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
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feed nmedium (day 13) (day 13) (day 13) 5.0 8.1 2.0

(day 16) (day 16) (day 16) [V 50 3.0 g/L of D 7.8
wohe4ls®44gal actose in feed (day 13) (day 13) pediusego3/040939
n/a D-galactose feed 5.5 1.9 discontinued on day
(day 16) (day 16) 10 72 WD 2004/ 058944
PCT/ US2003/ 040939 V 50 12.5 g/L of 9.4 13.3 1.4
D-gal actose in feed (day 14) (day 14) (day 14) nedium
8.2 14.4 2.4 (day 20) (day 20) (day 20) VI 50 20.0
g/ vV of| 804| 14. 52E @/Lbf gal gqct ose.4i n f eed (Tay 14) (lday
14) (day 14 2 11. (day 2 (day 21
(day 21) 99%'6%88%'8 E}G%al ag?aé'sg' K%ayé’?{)’ g. é%)
feed nedi um (dayneb@)m (day {12) (day 1‘2) VI 5000 12.5
g/L off 9.7/ 11.5 0.80 D-gdglactgse in fee% dayl 14) 4
(day 14) (day 14) nmediumi{ln ac€ordance h thesé
experl rrent 5, the addi ti on of (cﬂhygzd acl ogeay2a rot(day 20)

nnnnn ~n cnarw 'F| o Ny nrlur\'l' -\ 'l'\l

91 LILJ I I \4\.’ Ilb \a LIAZ P

VE Fp ter |29 ng (FIG %)ILZ1 A |fur 4h%r incréa‘%e
of t hd D- gpllagélastesedrfeemt|r afdagn4)n | heddyery, |i . (@ay 140
20.0 d/L, had no further |beneficial [effects
(Exper|i mental S8 Taplle 3; FIG 1). FIG 3 shows
the regsidual D gal act ose doncepprati on i1 2 he |cul toyr e
at a donceptration of 12.5 g/ galactose .in the
feed, [which was found to He S%W%I it %‘ﬁﬂ%’@@o @%21)
5000 L 5066 phceb-galaetosadn thieg progaction phgge WFen blss
titer jincriasec {|odium 95 Gaty) M way12) | (ay12)

<

Vill | 5000 12.5 g/L of 9.7 11.5 0.80
D-galactose in feed (day 14) (day 14) (day 14)
medium

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 (j.e., days 6-21), the
residual D-galactose concentration in the culture was required to be maintained at
> 0.25 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-galactose 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
wokbugssates the scal e effect observed during POEUS2003/040939

scale-up of the <cell culture process to 5000 L for

the production of CTLA41lg. 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 EXAIMPLES®di ng t echni que

al l owed for the production of |large anounts of highly

si alTHieexaiiphe tdlaties spatlieaBEr] e tbRTpRXRAP SRift call ltuke
e.g., 5000 L, production reactors. 73 WO 2004/ 058944

prcssss ASORr T Ibed e NVERBMDIaH A< Ed pEvddes matetals and

8038E iRl Lo e REIE ML e B Ing Wk o
remmbmﬁsom that pteduredhe ICHgRAIGSusionpyesh.i n t he

temperature shift processes for the culturing of
1.y ec &)l Gahure Mediuphat produce the CTLA4I g fusion

%3}@%%%(5 ogg'rchlt '&mﬁ&%n%’ﬁé’égd‘celeplep%%%' of &M linGHlIGHr €

ases 0 nocul
gegeraticat aruﬂwaCEJrgItowm ofgrrtgmm‘dss rgifloslgtéatqtnsre&n(cgugilh@sel@’c(erﬁ) ,and 50
It {
ity 15003 i eketionuearbrs ias MoanccabiHe entim sqntaining

gl@canﬁ@é r!dd’c‘ﬂlm‘.lﬂlé&r%hé't% ins0 %HHEJB bﬁ%gg\{;ee(sryéﬂ%.?,gcq\@ad,

met hotrexate (lnvitr ogen,
CAmeepFalde 1t)ha' @Mhﬁamedmmwa@dadjustédaom ® with 1\NHGJDI

For Is pn.t bat ch proc fied
Fouk ot igedlflo S8l h 4 oAl aRRERE £ iy idbd Maalunt e,

eRDIAH ahBditeh ?hvmgen @bﬁtaaqﬂhg@ludds@u [URardie, Tsulin and TC
Yeast ol ate Bect on- Di cki nson, Franklin Lak es NJ

Yeestalpte Ct%@lféqﬁﬂoayEéanklhaﬂ-akeaeNé) dXplei Hewas employed. For

e e oA B TR ot oS0 DRI iy, thapt of
the\te@dirad hmdlumewmwdjtjsm tof7.@Mlith tdnRa0Ehafter the addition of all
Production Phase in Bioreactor The production
CORIPONER or was initially operated as a batch reactor,
wth tenperature, pressure, pH and di ssol ved oxygen
2. conPéﬁﬁHg?PBrP'las@s'él Bigrgactsred and control | ed. The

CongiLi 0, Qétlérf'ﬁogéactt&r \ﬁag\’ﬂﬁtl dé%%t%gl n%’é’ %{Eggbiwulreifa%%r with

t he V|a e ce nsi t and
ternpetaie, oegssued,aitd it @l&tssoT\Jw é)@@élnr@ncehtraﬁéﬁ clussly monitored

an{:l 2::9:9 rﬁh%(? %Egtq%géltl%w Ir‘thé gglttljrrc]anv?/gg leeéllug?ed gyt] (ra?leasurlng the
viable cell density 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 impellers) were used. (see Example
4). A data acquisition system (Intellution Fix 32) recorded temperature, pH, and
dissolved oxygen (DO) throughout runs. Gas flows were controlled 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
woroi4vssdsmpel | er) and 50 L scal e (stainless sPeEiUS2003/040939

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
coatrolilbmer ged frit (5 mpore size) and through the

reactor head space for CO2 renoval. Mol ecul ar oxygen

3.was Eqauig%$ttdtegygh sanme frit for DO control. C02 was
sparg{ed through sanme frit as used for pH 74 WO

20041 @5gwrrs post ozytion4agedy misimurlof 196 orﬁeelﬂwmg/olume of

mé?lfl%g/o%g‘%b %eabrllé%g[) %%tq,dd%%ﬂﬁ{hg&? ﬁﬁg? #ﬁ]@oglucose

conedmtwaﬂomamgdoted g/t ¢ baﬁ@eshh%lﬂ@ﬁ&l@é glJco"sE%o%éﬁt‘Pétﬁ)n was
concentrat| on was >- I'n casés in which

belpwi sk, herciume af the dWé)ngIUélf%&d &/ag;/q_a,lcula'@dvtolblmg tbe glucose
L SRS BB i e

shfaetsd amount was recorded on batch sheets. 4. Sanpling
Sampl es of cells were removed fromthe reactor on a

4. dai Iganhph ? A sanple wused for cell counting was
stained with trypan blue (Sigma, St. Louis, M). Cell
couiamplas eérells,vears remgvatbtremdhaaeaomrmraedpw basised sample

s T G Al G dAS MBI B BV EEGRER Broret s gy ool

cotmham@selamabﬂlﬂ,ﬂdeﬂ@mn(n‘b@bnfv@éreqﬂrforﬁ%l@a\ﬁéhleﬂfbcytometry using a
per nat ant was anal yzed for the follow ng
m'ﬁ@ﬁ&%@ ef 8r apalysis Ofsmgﬂab@“tﬁé: addlgpml@emplem&@@tnfuged for 20

R SIS Ao ST or v
follma\mkg parsnsiersstilser dalio aciéglatose, Q&btanaEnﬂe ritamate, pH,

| e descr.i bes, the production of shown as

pQ?in 2g8fpmRnia.;ang, optignally, lagtaie dehyds ﬁg@aﬁlﬁeg (LENR. Additional
bag}'ﬁ*@%ﬁ‘&'ﬁﬂiﬂ%ﬂ%ﬁﬁ%gﬁ@%g omcultured CHO cells.

e further sCribes a process of this

invention for producing bg&@w&_&uant ity and high

qual ity CTLA4lg protein, i ulture runs

haVTI'hE EXanI@fdééibh?@s #ie& prdRiEBsh F OTE A4 f doviids 19181357 or
+1 to 357 in FIG. 8, (encoding DNA deposited 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 controlled at 32°C from the shift on day 10
until the end of the run. For the thrge-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 cell viability, and
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28-30 days. A tenperature shift (T-shift) from37Cto

34C occurred on day 6 (end of logarithmc growth
wohes@ssamd a second T-shift from 34C to 32C ecTwsemd040939

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
voklméurlcmlrodilucttvﬁy, esrtparfedt Wigh simgleTeenperaties shift deso térmpdrature

srfiise Bt i rebicrats sBaSERBaB St bine
ex?éﬁﬂédﬁ%@qaﬁQMéPtheVé%hH&EFdrf?ﬁn%&%ﬁt(bMI‘tdr}haq)ur : s% two to

single tenperature shi
thregngeekan( oaidmmeat)arwjnlevmahntalhmgl higle cell (vmblltties sﬂeclosd tcalhdear
third

indrii af il ! BrSrie R Deshituhidiariyt ki piddieion eriod.
Wee@-lOQfellé QR_e8 r‘fér C‘MlAhlq %r@éﬁbﬁ'v&&e*@x@ﬁn@@& 'ln mOdlerd CD-

viabilities. Aclose to I near i ncrease of the tit
Chb@ rpedidoreoniaining gkitarsine; kodivghbicarhanateriodulit, iama methotrexate

RSB SBhE 3R o AR A soo e

spHridr&BélRo, Yatblam W@amﬂﬁﬁseand B5hkrs wéﬂéjlncubated at 37°C in
net hot r exat e (see Exanp usi ng T-75 fl asks

6% C8=i Ader sgtiﬁﬂenbmomnawas woeea’ce 5ihe aulturs piasrieansferred into

o SRS MR ST A 9 BRRE, ora

Synacusge M) atigo3L bh SOElerMihg WM m'pfe@r\veiyd ¢frth@ abave-
ei t her a5Lé_ | i kon, Foster Ot CA) a >0
degprbechmegiun Fdingraitial seeding densiyy wm)ahmuzf R >eLO o\ﬂatz,l@Lcells/mL

wor H"h%% vr%eg@n Wi EARFE dl’é%Hbr a@,;{d& R ¥Re rﬁs.gﬁé h@@@m

medi u he rnitia y was abou
(Appld@lne Fosler Sityl CAThieS50 Lwessell waea saalgleasssted aehetor

(F%gw&g%y%ﬁsog'g) rLéaq\r‘r'l&?g’%Q: l ozfrgr %Apﬁ&e@ %EE? ['slcquisition
sy§eaflisihg Irﬁl’éﬁbt‘iﬁf?F 832 d(ﬁﬁéﬁiﬁ}d}‘he FoRYOroS A PR Qrd’éd ﬂé dd&ature

mari ne 1 npellers. ata acqui sition syst em usin
pH, engl disaalad Fxygen (Q(h)t iBroughos rums xGas dlowsyereecanttadlied via

o BEEICS i FEF S) HEAP A8 By L R SaBor i o

subiciGed frives NeNpbld sise) dhd thrOugh YRS rée6aechd %&é fof CO,

reactor via a subnerged frit (5 mpore size) and
rempvaludriolepelar exygest waémaéq@c@r@mh sape fritfas\R0 control. CO;

el O PR A0SR it R0, )l orro

WaISI rehlizsdley atititiontof dlN Na@HSIWWncmﬂ liesittion|, ac¥&sable ranges for
eallzedkéévaddltlon of W t hout limtation,
PHap@iSf-Jo PEeTeam)es-& 62, aamf%wnelayty WeET 3PGHH0P mOsm,

prée%‘b?y,%soaﬁéb fhspsmol arity were 200-500 nmOsm
The culture in the bioreactor was given a daily bolus feed using modified

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 level
was below 3 g/L, a calculated volume was added to bring the glucose level back to
3 g/L.
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preferably, 280-340 nOsm The culture in the

bi oreactor was given a daily bolus feed using nodified
WoeRDH/ssdium (1 nvitrogen, CA) with glucose, gl BCamSn®3/040939

insulin, and TC Yeastolate (Becton Dickinson), as

described in Exanple 3, as follows: starting one day

post inoculation, a mninmumof 1 %culture volune was

added, or if the glucose |evel was below 3 g/L, a

cal cul ated vol ume was added to bri ng the glucose |evel

backl heofereglation govessload AGk8aten BT d829aB6A48%38 and 28

dag/rs]ea h }ﬂg@%{% Ll%g Iarra@ére S g@n ef the, dur ulre%ﬁgr? %ﬁéé se/asle correlated
withihat adie dPfenigtratiivé HifEfOF H{ht%n 5@a‘mp§lé§‘v\%r§ QA @ﬁ %ddally basis

with the added tenperature shift for that run.
fraxe the feacter fonanalkyais) fqm@@mple,rsamplaexaeelafor oell Couant was stained

wﬂ'{@y at dﬁlu\%i Sﬁgrﬁ%,%fg!l.rggp m (‘g‘ﬁiggg{]toe{ og%e?leaﬁﬂ]y d%ag(rpmatlon

waEopevforamstl asihy a\h@’ﬁbéytbtaﬁe@@{ﬁd%@mur@r\nam%t&ﬂéﬂQfeﬂ?‘@mder a
using a henocytoneter and counting viable stained

MIEEASCaPandrér analysiscofdaeiahelitasoan mﬂtm@ésmple aliquot was

oS358 2% it BT kT BL GRS T ppgpmatan
wamm?iécsforﬁh’@tewméf IR dcid V@@c@é@'ld@tﬁfé oRitaind, §litamate,
titer, sialic acid, gl ucose, lactate | utani ne,

PHy IR R&Qe; amsprenippand bBh: usmﬁ@@halquaﬁ@r@motqmmg
Cohggﬁ}m,ﬁlngmfgr@tt%ghs conventionally practiced in
e art

I's” Exanpl e descri bes and presents
the results of conparati tions to assess
vari ous tenperature shlfmghﬁ procedur es,
i nc step cul tur thods, carried
our 1 el i bis Rt presutithaedls O smentative
evhRie8Bhs Rf‘asérék% \%Wi@)uk'tél%befétﬂr@éﬁ)t &lﬁtuﬁh%?)%ﬁéﬂu%é‘ lpclgding the

product was determ ned, he end'titer sia
mudistercewiusing reethods, parcﬁlteeh cmt in aeccm"ellahce athi dn agpextt of hiee

o Tk, P A A B B8 dotormins,
asd%relthe)endﬁx@l%lalﬂfaéla confentlof Ehél[ﬂﬁbtémcthé éelﬁvlabﬂltﬁaﬁﬁé end of
Il - -Band I1l1- refer to the sanme

th%@!ﬂs (@th%"é/l%hj'ﬂywwth%elbawweafﬁbe gndrad '[Bﬁ rgns (viable end

ip .assessed at different times, i.e., for |-A
S nd I11-A the product and ceII par aneters were

assE&pedmﬁt&k—A,lMchwsl FCf A, I-B,and H-8; aind 11HA,-IB-Bwahanil-C
C and I11-C after 28 days

11
fef?h&@%e%@? eaLAbLrRdle thl} i SrsRe {emRe BT pielg assessed

at Hifferent times, i.e., for I-A, lI-A, and llI-A, the product and cell parameters were
assessed after 14 days, for I-B, 1I-B and IlI-B after 21 days, and for |-C, II-C and
I1-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 cell culture fermentations according to the methods
of the present invention.

Experiments |, Il and Ill were designed as follows:
Experiment I: 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%

wagod4assam at 60 rpm and initial tenperature RCTAEEN03/040939
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
vvas controlled at 37C fromday O to day 21 (no

¥ rtlaes:leilfw}tureﬂém{@rammé:&/\m#ﬁrolled at 37°C from day 0 to

P 2003/ 040939 Experinment 11: the cell culture
day G pER AN CrERMEsG B) FaE Adsibale temmarataye Shifb.  day
—xs‘@ﬁrﬁ{%“*t—ﬁg?h”éccé'f AR FE ephReiyad chBlPib St FEREFANAS 0 o

d € eyt Y/ o
am atea (D@idn@@g?tG Bdfayf 1 ograarfp%'tz% qué?nﬁlgda 11 % ?c% gé’l%f? (two step

m day
tempataiuneeﬁﬁlftmw{me@féwesmefsenbmeetiom)e of the pr esent

" EABe R ery TR AR08 b el iR GRS SRR viawiy
andefidbld ensii defl deFrit aedesddedftar ol 44.QRY cUUFA! Fh WHR anf ibitial
an injitial (standard) production phase; Experinents

Stmd@dé@aodp@ogrrem*hE§@erﬂr@§m& ly- Baame‘é@eahmreesearesults

oSl d 1S S RS B 9O RIS i

Expstmestsi\&Ct and ¥-Q8hdmthe ubsultscasdssediaiter a zaad@yldulture run

Xt dd d hase riments IV and V we
W'tﬁérg%?f% hgﬂg%\ b??@nct %PBP@&@?E ﬁmr'mﬁrﬁﬁ 1Y ﬁ@débWt%[ﬁ @erformed

in §50di blo@@éct@ﬂn%ﬁ‘éﬁttﬁé’Ehﬁlﬂeac%rfcﬁﬂdr%"\@er?[%nt%tllea as follows: pH

di ssol ved oxygen at 40% agitation at
at v &) dissiolveshpeioanat d084; agitation Bx S6rrpne rains! |hi¢1ahmpera&rre at
37g§5| gned as follows: Experinent IV: the cell culture
nperature was controlled at 37C fromday 0 to day

6; E&p@ﬂ@eﬁfsol"v Q@d’VGWér‘é A8igridy aé'ftﬂ s:32C fromday 10

to day 28 (two-step erature |ft "procedure of
ExpedmpntRé&nthel cmlletmlhuw)emﬁmpmlermm chhtrolteal ated7°Coiubmnudasy O to

e ntrol |l ed t 37C fromday 0 to day
day B BF S APy finuio 6oy d apa 18 325 o7l debhd @:ganes wo-step
terfigeraliffe sHEpAiceddRCof e r@%nﬁﬁv%ﬁu&?y 28 (three-step
terrperature shift proce ure esent
i nvERpetment ¥x plee catk ntikburd- témp‘éfﬁuwel/a‘s’ -dontrefled at 87¢tMérom day

me cel |l lture run with the same tenperature shift
0 t‘bgéf’ 9 &t Qésﬂgé@@a day 6dpridayr Kt BRiedrom day, 1Q‘f@rday ; and at

Soi@4ﬁ8ayéj9)¢?g?to @_ﬁg,ééedjlﬁrgfea%%g’g%@é?ra\@ﬁeeshq Sp(?gcsee ur8o tfﬁ”ue present
invention). Experiments V-A, V-B and V-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. Experinents IN represent

five different culture runs as described above. As
woesewosgad, runs of 14 days are designated " A" pCTaIS2008/040939

21 days are designated "B"; while runs of 28 days are

designated "C'. Table 4 presents the results of

Experi nents denonstrating the inpact of different

tenperature shift profiles on the production of

CTLA41g by cells in culture at the 5 L reactor scale.

78 WO 2004/ 058944 PCT/ USIably 440939 Table 4

nmen Reactor-Te nrm‘l'n End titer l:rlfj_t or End

SRR T br T SRePHMED| [End§1S b Ene vl 10 S [oraclgr| e Viable
( NANAK F°® bnd Shicel | endise| | (L) ((I'Emml.\*);eﬁdSmal easll  |end cell
(NANA) € apility density sef to rat| SJ— .
100% | cel I s/ L) Product titer ,(é’g’ht[jR ﬁqc"ér a@ﬁﬁ%‘? }"aa{oﬁlgy density
vi abl g end| cel | density assesseettaf tleratip}-day rup k) hl(x10°
initial (ptandard) prpdu i01 mﬁ;@e 37C (0j - 14 |-A 5 |cens/mL)

days)l 0 73 1nn7'2';°,';ﬁn T-shif '21(‘(0-
6 days) I1-A 5 34G (6 - 301788110582
Pr t |ter, (?ﬁ gel&ylé jlity agﬁ |Vfaple engfél (ig‘lSNy@saedeﬁgt’ aftqr 14 ’gaysrun with initial
(St );pro JOQPB €315 7 6 17 5 31 —days)}—32C
14 day) 317\%(03t1é’fp -shif oduct iter [
V'I-Aé.bl |f$y and \agdl e end&}géel dgcgm tly atgsesseg af te%r8 08
21-day run|wi_ thr.gxt.ended production phase
37°C (0 — 6 days)
II-A 5 34°C (6 — 14 1.30 178 8.1 105 82 1.5
days)
- one step T-shift -
37°C (0 — 6 days)
n-A 5 34°C (6 10 2.30 315 7.6 17.5 81 3.1
days)
32°C (10 — 14
days)
- two step T-shift -

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

37°C (0 — 21

I-B 5 1.30 178 6.6 8.6 20 0.3
days)

- no T-shift -

37°C (0 — 6 days)
- . . 3 8 0.4
II-B 5 34°C (6 - 21 2.70 370 5.3 14 2
days)

- one step T-shift -

37°C (0 - 6 days)

-8 5 s#C@G-10 | 35 480 65 | 228 | 57 1.7
days)

32°C (10 - 21

days)

- 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) I1-B 5 34C (6 - 21 2.70 370
w6 280404843428 0.4 days) - one step T-shift - 3PCr(U82003640939
days) 111-13 5 34C (6 - 10 3.50 480 6.5 22.8 57 1.7
days) 32C(10-21 days) - two step T-shift 79 WO
2004/ 058944 PCT/ US2003/ 040939 *: " NANA"
(N-am no-N-neuram nic acid) refers to sialic acid
(SA). "End NANA" refers to the NANA of the product at
t he "erftlAd¥ ”dN -amirex-Niadadrarnip raei) mefers he siadis @lcids(3X%). “End
nt ting . the i ct . of i fferent
torpu IR CieSipbe YAk ehe pradiET 5t ik ead shoaure.
CTLﬁF‘Hb@b Qﬁbr§§‘éﬂt§ the rédilits W Ex g%hn{e'ﬁ?s éleon‘s.?réﬁﬁ@Erae impact of
scale. Tab peri ment Reactor Tenperature
difigrest teiamrwme Isblft profitesl en e prod(gliey) ot EMMLAeihgl bgeklls in culture
nS| ty (99 (x106 cells/nL) Product
at%ri]% éﬁ,ﬂgﬁaf%éFP €iability and viable end cell density
assessed after 14-day run with initial standard
production phase 37C (0-6 days); IVVA50 1.4 95 5.5
34C (6-10 days); 32C (10-1Xabkeys) - two step T-shift

Experiment|Reactor| Temperature |Endtiter| End |[Viable

# s["f]'e shift (@L) | cell |end cell

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);
IV-A 50 34°C (6-10 days); 1.4 95 5.5
32°C (10-14 days)
- two step T-shift -
37°C (0-6 days);
V-A 50 34°C (6-10 days); 1.4 91 5.4
32°C (10-14 days);
30°C (14-21 days)
- three step T-shift -

Product titer, end cell viability and viable end cell density

assessed after 21-day run with extended production phase
37°C (0-6 days);
IV-B 50 34°C (6-10 days): 2.5 67 2.5
32°C (10-21 days)
- two step T-shift -
37°C (0-6 days);

V-B 50 34°C (6-10 days); 2.6 82 3.2
32°C (10-14 days);
30°C (14-21 days)
- three step T-shift -

80



37C (0-6 days); V-A 50 34C (6-10 days); 1.4 91 5.4

32C (10-14 days); 30C (14-21 days) - three step
wo-2680%058944 Pr oduct titer, end cell viability angcviuabios/ 040939

end cell density assessed after 21-day run wth

ext ended production phase 37C (0-6 days); IV-B 50 2.5

67 2.5 34C (6-10 days); 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-shift - 80 WD 2004/ 058944 PCT/ US2003/ 040939

Product Predust titepgnd eel| viakjlitland viableznd coll dénsityend cel |

densi t y 25seseed@ier 2B-day rungvithny furiber sytension of pradvstion
ext ensi #RasHE pr mmf on_ phase 37C (0-6_days): |\/.r 50

34C (6- s)| 2. 8[3% -4 daspd (10 28 days
step(T-Dhlglaé( 37?9(%4@@y@aaysv- C280 84431 697-11.4 C
(6-10 days); 32 (101 B0C (14-28 days) -

three step T-shift &gcﬁ‘ég‘zﬁéﬁfﬁ dermonst rat ed| by the
experingnts in this ErnenpéeT-shifaie] mul ti |
37°C (0-6 days);
V-C 50 1o sec (6-10 days); 3.1 69 1.4
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 cell viability
throughout the culture process. Specifically, in Table 4, Experiment Ill-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 process (including 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 II-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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step tenperature shift profiles were found to maintain
a high cell viability throughout the culture process.

wepewntiosssaal |y, in Table 4, Experinment |I11-B sheas/uskiwan40939
the use of the tined two-step tenperature shift
profile maintained a high cell viability (see also

FIG 6) throughout the 21-day culturing process
(including the extended production phase), allow ng
the titer to reach 3.5 g/L at a high sialic acid
presentemethodsstie fipts mmpearaum@ shiftieirthiec ertendet! dellovdattikip and
e ev nced i

| t ed the hi
th{ B laiR BrotRTR e fRUYS o Pk e ST Rgthadke S GBI
ob%ba}éocfr@ml Thble By paRRHUIAS! for%x‘é%ﬁlé o%é)ése%@aéd 21 and 28 day

i nvol ving no tenperaturé’ shift
cuitug runsd Pee ma@aaleyumeﬁechwhlcm lsejsiuavlramu a:ull;ure the titer

OB 5t BB Felo s e o SRS Gy Wbandsan at the
5 esdalet iHGWevaH I§|’é’ddll? a@@ké‘bla’céﬂ%aﬁﬁbﬁ an @ffeét d‘&% not detract
sialic acid - mathematic product conpared

framyihe pdyantages phthe vaser mpreptecmwr@ttamosmﬁ oukﬁtye runs as provnded
bﬁﬁ%%gﬂfﬁ’tg:r{ o this invention. In addition, the results

resen I'n Table 5 involving cell cul tures

per fAx evidendecabip thd rgseits pessertad & Erampss 5 aﬁoetﬁdb% runs in which
advant ages &f the nulti-ste tenperature shi f

2 IeMRURIUG SPECHAP BeEoBTed PNayfdrf i dithe s @fhthedoganthmlc
gré\ﬁfm%é’éeu & l§é'ﬂefrtre Gifs |ﬁ?&%d"@§ hhardit %k}ﬂﬂy Qve‘?% ApFaiftda,

I'n partlcu ar, Its o
comspmed aithr @ordtoil funoin thelabsened Df attgm@echtarmlshlftt &Xs observed
can be

Table 5 [ . V-C, al FI G
fro) TR fostito oTB B PLic Rt v eredseniwadolt B fhasuse of a
sirlé térhb@rat@rb S, 2@%&5@96&&%&@3@9%@ r?;a% |€%&§3§rﬁigher

met hods, the triple tenperature shift fu er “exten
cell yjabilify abpl|fumtlyeranareatsadsvoluwn@tnemo@minvum(amromnaelmfold

col gl a5 R, DRRSHE oy BLel rofH L i, o

detortrimetd By e eradc a&odcaohtenwftthé QlydopsotelpHigrodact
scal e-up effect, which is usual in cell culture, the

titer generation at thegxXQmpLeator scale was found
to be sonmewhat slower than at the 5 L scale. However,

L This ERéinble ARREAE) SEdnbRlg sk heOoPLIREL 85s 0

I mtheavanta es
Comgite Egatver dowrhiva td tempeua’exre shétsaaa:cpmhng die this rwventibs has no

st G gn SHeSE 87 i Sraniet Bitels” el Gl biiG that is
pradhickt pErT el ek AhfRMEN H@dcHhdahcEwith Me hﬂﬁtlﬁ@‘i‘erﬂbe@}ﬁre shift

|l ogarithmc growth phase, far better results In
cell pyliyringhdeweentatiompneihodswihesosratprastiction of protein in the

process is the result of more viable cells surviving until the end of the process.
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 turn, 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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conpared with control runs in the absence of a
tenperature shift. As observed fromthe results, the
woabawsgasisc productivity was increased two-f ol 8Ciguskivs/ 040939
use of a single tenperature shift. A second
tenperature shift on day 10 yi el ded a higher cell
viability and further increased volunetric
productivity (approximately 3-fold conpared with runs
with no T-shift), while the product quality remained
thépgdduciion odél’Eer:nlgedthby sohublesCALAL raoiedutasnaadtsohfole BaLA4
| ycopr ot in.p oduct LE 6 .Thi s Exanpl.e sen
milahE TR e At BEMn EsPpaFEpPocess I WBIh oISty
sha f
ff’%‘@"éﬁ’?.““o%n %2*‘?3%5’?29?29. [ POPRRTREEITEL I gt the
statipnagyrobase, dbllwmgeﬂxponen@al cedmmmrg Théaatd presented in Table 6
er. cell uni t accordance with
roBe iRty BT Bu I EERL B *Curt ur g
(fernentation) nmethods, the overall production of
protein in the process is the result of nore viable
cell's surviving until the ¢pgi06 the process. Because
nore cells survive for an &Xtended production tine,
nore vi abixemplel/ TsShdr e | Qrlicipediiafyoteine | degimosat gbCelt ei
at the|end @fahdigr Process.pddiicion i N 1 ur@pecﬁﬂc@-“rcﬁén
greatef anount of the desuerd rotein product at thg
end of [the process or |cul t &€y un. Tabl & gduction
i1l usttates/iNoe-gdft |  $pechitar a4 gaysduct | ViH4.y pgitelay | oUs

tines imtd ssSTent et—by Lug—?ggggﬂET———
i nvent iLa IB%(HOW ééh‘r])f({:r‘l fic }!g;é}cr; T tygvi ty 4 er i ne
by the fornul a as present ed supra. The culture process
desidgned rlﬂr/oﬁaﬂéﬁ}ftZUMI Uﬁf&é?%d:f\}%zl{ uxugs%sg@/@?my the
pro uc |u ot aor fala u”I e faea¥ acnl es
and solub B\/%I\fﬁ\_{ ut ant “ToPE&Fes (s PhRYGIdEY

non- gr owt h ass_om ated|process i n whi ‘h protein

produc "HDAPW%’ﬁ%hI §1 T NS4 QY O, [T - B7 5 po/cell/day

appr oximatel v at start of the atlnnarv phase

fol | owf ng" %QB‘%‘I‘}Eﬁ?' t%\I cel MegRboave. T1e 859 RIERIkent ¢

in Tabe6 relate to the experinents conducted in
@ . Table 6 Exanple / T-Shift Cell Specific
Pro ”rﬁ%‘?ﬁl@rﬁfodﬂdwéﬂw in Teklafwas: catedaiast 1ing spkeensity and

A e By Nah e B o B i e

skifidd bragitioakl indilg art, cell density measurements usually have about a 10-

117

D
o

20% standard deviation (SD), i.e., a high SD, and are imprecise. Therefore, the
determination of cell 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 attributed to the higher numbers of viable cells that survive through

the entire culturing process comprising muitiple downward temperature shifts.
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I1-A/ One T-shift After 14 days 55.5 pg/cell/day

I1-B/ One T-shift After 21 days 60.9 pg/cell/day
wORbe4As894TWO T-shifts After 14 days 47.5 pg/ cebChaag003/040939

I[11-B/ Two T-shifts After 21 days 51.9 pg/cell/day

Cell specific productivity in Table 6 was cal cul ated

using cell density and titer neasurenents, as

descri bed herei nabove. As will be appreciated by the

skilled practitioner in the art, cell density

measurenents usual ly have aBXAMRLB@- 20% st andard

deviation (SD), i.e., a high SD, and are inprecise.
ExBmeplefAy e, the determ nation of cell specific

productivity has a correspondi ng 10-20% st andard

devi at i orrhigl Eséémg'lé*?x' Wiabs Hﬁehhl@@n%:}e'ag%ﬁ{svgﬂﬁlon ed in the

these types of cal culations, the anount prod cty
preeessesal tie present inpentidayorf the auttaridg of eecambinant célsethat

or56 B prh g B LA 3 s PR B TR B B
1.1 evadail clilthir® Metiahi l'IShelolSé)éa_EF icBll Eﬁl@tﬂ‘é%eafuﬂ? ufe,ﬁlal é«%ﬁ Pases of

new y provided cell culturing processes o
cefl ineawyrprgengratiarhwas wedified CRECEKS evddiumprasingdining glutamine,

i ] he, hi.gh f
soff BB RMa2, fishd BbY RS elP kB i, KB, B, oo
exetidified g Tablec®SThe PHP6T Slentiediu vBkadienenas .0 with 1 N HCI.
tenperature shifts. 83 WD 2004/ 058944 o ) _
Thsérﬁj%@éﬁe syitredgnediumcased forgrewtnel eultusesTin Biorsagipise including

: \% r [
5 180 BT LSy PTG L 30 AR (A CERTBLRCRIT I ESts ot s e
m@ifie@&DﬁH&mecgmmshd\Ahgm Tadsle@uegcéﬂstaNiH‘lxﬂmmhéthb&dxate. The
104EA29Y1 g as _descri erein in anpl es 7B-13. 1.
P@ﬁhecﬂ]?%ﬁbwﬁéad&mtﬁgoﬁ \é{ﬁhgé}llHﬁl ture medi um used
for all phases of cell inoculum generation was
nodi fi ed CD- CHO nedi um cont ai ni ng gl utam ne, sodi um
bi carbonate, insulin and nethotrexate (Invitrogen,
Carl sbad, CA), as exenplified in Table 6. The pH of
the nmediumwas adjusted to 7.0 with 1 N HCI. The
basal cell culture medi umused for growth of cultures
in bioreactors, including 5 liter (5L), 10 liter (1
QL) 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 N HClI. 84 WO 2004/ 058944
PCT/ US2003/ 040939
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Table 7 Mdified CD-CHO Concentrati on Medium

Conponent

CD- CHO 25x Acids |

40 mM/L (Ilnvitrogen,

wG@aod4asds CA) CD-CHO 25x Acids Il 40 m /L PCT/US2003/040939
en, Carlsbad, CA) CD-CHO 25x Salts | 40 m /L
en, Carlsbad, CA) CD-CHO 25x Salts Il 40 m/L

(I'nvitrog
(I'nvitrog
(I'nvitrog
(I'nvitrog
(I'nvitrog

en, Carlsbad, CA) L-
en) r-human insulin
en) Methotrexate 5

glutamne 0.585 g/L
0.1 m/L (10 ng/ )
/L (20 nmM sol ution)

(I CNabBagt a Mesa, CA) Sodi um bi carbonate 2.22 g/L

(Mal | enkr
except Ex
process,

(I'nvitrog
and TC Ye
NJ) was e
f eedi ng

after the adelPGH26% Agidk liconponent s 4088/LAD

arp I Modified CR-CHO: g
a {M%iﬁhﬁép&%@ﬂeﬁ?di

caontaining ql

tH-g—NJH)—lnall Exanp
g cel ¢angentiationt ed- pat ch

| es

um i.e., eRDF-1 nmedi um
caose, giutamne, insulin

ast Qpaft"léo(%éé‘(c@ﬁ-ﬁ c
MRhA¥EEhN, @ar@mﬂfe/\' n

lum Was adj uste

ki nson, 4PrmalAdkl i n Lakles,
Tabl e 8. The pH of [the
to 7.0 with 1 N NaOH

Co0e oespn RPN Tablo © 01 e 4R
CD-CHO 25x Sallts | 40 ml/L
(Invitrogen, Carlsbad, CA)
CD-CHO 25x Salts I 40 ml/L
(Invitrogen, Carlsbad, CA)
L-glutamine 0.585 g/L
(Invitrogen)
r-human insulin 0.1 mi/L
(10 mg/mL)
(Invitrogen)
Methotrexate 5 pl/L
(20 mM solution)
(ICN, Costa Mesa, CA)
Sodium bicarbonate 2.22 g/L

(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 feeding medium was
adjusted to 7.0 with 1 N NaOH after the addition of all components.
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(I'nvitrogen, Carlsbad, CA) dextrose 30.94 g/L

(W\R- Mal | enkr odt Baker) L-glutamne 4.1 g/L
woOhosiossaagen) r-human insulin 1 m/L (10 ng/ meLT/US2003/040939

(I'nvitrogen) TC Yeastolate 5 g/L (Becton D ckinson,

Franklin Lakes, NJ) D-gal actose 12.5 g/L

(Ferro-Pfanstiehl, Waukegan, |L) For Exanple 10, the

feedi ng nedi um was t hat descri bed above with one

nodi fication: eRDF-1 was at a concentration of 25.2

g/ L. 2. Production Phase i TaBleo8eactor The production

bi oreactor was initially operated as a batch reactor,

with tenperature, pressure, pH and di ssol ved oxygen

concent r gt 13} ' [T Ore ted—The

condi ti on o“?&thﬁgacu| t ul\?g&‘\li'\g‘s eval ua?h%“g}alt'%as rijng

the viablle ceIGomipnsénty and the concentration of

sever al kcy et au | ". Fhefeedi 81 7\,00 WasS
initiated one da er the ilnocul ati gﬁ |=I'he remdi nder
of the flefinetbgdn, Glarlszm clAg conduct ed in fed-bat|ch

node. Bi oreactors—of L—sealie—{glass—~+eactoer—wt+h one
mari ne i npel | er)ae)q'@sﬁ scale| (gl asA4 9Lt wo marli ne
i
r

i mpel | er s|) (\ANGR-BBlldnkeziaBeakdrpt|ai nl ess steel reactqr
with two Hrar-npe—inmpellers) ey used— (see Examdl e

n
2). A datfa acquﬁ'gw{rﬁ'ﬁesystem (1 I nt eld L®on Fi x 32)
recorded [t enper ghwtrégenpH, and di ssol ved oxygen (DO 86
WO 2004/ 058944—-PCF/US2003/ 0440939 fhrnlmhnllf rung. Gas
f1ows werle cortIMadBsYNa rotlameters.! Wk was spdr ged
into the reactglom?]/a\@ submgrged frit (5 gm porsg
size) and throu eactor] head space for COH
renmoval . |Mol ecu gen wag sparged through sarne

frit for (DO cmotyregt;tda@z wag spar gedsighr ough sane
frit as ysed gecto H control.

Dickinson,
Franklin Lakes, NJ)

D-galactose 12.5 g/L

A AS) T T =&t

(Ferro-Pfanstiehl,
Waukegan, IL)

For Example 10, the feeding medium was that described above with one
modification: 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 culture 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 impeller), 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 dissolved oxygen (DO)
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3. Feeding Strategy At 24 hours post inoculation, a

daily mninmumof 1 %of culture volunme of nodified
woeRbH/sdteed nedi um was added into the bi or eacPor/uis£003/040939

t he glucose concentration was >_ 3.0 g/L. In cases in

whi ch the gl ucose concentration was below 3 g/L, the

volunme of the daily bolus feed was cal culated to bring

the glucose concentration back up to 3.0 g/L. The

daily feed anobunt was recorded on batch sheets. 4.
thewghlouhyiréanpas flows vrzm‘eIQDnWeH@d r/'tanm‘mdeferemmas sparged into

eactor .on a dail SiS. used for ce
th%é%‘ﬂf’hé’%ﬁa%“%@&fﬁ%‘é&a 348 it bR AR (oo thegteactor head
I )
VA SN [ S S e e 10
camirot. 0602 yeas sparged thedgk samefritbsaiseel ﬂor EéLedrerol.
(Innovatis AG Bielefeld, Germany).. For analysis of
3.met Heddihg Stratedyt i onal sanpl e was centr| fuged for 20
m nut es at 2000 rpm (4C) for cell separation.
Supeﬁ'%?é‘t rs\pest muiﬁg@@ pslaily meinimwn o % @f culture volume of
O4,.L1
mB@ﬂt@gﬁ:ﬁﬂf’i f%éc{ fied Lﬁh@vzﬁ c?o%'&gnt e 8?%1%5\% e dlycose

coﬂpént@@t&id was|>8®06g/e Cﬂfp‘b&@é@@l&m&&ﬁ tihd- @fd)oosédﬁnbéﬁﬁéﬂlon was
back- uE sanpl es were frozen at -20C. Exanple 7B This

be@&i@pﬂ/ the Rl Qjdae oAl beladeed vmsoraleulategipdying the glucose
1
0 dep03| %C Bvlt(?% ﬁe A 8%|§/5f éﬁg\rh ’%ﬁ%ﬁé‘? geg%‘f—agél 0 bateh

sheetst ured CHO cells. This Exanple al so describes a

pro ess ﬁf this invention involving addition of

poI 9 conpound, nore specifically dextran

Il r

SIS E B SolS Wi Runordh ihfine GaBIGR S & QHRPaciR A sample used
foiceeliGrOntegiwas Staindd Wtblgdanypaﬁ;é]ue:(&gmanStg_cghsl,tl‘dm)r@ell count

n%odllum b@t go nat e Eb (? met hot r exat e usi.

S Rl TR b Rpn W doplomidd  Eha Rah RO Bieneising a

mittRepe Ve Ba ICHIERE REmatic %@@c@ﬂﬁte@%ﬁ%aﬂﬁﬁ@ rBlelefeld

suf ficient inoculumwas 87 WO 2004/ 058944
Gesagnys? Jo3/aneess of getehelites) additionelisampte was centrifuged for 20

ST ] I .
folmih?béﬁafﬂél%rsl fiidr] siblic acidi gacosenattaye, V@é’taﬁﬂ@e Oélgtamate pH,
viabl e cells/m or 106 cells/nmi. The 5L and

PQeeBSEl2s aEnenigl ard, eRiiveelly.Jacigta @@J@cﬁr@gennaam@%h Adgtional

back-up samples were frozen at -20°C.

Example 7B

This Example 7B describes the production of L104EA29YIg, shown as -1 to
357 or +1 to 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 culture.

CHO cells used for L104EA29Ylg 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% CQ,. After sufficient inoculum was
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marine inpellers respectively (Applikon, CA). Gas

flows were controlled via rotaneters. Ar was sparged
wOnom@/osspa4r eact or via a subnerged frit (5 gm peCEUSR@EN40939

and through the reactor head space for CO2 renvoval.

Mol ecul ar oxygen was sparged through the sane frit

for DO control. CO2 was sparged through sane frit for

hi gh side pH control. Low side pH control was realized

via addition of 1 N NaOH or Na2CO3. The culture in
genecatedotheaaitlivire was transferred idd SyorbidiLuliofesdonsstisigg modified

ied, eRDF nme I nvitrogen, . CA). Wwth glucose,. .

CIR O BEduTT RS RRPIRE ARaNF iexCosti Rt ety g itial seeding
dehBrg W@é@(ﬁ@@@@i@ﬁ)e EQIRE draldP@ejigenimanner . starting

one ay post i noculation, a mnimumof 1 %culture
vol Jrh@ ﬁlagndd@éd/eseela wenelwag& taeeiers|asiuippedvaith melecmd3two

mfits it S By 0 BB, A & HER8 Syet BontRidt via
o1t e £ 0 S

anfdhraughaliheoaapton bead spade dort Pk camoual dyipcutsr okygan was

PO s 2L B S AR e
forshigh gk gthbn‘trbV R BidegH Sbatrdl, wAd Dealiee lvi additiordf 1 N

ceII viability determ nations were perforned using a
tic cell counter (lnnovatis

EIEZ;@{? ,}(Lﬁ'g[ué&{ {ﬁ%u C.érseea%lﬂ&%}(,é‘fg@% a‘“@ﬁmﬁhg %&éjtil Lglhﬁar?odlfled

eRD¥E nlﬁmthmr(mﬁmownmmmltl@gmbae @a\lhét@éé g{;l&tm“himm #alutin, and TC
cul ar wei ght 5000 Da

f d f
Yeersgﬂja eﬁ@te% foy 'C&?r@%m@% Tellewingiraanier: skarBngaeay post
inodifatf, B hPimbASof $.&ditufs Tbluhid ?/QE %@@Ieﬁ’aér @WQIJCBSe level

the reactor to a concentration o vol une
wastbelaw g, talc‘@dmd@tesltvqilumedio armgmtcoz%bﬁokttb@ othr Ki ng

bl aclh 2I6eE9b 3 epR A pler B0 BSR4 WekRRpYgIad at
370 itRorfPRTY © 6leneFDatortilyRE RORRIA c;zhe ﬁ&% 4p109bn2

arative study to assess the effect of addition of
poI élﬁlf@ﬁﬂ@nf@bﬁp@u‘mssimceaémcalfdwaﬂ@ryoﬁMﬂ@aﬂays Samples

t i_nngcul
weg g @iron el foliheuBBeiots e SmelosSEl plhaoagoount
wdslcﬂénlﬁéasm blve (Strha,; MEXPET4INEsiin abdaceindalSitity
were desig as _foll ows:
determmatlons were performed using a Cedex automatic cell counter (Innovatis
AG, Bielefeld, Germany). Supernatant was analyzed for: LEA29Y titer, glucose,
lactate, glutamine, glutamate, pH, pO,, pCO,, ammonia.
Dextran sulfate (sodium salt, from dextran of average molecular weight
5000 Da, Sigma, MO) was dissolved into water or into medium. The solution was
sterile-filtered 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.
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Exanpl e 8-a: dextran sulfate was not added to the

cultures ('control' cultures: 4 cultures in 5L
woizoragsor s, 4 cultures in 10L bioreactors). BRamsk@3/040939

8-b: dextran sulfate was added to a concentration of

50 ng/L to the <cultures on day 6 ( DS day 6

cultures: 2 cultures in 5L bioreactors, 1 culture in

10L bioreactor). The average viability, viable cel

density, and total cell density profiles, and their

standard devi ati ons for ExaBEXAMPIES and 8-b are

reported in Figure 11. In the control cultures, a

pI atEas! Exam;il@bbecmﬁsl ariteprisbyitshe rebaIes yrdl coRfjarg®e study to
corresponding to the stationary phase. A

aS&@é F*‘rﬁéeﬁﬂof\ﬁf@@\délondéf| RolyprHanie cormpudapiaretspegiisally dextran
suﬁgﬁera\’%%rﬁéta%rgﬁ%calamﬁ average) for the control

tures, corresponding to the death phase. Wen
dext5laand dOE dicreactoravdesirogulaté withl 0.2 xet0ParlidayL 6f

ase s extended until day 11. Viable
L1ng|Agzr9%%qc&9 ﬁed on average 5.2 xy106 cell s/ L,
ver ftisedimants 800aR§ SL@W@re H%élgh asﬁfg%\K/Q' Viability

remai ned above 90% during thi s exte Towt h phase.
mm_gje@enmn sulialke waseldt adidedito yhandltmretszﬂcootrbl’ cultures: 4
decl i ne din a por.t i naI Shl on,

CUﬂH t%‘&'%eea}q ofisy 4 clitbishin 1oL o ') the viability
Ex mé g-engeieth alRyewd8Bddruitb a é’&yoe%%'atlgh%%@ mé/L ® tRe

ogarithm c representation of the viable
culutresi an day 8<'12S dpyBE cuidirest 2 clilterelsdn Mlomsorw 1 leulture in 10L
bic% {:1:1 sulfate addition and for control runs. The
rates (given by the slopes of the viable cell

dendite aerage Flagility vidble defl density, shenetdicad denshy profnes and

resence. or not o dextran sulfate. In the presence of
th‘ﬁ%ﬁ?ﬁgﬁfd deviptiens Odéﬁamnla% 8-3a8d Spp pex r&nﬁr%cvn Figure 11.
con
5000% B cqRidIRanuiaY alfaryl i Hacldcefbefiain B Brlore
betveert days 6landwg sorrelspondieg tdalys s&t@ndn&ﬁhaﬂerﬁedeulnma viable

el sfeBEa0d Y nily 1ias sseomsbater i § foh Sueraem) far thagoptrol
cublireeedofleysbrivhhd tdjm@tdbdtﬁbﬁagérmntcﬁ@m%aéd]fa‘?@ %\/%1% 4¥led to

a factor of two. te the beneficial effects of
thejeidiyran onudeys8, ethaegg@ fbret@asﬂawae extaneiédointil dap4EAXY @ lg cell

t XEr o at e
dehafPtestfie sty S iPe bRl RS ER 1 GbipLfor the
coistublf Maaonagﬂdemammbwe@b%tduxm@%é?&%@déd bRIwtRIbhaday After

A% g?ll tion Nunber Averaﬂe St andard
day 11, viable cell density and total cell density decllned in a proportional fashion,
indicating cell lysis, and, as a result, the viability index remalned 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
sulfate, 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
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of runs titer day 14 deviation of titer Control

process 8 1.60 0.18 Day 6 dextran sulfate 3 1.57 0.13
wohersmssoamt of L104EA29YIg sialylation for difPerasto03/040939

runs is reported in Table 10. Gven the relatively

| arge run-to-run variability, L104EA29YIg sialylation

can be considered not to be significantly affected by

the addition of dextran sulfate on day 6. Table 10:

i npact of day 6 dextran sulfate addition on product
sulfatadde'by dayiGbiphvetidown Gelhtleath ratddBidy theCaedthqhase by a

trol r Control process 4 5,505 Control Cntrol 4
fa@g}"gp"\’% sulfate 8 6,904) r EXAVPLE 9 This exanpl e

sho f o i f i I

cul e (R il S0 PRHAT BuRMR dietybBuRriofs; product

L16# EARSY gLty Iwps pindlde viithgraetHcat westran salibiat adbitdn @rable 9).
density of 106 cells/nL, and the death phase started

Tabte Gainact f xlayBdexttdreg iifatevaddiideash proddiay L $04ER28¥g titer on
2004/ 058944 PCT/ US2003/ 040939 The viability, viable

dayel4. density, and total cell density profile is
presented in Figure 13 Addjtion of dextran sulfate

day 6Condiiath a cul | Mumhkesul d Aveeagmt |t he Standand enc
of a major decline |nyabl ?tl‘f éa)pﬁls ngyjﬁﬁgﬁ 8fﬂ€e¥\

@]
=]

D

4 =7 s o ) 1 pu | rdf n

o RO (U ol b Blestdator O crg
9] 1 T Cart—otT CoStT U 1T 01 cvecTal
2 Day'6 dextidiisultate. [~ 5 - e 418770 Toi e O-Tna
uc_yo. L] T LLIE™J T UTT, Cr1r CCT T = "4 97 = T Tt L= TN X W%
polar ration of 6.6l was obtained on day 14

The extent of L104EA29YIg sialylation for different runs is reported in Table
10. Given the relatively large run-to-run variability, L104EA29YIg sialylation can be
considered not to be significantly affected by the addition of dextran sulfate on day
6.

Table 10: impact of day 6 dextran sulfate addition on product L104EA29YIg

sialylation.

Condition Run # NANA molar ratio
Control process 1 6.8 (14)
Control process 2 5.5 (14)
Control process 3 5.7 (15)
Control process 4 5.5 (15)
Control process 5 5.5 (15)
Control process 6 6.3 (16)

Dav 6 dextran_sulfate 7 54 (14)

Dav 6 dextran sulfate 8 6.9 (14)

Dayv 6 dextran sulfate 9 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. Dextran sulfate
was added on day 6.
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EXAMPLE 10 This exanpl e shows the effect of adding

dextran sulfate to a cell culture that is in the
wdeeaidvsggaase. A 10L bi oreactor was inocul at ed RCTHSB002/040939

x 106 cells/nmL of L104EA29YIg- producing cells. In

this particular exanple, the daily feed was of a nore

concentrated fornulation, 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

vi abiife vigbilityi, alzibée cell Hewnigitys angl totahdell deﬁltw;&ddflleﬂsrm’egefnted in

Figfu 12 iR SESTH R stliate o e ohoutlhBiauticn pemd grevent the
oc%]ﬁen&é @bb%&j@P Heglﬁfesi'nt\){alf)lerceﬁ d%ﬁgh?%% d%\)yd@ysl' hLléf WRkn

he culture was discontinue
dextrentsaiifatg isuadtdesk dwingothetdeatiaphase, aHll aesdth oaeaimarrested for
Squ@ﬁ% he death phase upon dextran sulfate addition
YRulture. EXAMPLE 11 This exanpl e shows the
ef f egthisfrumdaliing oled BAIN hfl‘@AﬁA%oFéWa@on Ehe 6 Whd %famed
of del ayed addition of dextran sulfate may be seen
oncdpiti ng the effect seen in this experiment wth the
effects seen in other experinments in which addition
of dextran sul fate was deXAMRLE T@o repeat 5L
bi oreactors were inoculated with 0.2 x 106 cells/nL of
Légildwt @k’drgpwsmbmt nt@ e:feédmg aggdmgdmw/ $ lfaafetlﬁidté &8 dgﬂ%ulture
ed to a concentration o ny on e same day
tha?}eSﬂrh@q ?H%%tﬁmmssn (day 0). The viability, viable cell

de”%l §0l. bﬁﬂgaéteP Waﬁgﬁé@d@*‘ée%{Wo B 0 e 8§uﬁq§h@:ﬁc%gﬁA%Wg-

in Figure ture achi‘eved a
prejducing gelish alrm thid partieslad examgle, tfe davky fedl was bahanore

co&é’%ﬁfﬁﬁéﬁrﬁ&@iﬁéﬁ%@%ﬁc@aw ghut, FRCoriRnaR e ogalh mhasaus
%ﬂrmn gy at(Eiduze ad eﬁ)e&ﬂaﬁ%ﬁlfa@wg@n@%g@@%ﬁﬂl“d? 14.
[ US2003/ 0409 Conmpare Figures 11 an
L104bhR2a30ikiyt vrablescej %%damt@aycemdmsnytmeﬁle i lu)nesented in

580 A of LA 5 P a8 BBt o v
vidbleecelbdénsity for aqesdast 4 dayd) %ft@? Wﬁiﬂﬁth@ éthtud@)iva@ discontinued.
dextran sulfate addition (see

r es UNSSOHEMPIgde @QPH"'Q"W@'S’“’#H@P %H&aﬁesft %IfGCQ”I dﬁeﬁ@ dyfing the
deltbiA Gl 8 ﬁra@geweﬁtb PR dtt@qhg%ﬁa@ of the

addi t1 on. out ern heory, we propose
that the observed effeCté)(RMPLE11

This example shows the effect of adding dextran sulfate on day 0. The
effect of delayed addition of dextran sulfate may be seen by comparing the effect
seen in this experiment with the effects seen in other experiments in which
addition of dextran sulfate was delayed.

Two repeat 5L bioreactors were inoculated with 0.2 x 10° 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 total cell density profiles are presented
in Figure 15.  Neither culture achieved a higher cell 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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dextran sulfate addition and their dependance on the
timng of the addition can be explained by the
woizomosgp4of dextran sul fate to diverse autocri RET/US2003/040939
factors, in a manner simlar to the binding of
pent osan pol ysul fate to heparin-bi nding growh
factors (Zugmaier et al., 1992). W propose that
dextran sulfate binds to these factors at their
hepari n- bi ndi ng domai n, whi ch becones unavail abl e for
6 ondpate Figureel1 apdrifacEhd bpa4BA29YId tices obtained on day 14 of

B RO P57 S sfcthThancko st whdnnD, Sidfhdies SaRtiennty
Ieékf gl thetREVCARaihBa nﬁ’il@@é‘@rﬁt‘réli&océﬁs 6ﬂ;tﬁ't{1ﬁ?s<g6%§%ﬁl9day 6

heir receptors. The net effe actors
daﬁfaﬁ(ﬁwf@tﬁg@ddltl@RéWﬂ Examipéd 8).normal action on the

he WasedepEafEiooshol hegPiiedel fie iiiafiomin sufate

additist b9thd sufcontd aMAb aRlitorgr owth.  Dextran sul fate
added on day O irreversibly binds to those factors as

t hey/Viheut hing heead bgithaprgwerprepsse Hatshe p@seme@l effects of
detgp‘gaﬁesﬁﬁ@fé Q4 &ide gﬁdqﬂgf?%lgé?ﬂgé% ?@Mé’ B’é‘m?ﬁ% dition can be

n an adverse ran

expidihed by ¢habinelingof degronsuitye todiveass H@to@ﬁﬁéﬂfébtbm?'irﬂé

roduction. lLater during the growth phase, roductl on
mgffn%rr%w'ﬁr ﬁoatbﬁch*%d'eaﬁ@@nt%aa Ralysutate to B@@ﬁtrﬂn binding growth

fa@hb%d(éﬁﬂedg’l?alél“épglr '1@?)226\%& Ppo8é tﬁatcﬁé‘x“tl%rnesndlfaﬁé/ Bﬁds o these

a hi gh concentration
faetoes alfthtefréep@rlovt&nhdlpgwk)enandwhimb bﬁwmesatﬂna,\tﬂllbbthef@t binding to

he ctors roma, |l ow concentration,qgn
ool 2 30p SeRaFTL AL AR EETePLPBE ke 8 TPaiibrtne FRASu{Atabound
fagierdHail tbkoRBenttaBlA e BEA 8GHAYE! Whish Gt .'é%lu%@{s] kife bRbability
stop growing and to enter the stationary and

of theif hingingsies thaneresepissseTheaet eifsatiathat ihésa tactors do no longer

oL A L o HAES 3o ER AP0 BT g iocuieon

thakels\pregiues ceetalregidnan fadtotd) evrdsevitinctitiaao kgt icBlgvswth.
i nduction by these factors appears to be needed for

Dexdian siliztatideshppciayd irgversiblydindssia thosa dectees as thayaare
pré@YR L Bidifg of B@xt\l\ﬂﬁ%&fgzz hg%SI et F(Frné]%% dvﬁév%rz?mot greatly

stationary phase ors
affectsmil ghwily inder adaarseunbaner, (EEsailp/ laaesca&us@rtde]dé)ls aea/ able to

t day 14 .in 92 004/ 058944
efRondeb R Shed S pflaf Brotisfiohy L@R] dutiag hegrowih phase,
pr@dllcft@h%f@(ﬂ&ﬁﬁ\ ﬁﬁtdiéhéegseé hd t'ﬁ@scemg wigh b?bdlfcﬂ% Qutogrm? factors

factors, 1s stil bound to these factorS at the
of ﬁrmff@rﬁawwepwagée effer! aya high conoealratibh és fosighahitierand of the

| hu
o R P TR B, T e AR 08 2 o
concemratldm drhdag 9ge aOIﬁlgh ldohdéﬁ@atldhh@tf & |Aextiman As tHdt pofht, these
ed on n&(e 11) in the sane way as they

fagiers @f??qtlﬁaly@é@@'m%p@" $tpar9r@wmgaared losenfgadie statiohaly and
th88a Al pHde s I R pREB%Rat dextran sulfate preferentially binds to these

death-signaling factors, thus disabling their signaling function and allowing an
extension 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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The arrest of cell growth and the onset of cell death

on day 11 in cultures supplenented with dextran
weubdsase4on day 6 in Exanple 6 is hypot hesi zedPC®m/US2003/040939

result from nmechani sns different frominduction by

dextran sul fate-binding autocrine factors. Possibly,

t he exhaustion of particular nutrients in the nmedium

following 11 days of growmh may be accountable for

the end of the gromh phase in these cultures.
CUEMANMRIGRVERS &l dexiteanplifate adped es ddyed, dhbieitds bbund to growth

fadfire. it St BounT 14 &g TasioRe Shleentol hertsongt Phase, making it
un'al@ﬂ@eﬁ@%(ﬂ lSiann@%‘de‘&% %@n‘aﬁn@%cﬁeéﬁl% Uflﬂfse%ﬁgénmsé%ﬁof the

L bioreactors. Dextran s
g f@i‘dﬁbﬂh&\&ﬁ alh@ delayed rogset of eelbdertbrdo bt aocuoin theOcasgy &f cultures

il b8 el S S0ehbr 85 B b 77 AR SSAG 845 as they do
in tHd eabeOWheRY dbxtraheuitali hiidyd aﬂfhevwd)bﬁtr@ed,ﬂomﬁﬁ B@gﬁ!

profiles are reported in Figure 16. H gh viable
dendihe argegtof £g gai@mhsand_w@m@t@éne&death on day 1tiinewltures

SBBRFT k10 0oy Bl W Ao o

fronhenechiaalynes d&ﬂelrerdeﬂ‘tﬂ'nﬁnducma(byad@ltbanfﬁllia@é\‘bﬂﬁjlﬁ Butocrine
vvtFp b@S In contrast, day 5 addition stabilized

fa‘iqﬂ@ Viossibly. dae pxiristion ofiRartiotlariyatriests isihe gnediem following 11

dagg l%;f"bt’bv%q'ﬁﬁy b@‘taccBbﬂﬁbF%fd?ttﬁ RAGof %ﬁ? gfb g%at\éeem ese

density in the dex ran sul
cultutelsur e was al ways hi gher or equal (within nmeasuring
error) than in the day 4 dextran sulfate addition

culture, and the viable ceEXAMPEE(®2 i n the day 4
sulfate addition culture was al ways her or

d
eﬁﬁﬁf his Gxample ¢riaRaiesHbe &ffest of addition af deﬁéaru éyl?@e at three
dn‘f@?éﬁ{ e§ Hhﬁ,ﬁ%@“ﬁﬁq lgpé\Nﬁg& £ Thus, it appears

rom IS exa |mal tlrrefor dextran
sul Catteresdafi It 1GHEA20¥HY- nrbdu«ang cefls teee inticiztbd @t 90 bells/mL in

- BBRCamls VKT et Ao o B PLlbies e Gomeaiteaion of

50 FAGA_t At QI r t
g butefﬁﬁﬂ”“b@ AL s A Bfiald rad eliel op day 3, in

angihier g day fanscinia/irgtorsdapbl i zi ng the vi abl e cel |

ot SN Xit A @ Sl SEhEAY ordHie AfeCinaBre g Figire dg- Hioh
vuabtme@lleaél’mltléHW@SBN cyélle/mEI abid %@iﬂevé@ gi/?lﬂfﬂtrée ;éal;és of additions
provi de a substantia

S but may fail
dqy Jeag@ ’let U?ea%@féebéwlt'a@%éd&m 08 4 dikagirevedt adecline in the

VIaE? Caellﬂe I&%C?/d'a %ﬂ?w}hé SU|4rbw gg%s%llér?%/ \%ﬁgﬁégg 5

additign sthbilized the vnable cell density for 4 days following the growth phase. At
time points 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 dexiran 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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titers of 2.6 g/L were obtained with day 3 or day 4

dextran sulfate addition, and a day 14 titer of 1.9
wghlbomass4obt ai ned with day 6 dextran sul fate addrTuiSem3/040939

(in Exanple 9). The NANA nolar ratios were 6.3, 6.6,

6.0, and 6.6 respectively in the runs nentioned

above, showi ng that higher titers obtained with

optimal timng of dextran sulfate addition came with

a consi stent |evel of sialylation. EXAMPLE 13 This
noéi?ﬁrﬁﬂ effetivast stabilififig the dablers|lahsitydol@nng i degtran

suﬁgﬁ ﬁl}ﬁgégg %é‘e%glletg%? ! ot?%scelj %égé fg@é? gqu%Honurmg the death

hdea) walnstabi \
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tlte‘rs @If‘rQ(HQ‘/Lt WeidASbtathadayitt® dapBthri dym 384 ﬁ’sgﬁ %gjdﬁ"f’c%@ and a
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memtlguedsabbY/e, 318QW|agdhé.t4h|glh@rSlﬂ§f§ oveined Wit opemal f|§ur§§‘8f"’
q t he be efltcf of applying at | east one tenperature
eétﬁ?'? pulqly adqdiion.carae Wity 2 cpneistesiruechol siglyiaion.
mai nt ai ned at 37C t hroughout the run, the culture
enters the death phase on ﬁwﬁdﬁd the decrease in

! . AN
FestB SR Rhtop SPcbiic abd v eyt gfits n
culwok reduding hri 0dEAROYId.y Thé t:anurieas%sumeéwotd&@e&gad.t.on of

d >gulturg@tlmes of 14 days and |longer, it is clear
SX[AN BY&¢et hat have one or two tenperature shifts VVI||

ot B BB Ward RIRIGAod STRSIGASHY B S ddCRd el ™8

of titer. In the case ere on
i s iy, emnenpedo(Toshittayese apphe64070r anestepqierd A6 AR, the

et ER € s RS h o Dt o s Tembo st the
ten(p:matiﬁty isLOhiftb@ fRAEB7PG tc%4V@o%Q9a§/ @%&flﬂ’om 34°C 10 32°C on day

PCT/ US2003/ 040939 i npl enent ed tironto
0.1 - all "cases dextrasseiiateswas edged otietdyi GeThentwo Tbdhdft casé is the

aveRags of ihr@guts 2id wbiio e vdtlihs et B bgre ™
T sViabte call dersityi siablliagahy tited el @Foh@dtiﬂﬂ #gur8s 172818 Whd 14

hlfts culture. In contrast, umetric
resBe Bivity in the culture with one T-shift is

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 decrease 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 shift (on day 10, to 32°C) is
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superior to that in the two T-shifts culture at

culture tines between day 11 and day 15. In
woaoneodgi4on, the first tenperature shift is berefriuse@B/io40939
i ndependently of the desired harvest tine, whereas
the benefit of the second tenperature shift depends
on the intended harvest tine and the viability
requirenents for effective downstream processing. The
iml%l@sence of a second tenperature shift will allowto

Mantad imagdidionie di@l@ﬁ;st ﬂbleemou Bhbwhecbae'tggﬁd,a dvedlinégrﬁ viable cell
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U8 AR A8 T 5 b s B e heferBatay g, and day
15The steep decrease in viable cell density observed
aftler day 12 in the case of the one T-shift profile
can TbeONEIRIoR NG firsltepinstaisre ghifll is enetisiat independently of the
i t | ease into the .
o e eSS, Releas R RrFRt of G "ERbneldblneriinig stlhiepends

on e intendechhanvest timpaind thiivabilityheqairstheptsop bffablive
pat ent applications,

. 0 ,
ol P S o o Lo oo
reacAfet hedHes prod GdanENGRil %Iﬁg 20, Bt g#‘ﬂch'ltﬁfésnfﬂrggghe;u&aﬁg longer

abstracts as referenced or Cited herein a
thap2odiquss she tumyith dvertemperatare Stfts wihbitpetrios the rIPkEth one

i t .t he . t to which th
tenrallyd %ﬁﬁ%‘éﬁ?g‘f‘%?f Bl (it lifBHgloes eaﬂéiﬁer%ﬁ@yeﬁts past
dayt t@ wilbeoretaithelsighe bamhosiHPb Il P8 IR dudts i HE 48PS id'F-shift

fromthe scope and spirit of "the present 1nventron, it
thap dn ijﬁ eanfodl twan Ershifts, wWAigd) ean cemnplientectovirastresn proddssing.

| P [ Lot d .cl ai s,

T R ERTALEh idbis 2ol MBOBAT Bt SR RLTIECE e BaRg of the
onepF sdifhprofileneambeencordeny formstotilciagu0mg e nie%b'bﬁﬁrﬁg cell
deaﬁ)gf her Ereseln[?s%hnventl on are possible in [ight of t
Ve LR AR INesHIng3I8 012 siicenpiorUsheialBlasesdbat can

decWE prodGtSibfplation: 1. A cell culture process for the
production of "protein, conprising: a) culturing host

cells which produce a protein of interest in cell
culture wunder conditions that allow for protein
pr Jdil@oﬁdnbmtsa:ﬁ@llbs.sufwbmmgraﬁt\@d petdrits, vadtenthsiticagéms e-

published PCT and U.S. applications, 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.
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2. The process according to claim1, wherein the
feeding step b) occurs on a daily basis. 3. The

wonon@ss4according to claim1l, wherein the feedCnES081040939
b) occurs on a continuous basis. 4. The process
according to claim3, wherein the feeding occurs nore
than one tine per day. 5. The process according to
claim 3, wherein the feeding occurs | ess than one
time per day. 6. The process according to claim1,

WHAEINISICLAMED 48t ose is fed to the cells in feeding
medium 7. The process according to claiml, wherein
D-gal actose is fed to the cells in an anount of about
1to 50 g/L. 8. The process according to claim.7,

1. wheAdel qultyeg pEcese fcprsthfeéaowcttqmeofd%gteén i GPMBEHS B8 unt

&f alg o;f C%L}é'frﬁgﬁ‘ﬁo%/cég? WhicH6roRILEE 8S5rofSA gff Eﬁt@ﬂas‘t th cell culture

actose 1 s sustalne
mai nt ai neddémcdrivttioral that alldw fe @otedn pordumtipnaandn of
about 0.2 to 5 g/L. 10. The process according to claim
1, Qhereer?dﬂ%tk%e%ﬂ@vﬂ#bghgﬁ{%gp?%n cells. 11. The
process according to claim11l, wherein the mamali an
2. cel yﬁe;‘ir@cegé%cc%%ih?to 2RiMA , 2P 844eding step b) occurs on a
PCT/ US2003/ 040939 2. The process according to claim
daily bagierein the cell culture is a large scale cell
culture. 13. The process according to claim 12,
wherej I ; ze| re |
3. aponfoRbee R UHRGT SR bl el BeaBlpiAbED) bbalis on o

comfiricRisbddie protein of interest is a glycoprotein.
15. The process according to claim1, wherein

sialylation of the produce rotein i, s increased. 16,
4. The The eSS RecoraingS e 3 Hrer el Be Mg EELE Fomats than
gimdbsr&sy. is a soluble CTLAA nol ecule. 17. The
Onprloce S g%%ording to claim16, wherein the soluble
CTLA4 nolecule is a CILA4 fusion protein,.

5. The process according to claim 3, wherein the feeding occurs less than one
time per day.
6. The process according to claim 1, wherein D-galactose is fed to the cells in

feeding medium.

7. The process according to claim 1, wherein D-galactose is fed to the cells in

an amount of about 1 to 50 g/L.

8. The process according to claim 7, wherein D-galactose is fed to the cells in

an amount of about 3 to 25 g/L.

9. The process according to claim 9, wherein D-galactose is sustained or
maintained in the cell culture at a concentration of about 0.2 to 5 g/L.

10.  The process according to claim 1, wherein the cells are mammalian cells.

11.  The process according to claim 11, wherein the mammalian cells are CHO

cells.
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18. The process according to claim 17, wherein the
sol ubl e CTLA4 fusion protein is a CILA4lg. 19. The
wonon@ss4accordi ng to claim 18, wherein the sobablus2003/040939
CTLA4 fusion protein is CILA4lg conprising am no
acids -1 to 357 or +1 to 357 as shown in FIG 8. 20.
The process according to claim 17, wherein the soluble
CTLA4 nolecule is a soluble CTLA4 nmutant nol ecul e.
21. The process according to claim 20, wherein the
12s0| dhedroTesuacaarding tomiaiac i wherein thexgaibamuge is a large scale
Ceg%mﬂesi ng amno acids -1 to 357 or +1 to 357 as
i'n FIG 9. 22. Acell culture process for the
production of a soluble CTLA4 nol ecul e, conprising:
132) qhetprotess 48€3radblte cdincte priesteiethe lapjaisdete CElLAdIture is
nolecule in cell culture under conditions that allow
greaer hesk At ®deuct i on; and 97 WD 2004/ 058944
PCT/ US2003/ 040939 b) feeding the cells with
LT e PR Bss Attty B OB FR FRERfAR pLeRLfifidestis a
giyceppaeimt ure at or near 37C under conditions and for a
time period that allow for cell growth; d) then
culturing the cells at .second tenperature Qr_near
1534 M OoRs® eracRap iR o haerel] Peniioy qiihe profiicdd
préteeidéreasedt or near 32C. 24. The process according
to claim1, further conprising: c) adding polyanionic
compound to the cell culture at a tine after . .
16; nndbeIRIPrOE agsprdingdo wlaidetawhrrelt ienyotein of intprestis a

so[ id bq-[ro‘qgﬁp{eicajeng: f) addi ng pol yani oni c conpound to

e cel ure at a tinme after innoculation. 26.
The process according to claim 22, further conprising:
17¢) dbktprocess adeordRQ toaldimn 8, vehereirpibieaaalulde £3Tlok4 nedecule is

C.under cqnditions and for a tine period that allow
aﬁer%EW'O@PB%qFW: d) culturing the CHO cells at a

second tenperature at or near 34C starting about day
186 ofThel®oesdd scdirding to claim 17, wherein the soluble CTLA4 fusion

protein is a CTLA4Ig.

19.  The process according to claim 18, wherein the soluble CTLA4 fusion
protein is CTLA4lg comprising amino acids —1 to 357 or +1 to 357 as shown in
FIG. 8.

20. The process according to claim 17, wherein the soluble CTLA4 molecule is

a soluble CTLA4 mutant molecule.

21.  The process according to claim 20, wherein the soluble CTLA4 mutant
molecule is L104EA29YIg comprising amino acids —1 to 357 or +1 to 357 as
shown in FIG. 9.

22. A cell culture process for the production of a soluble CTLA4 molecule,
comprising:
a) culturing CHO cells which produce a soluble CTLA4 molecule in cell

culture under conditions that allow for protein production; and
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e) culturing the CHO cells at a third tenperature at
or near 32C starting about day 10 of the culture. 27.

wohevqpsgmaess according to claim?22, further CcoORPTIUSR0V3/040939

23.

24.

25.

26.

27.

28.

c) adding pol yani oni c conpound to the cell culture at

a time after innoculation. 28. The process according

to claim26, further conprising: f) adding polyanionic
conmpound to the cell culture at a tine after

i nnocul ation. 98
b) feeding the cells with D-galactose.

The process according to claim 1, further comprising:

C) 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.

The process according to claim 1, further comprising:

C) adding polyanionic compound to the cell culture at a time after

innoculation.

The process according to claim 23, further comprising:

f) adding polyanionic compound to the cell culture at a time after
innoculation.

The process according to claim 22, further comprising:

C) culturing the CHO cells at a temperature at or near 37°C under
conditions and for a time period that allow for cell growth;

d) culturing the CHO cells at a second temperature at or near 34°C
starting about day 6 of the culture;

e) culturing the CHO cells at a third temperature at or near 32°C
starting about day 10 of the culture.

The process according to claim 22, further comprising:

c) adding polyanionic compound to the cell culture at a time after

innoculation.

The process according to claim 26, further comprising:

f) adding polyanionic compound to the cell culture at a time after
innoculation.
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