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Run times of cell culture processes, particularly non-continuous processes,
are usually limited by the remaining viability of the cells, which typrcally 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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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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repo d cases referring 10 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 atrest 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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throughout an entire culture run. Also, according to one aspect of the invention,
the two or more temperature shifts comprising the culturing processes can
advantageously allow for an extension of the production phase of the culture.
During the extended production phase, the titer of the desired product is
increased; the product quality, as characterized by sialic acid content, is
maintained at a high level; and cell viability is also maintained at a high level. In

addition, the extended production phase associated with the culturing processes
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durfrl \bﬁ%ﬂQﬁé @lﬂ&&ﬂ‘]the protein product is increased and product quality, as
characterized by sialic acid content, remains high until the end of the culture run.
A culture run as used herein refers to the culturing period, preferably, the
entire culture period. For a culture run comprising two or more temperature shifts,
the length of the entire culture run can last from as short as just after the second

temperature shift (for example, about 10-14 days) to as long as about 28 to 30
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culture tenperature is maintained at 32C, or near 32C

tempeiaitiee sbiflsp Asapentimiling examplec altworstep terpegature shift is

o5 8P oo GG AT B el s, o
néRareCatrafeday 0 16 Gibloup bhy @; onB@boutcdaynéds aBd@ diy 0@) the
day 0 to about day 6; from about day

6
cultore teraperatyneris reainiined at 841G Qfenqﬂréi‘lﬁégaag %ﬁ:ﬁggﬁt day 10
s f
or@ﬁ%’da rééc’t to At toﬁa&gfﬁ todﬁé',ité?ago%é ggg;’lﬁstg@&%‘?fto €end of the

ul't enper a IS nH or near
clB2@ ramché rcoltusbimmpeataturéds ovaiabaiheceat32°Q, or alean 824ay A three-
21 to day 30, or .longer, i.e., ta.the end of the run,.
SipRdepPIINE SfhsutiTPEceguiRAeaingodhisIpYentigh ogrtises the
foﬁg\tﬁwg dg&%ﬂlgnnﬁﬁy,swggﬁgrfbﬂﬁaﬂ? el ceftbte ®hperatig is

nore tenperature shifts in
carttiatledrat §T°Guannear 3 frpnaldiayy0 tof alpoustdsiyrb; frasa @doubday 6 to

i S chj d is beneficial no Ly f o
et R VENER elare g e Rofnelaihld 4K b Bepf 33 from
alfhiRHayHD talbhaayli, day shitukiensperaidrers mdittalred atrg2°C, or

whi ch“can endure |l onger than the standard production
nearr32°6y endifrarg @bogtiday i1 4rorwardupithglo aRmy day 2 aloriax e or

o £ this | . _ . .

oBGBEET ok i FREE e Pin.dfib Sh IR 361678 (S phiefhRlat 50°C, or
nédr 30°Gt ei n production by the cultured cells (the

initial or standard producti on phase, occur,s,,in .
gencFhis, emplapment ahihe resant ol culiindipalisids cagyprising two or

RN AL R B ORIy S i roducin
adhigvedjisaberteficia dotoalytfot gulbdrepuos dianing “shorter”, e.g., standard,
durations (e.g., about 10 to about 14 days), but also for culture runs which can
endure longer than the standard production run. Such longer duration culturing
runs are achieved because the methods of this invention can provide an extension
of the initial or standard production phase of protein production by the cultured
cells (the initial or standard production phase occurs, in general, at about days 6 to
14). For example, by employing two, three, or more temperature shifts in the

culture run in accordance with this invention, high quality and quantity of protein
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cell viability can be nmaintai ned and sustained for a
woao@losssom tine of about 10-14 days to a totaPCTms2003/040991

time of about 21 to 28 days8or nore, conpared wth

protein production and product quality in cultures

enpl oying no tenperature shift or, at nost, one

tenperature shift. In another of its aspects, the

pr esent |nvent|on rov des .cel | iulture

pl"é@-ﬂﬁiﬁoﬂsq ct @QP@F ¢ahhe Mgintingdped W@%%F%@etc’tal run time of
abﬁmflbsma&aﬁel%cé ;Jigldrunatﬁﬁé( ® bBuﬁ?‘ﬁbF’E Zs%ﬁ"?ﬁore compared

npér at ur’e sh runs Fare cu essent
wn’dnspromm qarrodiwmcﬂmnohptddueeqsalﬁp irT uUﬁumsr&gmMeynngmo mﬁmpera’ture
ddi ti onal dovmvvard ture shifts are perforned
shifher, At MRStePRP RMPSHE I‘°t ‘e period. For exanple, a

foung no%%s@%%e b Hfé%,eﬁhirfvbntlbn %rowél@é@@l‘l atiluire

| ower i ng arried out followng the third
methope camprisinghgreatenthan two s thiee, temparhiuce shifls asefiescribed

oS 5 TR b B 0. P EGRE py
de%@ﬁlyéd f’cﬂ')’a?trﬂfée L¥sp BllRfRIARbd, 3 ddtitidrid dowmevegtiasinperature

culture. Additional tenperature shifts can he
shifta:a@mrmrmedmnfdéhe epdiaf e cyltwiet pryind. hpeexamplena fourth

ootk A | & etpp8iind BIRTHS, LA befefied put

folﬁﬂﬁngfthé |th':ird mp@hﬁfr%rsﬂﬁt ;zultune perigein twhioh tA8-c2Ml culture

days. In all cases otein produced by g&
tompbraturaisughet anedfam .ah@ut 4808 dhou ghrc arRg G, preferably
abro%‘f 9};’)5’(5 e6h o? Fafout élégal .99 Hé?ér%{blyf Lbk%ﬁ/t Bl itch e start of the

esir oylng ni ques routinely
CLﬂIUEJe:t Adeiti onal tehqoaaturashd’aman be ihdieded im thercell culturing method,
addjtjion, sialic .acid i S _assessed hy o
wl&fﬁ{;bWe, qghlgargg@@g%ne& ﬂ{‘ 3 w%ra’r'e{nwia&r &8 29 G o further

Efﬂtﬁﬁn%ahbﬁﬂh BRAthE @RdIAREF6S Spr(eférablvﬂ‘b Wﬂger fhan 28-30

e final titer of product is enhancéd, t he
dafylsal I allasisdscihetprotein produseddhthecealisgitiibe pnetalithe pglturlng

oAl up Rl BN B oY bl R Y

erApld9Ry tebRBiquES MBIy pfaoﬁf:ed\m)tm afiseddscrbdd herein. In
tenperature shifts sustains a high cell waﬁl?‘@llty of
addifions glaligracid caaiesbis 23885664 @yeﬁ?'"é'ﬁf‘té%@d“ @§cti on

P ccatst ok BRpctyild fiBsentiny G Blovidiy REEEss (or

i s 1ncrease

méthald) irywhuﬂstheﬁhradiuteerdf pecdunyt is eahacced; iashddbetsialic, adid content
mai nt ai ned at hi gh | evel

o BB UL NSARTBIRIASE RIGhER IEHIS 0Tt e g ore- Step
chRIBNPE RERUBEEs Pk pashad s e st
carnbinatien optvoe es morgtinesd temeperabyershifts eusainstash@hmlld@ablllty of
the cuﬁﬁret tPl/gr Ve%%tbhrolgrf a%nepx enden@productlon phase during which the titer
of product, preferably recombinant product, is increased and the product quality,
as characterlzed by sialic acid content, is maintained at high level. Such a two- or
more- step temperature shift can minimize the prevailing trade- off between protein
titer and sialic acid content in the production of product during the cell culture
process. Thus, the temperature shifts provide a positive effect on enhancing an

important performance parameter of the culturing process, i.e., the mathematical
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process, i.e., the mathenmatical W 2004/ 058800
WOCH49S&003/ 040991 9 product of "end (i.e., fPaaIUB2003/040991

titer' x "end (i.e., final)9sialic acid" ("end titer Xx

end sialic acid"). Accordingly, in another particular

aspect, for a two-step culturing nethod as newy

descri bed herein, cells are maintained in culture from

ol Sod % SR8 Y e, o ERBR EHET P T4 on i

@g cell culture is | owered to 34C, or near 34C; and
or about day 10-14, the tenperature is again
I ome@xcmbrdmg@fg@) anothleepartlmtar dspechdoeatwdistemeulbdringigiethod as

o e R o e T B forabou

dé£6 tahg t8RPePatufd Sf SWG Lﬁr%éail* r37°@ 6n orébolut dap Gufhéjl%&‘nperature

, about 0, or longer, during which
oftther@etllwltueﬂ iséoweee 314°§3 msmmeuan 342w and enar ablwt HawdP-14, the

f 32 32C.
o ERELES L fuih 58Pl AEES o fee B cloBb BABGRP of suon o
twRDSSP t Pfe%tbf‘@éhﬂ&ﬁémdéle%e BRIRiction Iphaks iy ektepidet Rsyond
aspect of the present invention to provide a nethod

abczwt day il @a@pﬁgﬂmuﬁs ipi thiand of the awdires rym ecer totkalgpt day 21,

I
o MR 0BT 2208, 565 Toridbs L WA irnB b 5Bl Bre maintginedt in
culitiré wothy lowsr eempbidttife 61320 e edan B327C e Rretedn product can be
increased cell viability if cell viapility.i th§ )
regayergdeatitae endgdhe raterdegpoghciian phage a% fwﬂéer escribed
ence of the condition than in the absence of the
condition. According to this aspect, the two or nore

t errplda rsayeiramatlhrbrfaspraeﬂt bf thaj}bnesenh@veatldxmttspmidtea enéthed for
| ow C%I e for . ncre

inGieARR L e e T ey TS LSRR B Rl g two o more

sHifS irpfi»m;féramréwm@qhe%ﬁurb ru. R%Bﬁﬂlti‘éhaéuéwaé‘; PRY DN Ffore
of increased cell Viability of the cultured cells can

shiiés trh@tmperattg"er capgastincieasedicel rvmm&ﬂv if estll ialgjhity in the culture is

w89 e L G B8 L i cbsence of

theriondetiom Aecofding ebirfis asgédisthe N diemods mpemfturbmrmt cell
invention is that increased cell viabiljt é resultin

culiuging reikioge as descripedialiew cRllsde ragadn vi fosingreased time

okl 56Eh g bl 18 BRRSEE CRUERYTE 8o " s horon
belfefrd:@@tonseqhyen@ ofqablf%sede:elltwatﬂlltymfttfhreculmredrczells Tha be that
Bl AR o7 Stk o b o B 2k 852 of he
cilfiringipericd, uRBbAEShEfIHLthaR 8k E¥ndlidive to the maintenance of viable
cells.

Another aspect of this invention is that increased cell viability resulting from
the practice of the two or more temperature shift cell culturing methods correlates
with a decreased amount of cell debris and released contents of dead or dying
~ cells over time in the culture. The presence of cell debris and the contents of dead
cells in the culture can negatively impact 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 concomitant reduction in the contamination



protein product at the end of the culturing run. By

keeping cells viable for a longer period of tine in
woubda4osgroot here is thus a concomtant reducti ORCTUSRIV8/040991

cont am nati on WO 2004/ 058800 PCT/ US2003/040991 10 of

the culture nedium by cell proteins and enzynes, e.g.,

cellular proteases and sialidases, that can cause

degradation and ultimte reduction in quallty of the

d d gl t duced by the cel
of peuursimesie by el PRI NEGEL eSS Sy SpUWRE G bRasp and

swfgllglglsgg,'t}ﬁf‘?é)ﬁ‘ b?u ﬁt‘é‘?}%’ubﬁ anldeul ﬁn'a't% FAHUCHBR in Bﬁbﬁ'ﬁﬁﬂ the

I'on o ani o compoun I eves I ncreased
desired ngbrétetryprolaubgdrhxydhe«::etlsmpound pr ef er ably is
dextran sul fat

o Aroangi agpaot at s YT coBaPES: DR defayasf Adatich b
po%ng{lﬁrlg cb ;p%huqa thé’%ﬂ%ﬂlt@l@ CD&IQ B wadition aqswbm@ma

time after 1nnoculation that is before _
conipoUnelRciieves mf:retased.oalltwabmtueaPhlypnmec cormpourd preferably is

d n tla rovvth hase dur
desliob Rahls: PRy e RoiPp AR R St g P et Bfim after
infQuktide end of the initial growh phase. In

accordance wth this aspect of the invention, the

gr o lengtaspect of dis westion.plyanionis aaneaunst is adsed to a culture

o L5900 Rl o RBLS g i 5Bt e

ori€dUfing theinitRaigrowit ghase, @Ir@tjhbrng Hdaus@@bnd thantf eﬁtb@hamal
ect of this inventian, ganlonlc ound i s
grawiuBhass, o emqme@oamhqqan@ REtheningtiah or 35¥aslp aqeprdance

wigféﬁ?%géwé:& o‘i"‘tII\%1 r@'&bg?ﬁzmggromcp gﬁﬁse ié“é!)?t@ﬁ& @ an8frlthe onset of

'S arres suc as
the eeattaphasy s délayedltnrraapelmdabéhmed sasip astsewéral iags.

Q@”@'@;ggné‘%ﬂ) & Jertipniss s seud e ARaf Bue ¢ il intguced
t\wo | nofﬂléreasgygel'&’PSf ﬁ‘ﬁé‘fn%eﬁﬁbﬁ Lsolpilohit@enpdiuR] iidtiled to a

the ayed tion of a polyanionic conpound, are
cudtspeduding ;he; mmttaildbetrf plnasmelrpamdan@wwaih this|aspest of the

i, SBLGBATS auftied ByisRbeed of S 5aeh ofefgti tays.

genghigpalther g@wrl‘tﬁfé%d’t ®f EXiB lidashiidncane aslfurthdrlueseribed
pr ot ei ns. ee les 1 through 11 Preferrecil
hesaige theraew dﬁvedwcbe@b@wwremr@me‘ﬁ@ﬁ @'ﬁ‘i’c"@ﬁﬁﬁé@V Yjgg two or

m&id feWipdig l{?’g eﬁ’f Aténc?{r%%%h{?&vﬁ&fHﬁé C%ur e Mrﬁﬂ%?!‘pﬂ)lyamomc

usi ng Tt Iple tenperature s
co¢n¢dim’fd rage l’elspetlall)ashltMG fd)rahhgqoradnulrnrsobéoluhlleghTLA4 molecules

A e e L e LRSS T d0sEAZE Y10, by hos
ce%%%ﬂ%ﬁéallyp E5JiRESRY BIEIPYESEANG pRidUdeRhBEE PPReins. (See
Examples 1 through 11). Preferred embodiments of the present invention
encompass the culturing of cells producing CTLA4lg and L104EA29YIg using
multiple temperature shifts during the culturing run to achieve large amounts of
high quality CTLA4lg and L104EA29YIg products, as determined by sialic acid
measurement of the final products. Preferred embodiments of the present A
invention encompass the culturing of cells producing CTLA4lg and L104EA29YIg,

using the delayed addition of polyanionic compound.



i nvention enconpass the culturing of cells producing
CTLA4l g and L104EA29Ylg, using the delayed addition

wohoq@asgsani oni ¢ conpound. WD 2004/ 058800 PCT/US2003/040991
PCT/ US2003/ 040991 11 Further aspects, features and
advant ages of the present invention will be

appreci ated upon a reading of the detail ed description
of the i nventl on and a consideration of the

dravxn s/ f ures DESCRI P Ig\l (?: THE W NGS/ FlI GURES
fl ob fo ToatHEas o gV aTanenof {sngieSnbinySalvR il be
apﬁrt&é?{éggu;ﬁ% ﬁerbédln é?tfh% 'dTei/al_{1 ﬂrdé%%lnlas)ﬁ?ﬁ B tHd pleptiofald a

reacto sca ese results were
camsideiratich 6f the diaevieggiBgunesnt s descri bed in Exanple 3
herein. Conparison is nmade anong cul turing nethods
i nvol ving n
singl e tem&éﬁﬁﬁﬁwﬁi@h&iﬁéﬁﬁuﬁm
dovvn rdte erature shlft doubl e
showshecimract of fiffierr%ﬁtttefm@m 3P dililes oroel
vnﬁ’é Ft&'fb?é%l RcAfirbd aY a3 lifef &5/ Lfrﬁéacﬂ?@ﬂ dcnl€ UirheEE dediitsdwerd

reactor SC& ese results were
otﬂhhedrfmfthemxphemem;edemdntesi idds@mple® hereExaGprr&)acglson is
mAg6 GrinaoRTRY dauks Yo RiRRS BB (FB TfEr). o
SIElr_gIt“érléiﬁr'lpe)'a’tﬁ%]I sﬁ‘ft"(“&ﬁ@l@m%ﬁlfﬁ ARG 16 do@NWIrd tSmperUR) shifts

3 depicts a nucl eotide sequence (SEQ
(“d@lblE)T1$hlﬁr)d encoded anmino acid sequence (SEQ ID

N0 Prchla ki Bl R B Sb AR RS St rotethn o

vigbilifyTo\belfs aliltired adta 3®fifer (50 DPreattorsild.i Pnesd résults were
aspartic acid at position +124, or starting at _al ani pe

okiainsgsTramdhe expetimenipdesarivesdndExamples hetein- +@9mpadﬁen is
BB ey S8 HEL BB S BRRR gt
(“INPleAT - sh}'ft”;a aﬁattxgé duWrandrdrtegmda’mé Bﬁ}ﬁ%lﬂm}ﬂlg)'r shnﬁw ng
aSI na epti| de a mutate ext
%t?agwﬁtf SPUCIRBIIAP SRAHENGE ?%%43 PigG: 5 ancoded amino
acgg @bﬁgeﬁée el lqoa% & %bﬂ%ﬁ'lgmﬁ{?m@]azél n&r éﬁtﬁfet 'ar\ﬂlld type

anine'af position spart C aci
arminopacid tseqnende 4f tremnelxteacellglar degiain of E]TGAABST@eWg:a’smethlomne

S 15 S EIESLSEO L0 0 40 SRR coon
;56@';1%%6 §6|§Fét?iosnﬂneiﬁz4 efhd &h RPre ﬁ%d d type" CTLAA4

ein) fused to the oncostatin ghal peptide
FIG. 4 depicts a nucleotide sequence (SEQ lD 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 aspatrtic acid at position +124, and an Ig
region.

FIG. 5 depicts the nucleic acid sequence (SEQ ID NO:5) and encoded
cbmplete amino acid sequence (SEQ ID NO:6) of human CTLA4 receptor
(referred to as “wild type” CTLA4 herein) fused to the oncostatin M signal peptide
(position -26 to -2). (U.S. Patent Nos. 5,434,131 and 5,844,095).



(position -26 to -2). (U S. Patent Nos. 5,434,131 and
5, 844, 095). WD 2004/ 058800 PCT/ US2003/040991 12 FIG
w6 2603888300 he | npact of del ayed addition of dexPCaWS2003/040991
sulfate on viable cell dengity, total cell density,
and viability in a culture in which dextran sulfate
was added at the end of the initial growh phase.
These results were obtained fromthe experinents

ot VELGh & ShAWS IEUTIRRCH QR BHER ARG 1 GRS iz gg viable ool
dél'}{r]sn&htl%éﬁr%g‘gfg?ﬁﬁa%ﬁ% 13?)2 tﬁf&%t}n@%ﬂ@ %vr)&cﬁ‘ Bexih %Hffﬁt% was

e was a verage val ues
addez] g thterf of tbenmtlabgnm/th pboss cThes rmastits dvatedbdained .from the

X manIS G Saubathin FRABPIS & hetein Kouinatidan | madé Betwedh
cqlt%ﬁ’é&?\e\% b'cférktl‘% éJPI%té/ WRAR!Ridesl di tHE %%b!tdf%e ?I\ﬁtlé‘l growth phase,

unction of tinme. These results were obtained from
andweultu«pe in wbithenad degtrab edlfate Exsaapgted.6 Aveeags values are plotied;

i I t in which dext
erEol Bt SO aiRS Rl BEHOR CFNGURRG of the |nitial orowth

PhasyG.andhbilisitHE Shphbt SMddiay é@aé&ﬁbh@'ﬁd&b&r&ﬁ%@lfé@son death
added. Average val ues are pl otted Error bars

ratephtds adogarithmiaraprasemtationof the dab® etlbdensities aspdunction of

o, eSS B e Pl g e hamoi

hérelr. UCemiparivbh @n@@gwam@nl&ﬁmmy\mmmaﬁ drestirdnrsultgid Wwas added
initial death phase. These results were obtained from

aitthe ensh@fdhp iaitiekoresdle phese, and exditrps & whidy ge dexiran sulfate was
oGS5 he YA AONEA o L by o Ridlgon.

a CPIG.\8 shows YHE infpate of elelayed sdditicr of d@&rardsltaalﬂate feinGriable cell
9 shows the inpact of delayed addltl on of dextr

denaiyaicalorelhAeiisity, aed viabiing) @ pultyrey i whigh e&rﬁgﬁuyate was
a@;\%&sﬁ Hg@g%&iet il d@?ﬁ%lﬁé’éé T g@at @t@ﬁéf'e‘ éﬁtﬂﬁ#&d fibf the

durin iniftia phase
exmmﬂmrﬁsm'senbm il Egaimbie)mera'n. Eqeparisorn is rdade bicheeen a

culfivs 5 Whidh dentian siiate el obdpd PegndR HERh Shase, and a
cufiré 'u%vhﬂﬁ?ﬁ@d@ﬁ@éﬁsuﬁ@l‘é v'@as ﬁblbléél” e in which no

dextran sul fate was added. 10 shows viable cell
densFiG:,9 shows tlmainnpammde;ayedrmuquboi dextramsigliate gnegable cell

o458 SFEAGRR AR Db AESRTRE e rto v

a&d@tﬁﬂbfﬁ@lh“e MERE deBfphas Rk aeSuliEweidobfdifed dm the
shows viable cell density and viability in cultures in

exparnenis desaribed in Exarmplag heteind Gampaiisan igimade between a
clitdTE T WTh doxtPiYsdifat8 Whe ddded dfing fife hitiah bidhth phase, and a

culture in which no dextran sulfate was added.

FIG. 10 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 9 herein.

FIG. 11 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
growth phase. These results were obtained from the experiments described in

Example 10 herein.



growt h phase. These results were obtained fromthe

experinments described in Exanple 10 herein. WO
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i npact of different tenperaBure shift profiles on

viable <cell density. These results were obtained from

the experinments described in Exanple 11 herein.

Conparison i s nade among culturing nmet hods invoIving

no tenperature shift T-shift"), a S|n

t enpdGatl?r shayys the i oﬂ-dgigrqerﬂt t,am@datp\y@s m\l@soon viable
cetlled@nesﬁﬁ h%sg%gﬁﬁ \g\l{aPé"thE rfJH frb@hﬂwgtﬁg@nﬁté '&%@@nﬁ&?m

eren erature

Exarﬁpbl 11 h¥rein MParleﬁruisI maﬂeran@hg aulhathd memasd!zemvolvmg no
experinments descri in Exa e 11 her

teamasature shift (sn‘hﬂ'c@'ﬁﬁoﬂ gindle i%mpﬁ@t%@t%@é‘ qney Brspiffiyand two
f I
IR hEREr ot fire SR AP b Tuo downvr ¢

t enpEIGatI® shats tHesin{pdohof diffehéht isiyperddute shift pmm ormeiaability.

npact of different tenperature shift prafiles
Thesaesultyare abiained froR e %m%ﬂrn%@tqu%w{vﬁ% in Example 11

e%ﬁ‘?@d?ﬁﬁéﬁsd?\eé L& dridhdRIRIng rﬂétho@%rngvd]vmg no temperature

arison 1s e anong “cul turing netho I nvol vi ng
shifb (‘trrerr'f}shdt”); reesinglei tbmp(era'nu r& shiii d‘orie T-ghi8T) regidetwo downward

f T-shif d d d
toiriael e ShESIEG TSP, 1 0hi rar ) DETAILED
DESGHIGE H4Bhds tHEEMPAGENT btk rdheteRiy8itire 'sﬁﬁﬁﬁﬁdflfé’s on titer.

descri bes new processes for the production of
Thess eisulis wcafefo@ntabegl firose ﬂlﬁaexmnmpm’f@tcaaombedm&@mple 1

oGBS bS8 K ARG D REHLElte i PRER Hporare

sHif ¢TrRAPRAIFEEd sihgRMieparature shifc@bhe M-stgftnraarewedownward
i nvol ving two or "nore tenperature shifts The cell

tegparatura ghifisdCees Bshiftchr ding to this invention
involving two or nore tenperature shifts achieve
increased cell viability and can achi eve an enhanced
final titer or concentration of product produced by
cell's in cuDETAILED)DESCRIFTION OfcTHEANUENTION
content of the glycoprotein produced by the cultured

cel | 'Fhe passdt invegltiontdeseribasihewtprogessds foh thipiptaductioh of
the protein product that is produced durin

pr@mm&rwrﬁ@erab i regomiiant pseleint progucis, .naprsd%?ecragbfe&?'wqmotem
pr{oﬁgétcééf}fﬁ@mnﬂﬂhaﬁ WP aRim AR AURTRE RhsE Pro%@:’s&éﬁi Sﬁfe‘v@g

run nmai ntain and sustain a
inceddsedi catii iakilty of the

Cell culturing processes involving two or more temperature shifts

The cell culturing processes according to this invention involving two or
more temperature shifts achieve increased cell viability and can achieve an
enhanced final titer or concentration of product produced by cells in culture. In
addition, the sialic acid content of the glycoprotein produced by the cultured cells
can be high, thus indicating a high quality of the protein product that is produced
during the culturing period. “ '

More specifically in accordance with this invention, two or more temperature
shifts during the cell culturing run maintain and sustain a high cell viability of the

cells in the culture, eg. achieve increased cell viability, and can provide a high



cells in the culture, eg. achieve increased cel

viability, and can provide a high W 2004/ 058800
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product throughout the cultdre run. Also, in

accordance with the invention, the two or nore
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ext ensi on of the productlon phase of the culture.
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Cell culturing methods involving multiple temperature shifts

In embodiments of the present invention, timed multi-step temperature -
shifts are used in the culturing of mammalian cells to produce a desired protein
product, particularly, a glycoprotein product. More preferably, the cells in culture
produce a recombinantly produced protein, polypeptide or peptide product.

However, in some cases, the cells may actively produce, or overproduce, an



produce a reconbi nantly produced protein, polypeptide

or peptide product. However, in sone cases, the cells
woayo4assdovel y produce, or overproduce, an WO PCT/US2003/040991
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or nore. an enbodi nent of the present invention,
dayise oemcmad &pr@(ampie iior@ @Hige run of this invention that comprises two
or more temperature shifts, the length of the entire run can last from as short as
just after the second (or last) temperature shift (for example, about 14 days) to as
long as about 21 to 30 days or more, preferably about 28 days or more.

In an embodiment of the preéent invention, the extended productibn phase

is associated with the multiple temperature shifts that comprise the cell culturing
methods of this invention. According to the new cell culture methods of this

invention, the combination of a second, third, or further temperature shift with a



Is associated with the nultiple tenperature shifts

that conprise the cell culturing nethods of this
wOonvessson. According to the new cell culture perhsg®3/040991

of this invention, the com6i nati on of a second,

third, or further tenperature shift wwth a WO
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at a second temperature of about 33°C to 35°C, preferably, 34°C, or near 34°C.
Following cell culture at or near 34°C, the temperature is shifted a second time
| (sécondary T-shift) to a third temperature of about 31°C to 33°C, breferably, 32°C,
or near 32°C. The secondary T-shift occurs on or about day 6 to about day 14,
preferably from about day 10 to about day 14, more preferably, on or about day

10, which in various embodiments may be during the standard production phase,
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preferably from about day 10 to about day 14, nore
preferably, on or about day 10, which in various
enbodi nents may be during the standard production
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In yet another embodiment embractng the two-step temperature shift
culturing process, cells are cultured for a 14 day run in which the culture
temperature is maintained at or near 37°C from day 0 to day 6. From about day 6

to about day 10, the culture temperature is maintained at or near 34°C: and from



cells/m, or 10-12 x 106 cells/nL. In yet another
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in which the culture tenpeBature is nmaintained at or

near 37C fromday O to day 6. Fromabout day 6 to

about day 10, the culture tenperature is maintained at

or near 34C; and from WO 2004/ 058800 PCT/ US2003/ 040991
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The fourth downward shift maintains the culture temperature at or near 28°C to
29°C, preferably, about 29°C, and increases the culture run to greater than about
28 days, e.g., to about 28-32 days or more, at which time product is obtained.

As in the two-step temperature shift culturing run procedure according to
this invention, the first shift in temperature in the multiple temperature shift
processes of the present invention can occur when the cells have essentially
stopped growing and have become stationary or approximately so. llustratively,

the temperature shift is performed when the viable cell concentration is about 2-12



28 days, e.g., to about 28-32 days or nore, at which

time product is obtained. As in the two-step
woeopassgour e shift culturing run procedure accecuiusgoBn40991

this invention, the first siift in tenperature in the

mul tiple tenperature shift processes of the present

i nvention can occur when the cells have essentially
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rreasll#\r\?ano% esrhgtladltr:ne%%ls gf ’ﬁ‘uoenrt)resent invention, the second temperature
shift to 32°C, or near 32°C allows higher quantity and quality of protein at the end
of the culture run, and is also associated with extended protein production durlng a
run that can last for more than about two weeks. The two or more shifts in
temperature permit the culture to stabilize a slow decline in cell viability which can
occur during the previous two weeks in culture. Yet another temperature shift from

32°C, or near 32°C, to 30°C, or near 30°C, timed at about two weeks, or



In various enbodi nents of the present invention, the
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starting about day 5 to day 7; again lowering the temperature of the cell culiure

and culturing the cells at a third temperature at or near 32°C starting about day 6
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least! tvio; ﬂnm@l temperature shifts allows a total culture run to be carrled out for
greater than 10 days, greater than 14 days, greater than 21 days, or greater than
28 or more days, without sacrificing end titer and sialylation of the product In
‘accordance with the culturing processes of this invention, the two or more
temperature shifts sustain a high cell viability of the culture and can allow more
high titer and high quality protein to be produced in a culture run compared with a
run that occurs for the same period of time, but does not include two or more

temperature shifts. Also, the two or more temperature shifts can allow the



(e.g., two step, three step or nore) tenperature shift
profile, the conbination of at |east two, tined
woeopassture shifts allows a total culture runPCo/US2003/040991
carried out for greater tian 10 days, greater than 14
days, greater than 21 days, or greater than 28 or
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sialylation of the product In ,accordance with the
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provide an extended protein production phase, which can include a fourth

temperature at or near 30°C, and optionally thereafter, additional lower
temperatures, such as at or near 29°C. In the cases of the two or more-step
temperature shift runs of this invention, extension of protein production is related ...
to the two or more downward shifts in temperature. As described herein, an
extended production phase comprises a successive lowering of the temperature of
the culture at different intervals two or more times following the first temperature

switch from at or near 37°C to at or near 34°C. Relative to no temperature



initial or standard production phase, during which

cells are cultured at a second tenperature at or near
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As has been descrlbed above, other temperature shifts, e.g., a third, fourth, or
more, can be employed during the extended production phase of the culture run.

Cell culturing methods involving delayed addtion of a polyanionic compound

In accordance with the present invention, a cell culture process involving
>the delayed addition of polyanionic compound is provided. The proceés 7
comprises adding polyanionic compound to a cell culture at a time after
innoculation. The delayed addition of polyanionic compound achieves increased

cell viability as compared to that observed in the absence of addition of



culture to stabilize cell viability, which typically

slowy declines through about day 14; thereafter, an
weoexo@nsssom of the production phase begins (at abows203a940991
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readily obtalnable through means known to one of skill in the art. These

compounds are frequently available in the form of a salt, including but not limited
to sodium salt, but may also be used in non-salt forms. A polyanionic compound
includes all forms thereof, including but not limited to salt forms, such as sodium
salts. | ' »

Preferred polyanionic compounds are poysulfated compounds, including
but not limited to: dextran sulfate, heparin, heparan sulfate, mannan sulfate,

chondroitin sulfate, dermatan sulfate, keratan sulfate, poly(vinyl sulfate), kappa-



from Sigma-Aldrich), keratan sulfate (available from
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In accordance with the invention, polyanionic compound is added to bring
the concentration in the culture to an appropriate level. As non-limiting examples,
polyanionic compound is added to a concentration of 1-1000 mg/L, 1-200 mg/L, 1-
100 mg/L, or 25-75 mg/L. Preferably polyanlomc compound is added to a
concentration of 25-200 mg/L or 25-100 mg/L, more preferably about 50-100 mg/L
or 50-100 mg/L, more preferably about 50 mg/L or about 100 mg/L, most

preferably 50mg/L or 100 mg/L.



In accordance with the invention, polyanionic conpound
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before day 7, In a specific embodiment, polyanionic compound is added after
innoculation and by day 6. In a specific embodiment, polyanionic compound is
added between days 1 and 6. In another specific embodiment, polyanionic
compound is added on day 4, 5 or 6. In other specific embodiments, polyanionic
compound is added on about day 6, or on day 6.

It has been found (see Examples 6 and 10), that when polyanionic
compound is added at a time after innoculation and before the beginning of the
initial death phase, the growth phase may be extended beyond the initial growth
phase. A growth phase that is extended beyond the initial growth phase has a
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duration of the initial growth phase. By way of example only, the growth phase
may be extended for 1-10 days, for 2-9 days, for 3-8 days, or for about 5 days.
Preferably, the growth phase is extended for one or more days, more preferably
for two or more days, more preferably for three or more days, most preferably for
four or more days. For example, in Example 6 the growth phase is extended to
day 11 where the initial growth phase is until day 6. Thus, in Example 6 the
growth phase has been extended for 5 days beyond the duration of the initial
growth phase. The extended growth phase may be succeeded by a death phase
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comprising: culturing host cells which express a protem of interest; and adding
polyanionic compound io the cell culiure on or about the end of the initial growth
phase; wherein the onset of the death phase is delayed.

The onset of the death phase may be delayed for any period of time. By
way of example only, the onset of the death phase may be delayed for 1;1 0 days,
for 2-9 days, for 3-8 days, or for about 5 days. Preferably, the onset of the death
phase is delayed for one or more days, more preferably for two or more days,

more preferably for three or more days, most preferably for four or more days. In



the initial growth phase; wherein the onset of the
death phase is delayed. In nore particular
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Run times of cell culture processes, particularly non-continuous processes,
are usually limited by the remaining viable cell density, which decreases during the
death phase. Longer run times may allow higher product titers to be achieved.
Delaymg the death phase, including extending the growth phase, as much as
possible, or arrestmg the death phase, is therefore desirable. Product quahty
concerns also offer a motivation for delaying or arresting the death phase, as cell
death can release sialidases to the culture supernatant, which may reduce the

sialic acid content of the protein expressed. Protein purification concerns offer yet
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as further described below.

The complex carbohydrate comprising the glycoprotein produced by the
processes of this invention can be routinely analyzed, if desired, by conventional
techniques of carbohydrate analysis. For example, techniques such as lectin
blotting, well-known in the art, reveal proportions of terminal mannose, or other
sugars such as galactose. Termination of mono-, bi-, tri-, or tetra-antennary

oligosaccharide by sialic acids can be confirmed by release of sugars from the
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regarding the identity and the composition of the oligosaccharide attached to the
produced peptide. Methods for carbohydrate analysis useful in connection with
the présent invention include, but are not limited to, lectin chrorhatography;
HPAEC-PAD, which uses high pH anion exchange chromatography to separate
oligosaccharides based on charge; NMR; Mass spectrometry; HPLC; GPC;

monosaccharide compositional analysis; and sequential enzymatic digestion.



cysteine, wherein X is any am no acid except proline.
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protein is transferred to a polyvinylidene difluoride membrane instead of a
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albumin in 10 mM Tris buffer, pH 7.4, with 0.9% sodium chloride. Detection is
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serv
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
ion-exchange columns; ethanol precipitation; reverse phase HPLC;
chromatography on a resin, such as silica, or cation exchange resin, e.g., DEAE;

chromatofocusing; SDS-PAGE; ammonium sulfate precipitation; gel filtration
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fra on(s) is/are collected. Cells, rr':rotelns and cel |
basi¢ amire aCIdS plus cysteine; vitamins and/or other organic compounds

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,

e.g., adenosine, thymidine, hypoxanthine; and protein and tissue hydrolysates,



In the cell culture processes or nethods of this

invention (both the cell culture nethods involving
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Example 1 or Example 7. Preferred is a feeding medium also containing D-
gélactose. A

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
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fusion or chimeric proteins. Other nonlimiting examples include growth hormones

(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 [L-12);
vascular endothelial growth factor (VEGF) and its receptor (VEGF-R); interferons
(e.g., IFN-a, B, or v); tumor necrosis factor (e.g., TNF-o. and TNF-B) and their
receptors, TNFR-1 and TNFR-2; thrombopoietin (TPO); thrombin; brain natriuretic
peptide (BNP); clotting factors (e.g., Factor VIIl, Factor IX, von Willebrands factor,
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that interact with host cellular proteins to carry out transcription and translation.
Such elements can vary in their strength and specificity. Depending on the vector
system and host cell utilized, any number of suitable transcription and translation
elements, including constitutive and indﬁcible promoters, can be lesed. In |
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



cells. Preferred are CHO cells, particularly,

CHO -DHFR cells. The cells suitable for culturing in
woOhersvsgdoods and processes of the present i nveariusmo3/040991
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In a particular aspect, mammalian expression systems containing
appropriate control and regulatory sequences are preferred for use in proteln _
expressing mammalian cells of the present invention. Commonly used eukaryotlc
control sequences for use in 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),



and isolation of proteins produced in eukaryotic
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following nonlimiting examples of marker genes: dhfr, which confers resistance to
methotrexate (Wigler et al., 1980, Proc. Natl. Acad. Sci. USA, 77:357; and O'Hare
et al., 1981, Proc. Natl. Acad. Sci. USA, 78:1527); gpt, which 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,



Exanpl es of expression vectors suitable for eukaryotic
host cells include, but are not Iimted to, vectors
woaoosvasaonl i an host cells (e.g., BPV-1, pHyg, P8BEVS2003/040991

pSV2, pTK2 (Maniatis); plRE% (C ontech); pRc/ CW2,

pRc/ RSV, pSFV1 (Life Technol ogies); pVPakc Vectors,
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Vectors that express DHFR as the selectable marker include, but are not
limited to, the pSV2-dhir plasmid (Subramani et al., Mol. Cell. Biol. 1:854 (1981).
Vectors that express glutamine synthase as the selectable marker ihclude, but are
not limited to, the pEEG expression vector described in Stephens and Cockett,
1989, Nucl. Acids. Res., 17:7110. A giutamine synthase expression system and

components thereof are detailed in PCT publications: W087/04462; W086/05807;



Protocols in Ml ecul ar Biology, John Wley & Sons, NY
(1993); Kriegler, 1990, Gene Transfer and Expression,

wa 0mimsssab ory Manual , Stockton Press, NY; in €0apses/ 040991
12 and 13, Dracopoli et al .42(eds), Current Protocols
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neither removed, replaced, nor supplemented, i.e., the cells are not “fed” with new

medium, during or before the end of the culturing run. The desired product 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 various feeding regimens and

times, for example, daily, every other day, every two days, etc., more than once



fromsuppliers, including, for exanple, Lonza

Bi ol ogics, Inc. (Portsnmouth, NH). In a particular
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concentration in the feeding medium is preferably provided in an amount which
affords a sustained or maintained level of D-galactose in the culture, or reactor,
during the culturing process. An amount of D-galactose suitable for use in the
feeding medium comprises 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.. As a specific yet
nonlimiﬁng example, 12.5 g/L of D-galactose in the feeding mediumuis‘ éuitable for
use in the culturing method of the invention, particularly for example, for 50 L
reactor scale. Further, it is preferred that the residual galactose concentration in

the feeding medium used for culturing cells (e.g., in a reactor or culturing vessel) is



The desired product is then harvested at the end of

the cul turing/production run. The present invention
wonefsmssdoby enbraces fed-batch cell cul tures i RCWISZI03/040991

the two or nore tenperaturedshifts during the culture

period yield increased and quality protein production

and can extend the protein production phase beyond

that which occurs when no tenperature shift is used,

or when only one tenperature shift is used.
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f
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appipaigiess BY thasediaving skl in the aHetissUeHFYYraciR E'féa&ks and
O SRS By NS B e s e

saate,(ea. N800 An80BMILt andékieﬂlhe ,dog esampte) ascdgsctibed gn capmonly-

assxgnend gerf’&%np apBllca%onLttJ S. Slerlal No. 60/436,050, filed December 23, 2002,
and U.S. Serial No. 10/ , filed concomitantly herewith, the contents of

which are incorporated by reference herein in their entirety) procedures including,
but not limited to, a fluidized bed bioreactor, a hollow fiber bioreactor, follér 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 in a batch, continuous, or fed-batch mode. In addition, the



10 g/ L, preferably, about 0.1-5 g/L, nore preferably,
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E o hadagth pitase: ol i glusS i e s, ol roRd o togigrowth

L34 Mo M theStdtioRAnyGhiset BhAYLFRG vitich the
pr%rlég uc@ﬁ@@e g‘éff\f@’ﬂ uag%er condi t il%nsrxlf or the | arge@or _ _
viahtelcell deosity abaoyitiots peinbis Ipwet tamsat anyi prgvinusttirne point during
hvt(eﬁ?el s and/or culture apparatuses that are
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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

according to the present invention may result in more viable cell survival until the
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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 of the invention (both those involving two or more temperature
shifts and involving delayed addition of polyanionic compound) 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 CTLA4lg that comprises amino acids -1
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LAY RS S Rl HRLES T4 B34S shown n Fic,
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pre er @Sg g. More preferred is CTLA41g that
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of a molecule and its ligand can be regulated by the products of the culturing
processes of this invention. For example, CTLA4 interaction with its ligand B7 can
be blocked by the administration of CTLA4lg molecules. As other examples, the
interaction of Tumor Necrosis Factor (TNF) with its ligand, TNF receptor (TNFR),
can be blocked by administration of etanercept or other TNF/TNFR blocking
molecules.

~ Wild type CTLA4 or “non-mutated CTLA4” has the amino acid sequence of
naturally occurring, full length CTLA4 as shown in FIG. 5 (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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y occurring, full l'ength CTLA4 as shown in
b'E?%%?f( and al so as described in U S. Patent Nos.
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thB@kttas200ar Géﬁm‘lof 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 isoleuciné) or non-conservative (e.g., a glycine
substituted with a tryptophan) structure or chemical properties, amino acid deletions,

additions, frameshifts, or truncations.
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product. The mature CTLA4 protein may start at

thereohisiigines T@tarbtgsmqleem commsising alhpha pertigryef an gamupoglobulin
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théfden eah ibenmutatéd 2004/8588R9 irP& Té4FIYMBoIIOMdctoAflnctions (see,
e.g., U.S. Patent Nos. 5,637,481, 5,844,095 and 5,434,131). As used herein, the
terms Ig moiety, Ig constant region, Ig C(constant) domain, IgCy1 (IgCgamma1),
IgCy2 (IgCgamma?2), IgCy3 (IgCgammagd), IgCy4 (IgCgammad), IgCu (IgCmu),
IgCa1 (IgCalphat), [gCo2 (IgCalpha2), 1IgCd (IgCdelta) or IgCe (IgCepsilon),
include both native sequences and sequences that have been mutated, such as,
for example, sequences having mutations in the constant region that reduce
effector function.

A particular embodiment related to CTLA4 comprises the exiracellular
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sqog@@e(qfédggﬁegg%lg p@@p(qs@wmne p@@g}lnq ag@aq)%té@n )1 to lysine at
ﬁh%c p gﬁg Hhﬁ%}T ?é g@gﬁ hORAS! haaRindt /, the amino acid

oth native sequen
setﬁwmeecnésLthtAZM@ cbﬂ'ep:msemmmbdqmmlahaamo a€idrposition +1 to

YSEG A ARIRR B LARTRON SEPAGSOT T Bt & h &AL FAFiER20Y ycomprises

uﬁEﬂRﬁ}%HTi'r% ?6@' RERE el uiahing a‘Fg BBHibASS 25¥nd an Ig portion
extracel | ular WO 2004/ 058800 PCT/ US2003/ 040991 50

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

produced by the culturing methods of this invention may or may not include a



domain of wild type CTLA4 starting at nethionine at
position +1 and ending at aspartic acid at position

wo dawkosgroost arti ng at al ani ne at position -1 t®eCcT/US2003/040991
aspartic acid at positionstl24; a junction amino acid
resi due glutam ne at position +125; and an
i mmunogl obul i n portion enconpassing glutamc acid at
position +126 through 1ysine at position +357, as

siciay Lend et peguenaD o TYPIPAIN RaS ARIFFidas Piolced according to
th vteHﬂSng‘élﬁcﬁ%éﬁcge g‘%@%l gé@é%q%hy@m ty Bl vd.

nassas r the provisions of t he
Buda!;seﬁedﬂnmiry thabetnh aslub@mfatsdorm‘wdnamul%lméwmnt

ATCC 68629; P. L
thTSp0 3105 GOURI GHATEENPS 9 Al b e SLp M tiogHL RAY 5 xETats. CTLA4, B7

or $A99 LA BoHaldEXoftble B %ﬁabﬁmQE(Fﬂcngﬂ@%ty islan bXtraciurpn

-1 07 e sol ub LA4l g nol ecul es
dopraid ot &F Lafek B7omgDes, tmmbvdydﬁlmwmehe@ miptacsilgrsuch as

n cl.ude ,a SI naI ader
c Tl 8k B eBkrediSaiiie 5 Rl b RS MerRE B ifomein,
y%idli'ﬂ?' th(e' ﬁ%éh&é@&lbg%@@%@Q@GOﬂV@l teahb Ynvdritien do not
ol ecul es do not include a S|gnal peptlde sequence.

includet BAIgNAl doi leader)ssigsienpeéot ein that is a sol uble

Gonds sOUPRCTERY Shefuieda bR e BefXhAAGE botha e,
cnréa&YnQPrrio}’é@ﬁe Bempiicing \iitd tpeeSTUAS, emm} pbl:lionmg“ demvatwe that
an al anine at position 29) and L104 ?lggl ut am ¢ Id
bings B8, @§|U@|G%Q®G@t mBed |tmqlwe}ef<6Tl—% o pEdtgins; Soluble

ct 0&4? g&g% f%%dcw%ag; f&;&@b#melﬁé%  ATCC 68629),

am no acl duence of
whetaﬁﬂhégéﬁt@cemmﬁr demmrabh@TnMas fasgdhto aicigimuistytthais all or a

e it Pt B B BP0 R8N o, s
ooAPSERER GERY) SRR ImIRRSDIGE B ettt dois
(Iglgammag) HDGY449CW#W9NQ@ (19Gpu) s kxCael (|g@atﬂhadl)l IgCo2

acl d resi due@gl ut am ne_at position +125

(I5tplpoat) bbb diacsiniasor i lGCaRSIoR c 1endRring3ae fiigan molecule

s Ttitgg E’%@@@Iﬁgﬂ%@ i ;Lg%@%){&gms lhgﬁhla’?’%e e%&ﬂ%‘&ﬁﬂam is fused

orAoiet th a PopforCol 4 brcﬂaogiodillyemttlvemr(oh'é@@):altlmdeiwet retein such as
provi sions of_the Buda estg%LgiFé(r has
tha pepHIERVIHEE 2888  BIFHA | R 7 anorfaz@&?@*@%am'ge”
15
P PR B RO My PRV GRS Ly e SRR o g R o LS.
Patedt No. 5Y84@ 1098 3@8sinAacombratad duye“efe‘renc@m s edtitepy; hybrid

oSG e F SRR o AR . Patere o
5,484 Radsnefeirt HedrmorarsYy bgPefEPé’ndéflnfTﬁyemn*étyf UII'L'NEm@Ié&QIes with

'2004/ 058800 PCT/'US2003/ 040991
the transmembrane domain removed to render the protein soluble (See, e.g., M.K.
Qaks 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

sequence that will permit secretion of the molecule, including the signal peptide



51 signal (leader) peptide sequence. Typically, the

nol ecul es produced according to the invention do not
wonaed4odgsoa si gnal peptide sequence. As used heperms2008840991

termsoluble refers to any 3ol ecul e, or fragnent

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

circulating. For exanple, CITLA4, B7 or CD28 can be

made sol ubl e by attachlng an g noiety to the

extracel lular domain

28,
frara gpeestalialN (Malik &t Akt 1%9 WO&CnQeélcﬁwgD 9@@&73%853&1%@'35
Gt O sl DY SIS ol SR any

e)?mepldaggrdtemt HEhe solable (OTﬁi_Aglmolbcuier}m‘odldeedilbyltlge}aUIturing
or | eader) ,sequence. A sol uble CTLA4 ecul e refers
Proeegsasud- tb@umvegﬁlpﬂa‘“@éuaewﬁl& tbe %costagnr@@rgml HSPF e linked at

thEN-f |ﬁal bf tﬁbrb%t cteguyhy MCTQQ&?W@?Q[I)? lﬁr’l‘hé’fnvennon

eriva |ve udln
thé onolsollebld® muwdluﬂem mgnaﬂrpﬁmldesseowhuel e CTLAA

rc B Bjsion arale Bias iasel RREFEIEA Bb 2r hBELIe FBrhg the

e)&?ﬁ'céﬂulélsd(;)r\ﬁﬁ\doft\ﬁloﬁ?pé CHALF i ’ﬂh%r@df'thé’crblﬁds to B7, fused to
ortion nol ecul iEIhAera all or a portlon

a n@n-@TLngdf ooisty eﬂrrat reeQermthe 4 arsolacmle@ollwlgmuqu&s an lg

?%&E&H%%ﬁplpgaﬂ'l’qé%z (] I%%p I}(I‘Jlé%e extracgiular domain

of((t'ElQ@i Rid td .allldd@aFortibh @Fahng éahstahﬂ fSgidm gEﬁtah’tpﬂlés of Ig constant

(1gCepsilon), rendering the fusion nol ec

d@gaml(@r peiions[taerepiAhat maydre frssddpisT Ak mlt&lﬁ glhut are not
|ingi§érc{ fogﬁn'o'gg i8fed eﬁ%’ir&bcﬁ/ﬁf U B A fulsRInGdtdth tc?naals? be a CTLA4

ogical'ly "active or ¢ em cal
mptapit ehalesuleh as the papil |l omavirus E7 gene product

(CTLA4-E7), nel anonma-associ ated antigen p97

( CTLAY uB8d hefdin Hn\eSnGOVLAﬂQhSﬂefy” (r6f8éo amroleBlRr, partion thereof
described in U.'S. Patent 844, 095, herein

thrhdeepophbiad GBS endlascass @nﬁtdpe@mqtrl@wferwﬂihﬂbe binding of

T o B A 8 AT i et
all @lf:@ pbftkﬂt @fdatu’ﬁ},g T’ﬁieﬂtuw]cwpom?ntd aglbldg_mally activéddr chemically
actuRGPIEN SIS 38 i PaBIIBETIS.EY Geng prodyok (CTERR<E By
m@|anon?§ggsocg§4gy%ﬁ@febw W3- P@Q}oﬁﬁ‘ﬂv A9 prB@' ©{CTLA4-env

I ncor porate rence 1 n i entirety);

g=1d0) ifhe dEFteechint W8, Seladdd. &,844)a82\38rein onmral@Iddoy
| e. CTL t ant

relRIpRCaITLS STt oI an s oLdo RotiElt BENecR e Portion of an
RRERGIonH Sl adman: EEEBE‘%%‘%G”Y%E‘%E&%?“EE%‘??%S
(Ig@garhms@)ylg@ﬁqwgmm by lg@gamwé)c fgstii dgCaiu)t lgCort
(IgCaIpha1) IgCoc2 IgCaIghaQ) |gC§ (IchFeItat) or IgCe (IgCepsilon). The Ig
moiety can include the hinge, CH2 and CH3 domains, or the CH1, hinge, CH2 and
CH3 domains of the aforementioned constant regions or other constant regions.
Preferably, the Ig moiety is human or monkey and includes the hinge, CH2 and
CH3 domains. Most preferably the Ig moiety includes the hinge, CH2 and CH3
domains of human IgCy1, or is the hinge, CH2 and CH3 domains of human IgCy1.

In an Ig moiety, the Ig constant region or portion thereof can be mutated so as to
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(Malik et al., 1989, Molec. Cell. Biol., 9:2847-2853),
wono@dnssso)N. H. Jones et al., 1986, Nature, PCT/US2003/040991

323: 346-349), or the signals3peptide from any

extracel lular protein. The sol uble CTLA4 nol ecul e

produced by the culturing processes of the invention

can i nclude the oncostatin M signal peptide I|nked at

the N-terminal end of the extracellular donain
redieenits effgpios dunciions{sedes-on kbt Paienttyes. @5%6&5&85&44 095 and
5‘%3% gqﬁlude a signal peptide sequence. CTLA4 fusion

t as used herein refers to a nolecul e conprising

o TR A Bt R g ey iy T of i ype CTLAG
thé‘lor'éb hidds 'éﬂueﬁ.brdé Bat Fétd@nsolé han @ﬂréé'elmlﬁlﬁi‘dthém of CTLA4

sol ubl'e, such as an g noiety. For exanple, a
comises rpe‘dstl@‘nlne @aposmon udetor arpagtic aaldeatlnﬂsaw%T%ﬁ H:IG 5). For

of LA4 f
oA ekl b OR1 CSeRee SRt e B8 pbaka - v
asipasiceadil anb@tsm@ﬁm@a @es?to CTLA4 incl ude all but

are not limted to those |isted herei nabove.

f usiAmupedheraindha tam snyation cslessito aghange mf@:uv@eotlde or
B sB501c of S TIPS B AR r 58S onag jne DA

ariiey axmnircRBéid sedudness obthel wiletyper @ThAL Peﬂmeelmladdmglamf A
CTLAA to |ts | igand. Exanpl

d
myiatiepd the DN may ¢hangeya paden jeading teo 3 tangém fhsengoded
arﬁﬁo' &:n‘]’?}agﬁé%@e A EfN’Atc'h%HﬁQ uéﬂﬁ Picﬂldégé@@étiltl)‘tloi‘fst d¥Rtighs,

active protel as the papillomavirus
in&&rtigas, ealtﬁ'rnatmm sglicig)\or Ermcatlmed: aAor&mmssamd ahanige may include

g{ég 8 | éCTLA4%%? e‘ . V ertw tel n SpchA4In

subsisiipnsndelgtiohs inseriphs. rdditiens, fiyrBagions; b progesing

cl@@xfa?pé"er‘ré‘r‘écﬁfﬁﬁé %&@lrpyAltéﬁfaﬂ(/él?Cﬁldtétldntsﬁn eNhiigleblide sequence
les of Ig noieties includé all or a portion of an

mamﬂemdt;lhcﬂ)allen’i nedtatioaiin theoaming asidseauenegs is well understood

in (”&‘%% r%% aﬁ,ﬁgkﬁﬁ%fs@@é %@&ep gé‘}égdé %ﬁ&’@@@% same

ar’nm@aé’cOe idl| iEQé)hﬁil@e?Th%cldo@G&Jdlé@lﬂiet b@@dn@?@ég%G r(]DGC and CGA

silon e noi e can inclu [

Impg anvadenhe agtiae ﬁ§'d argIFW@y(a)alorw 56”3 aBASAG pwhich
ra%ltﬂg a%'{*g% c?fa%bﬁﬁﬁﬂqéé r(B const ant regi ons or

er cons I ons. eferably, the Ig noiety is
hurmThuzr mmlmn cancbe emd:odmisby bee oir myere rCidkeiaadid @egkcules that

difighiganeispeatia Tesotdg echenge il shyefe PIafETh biiggules
haﬂhr\’%ﬁien I @Eg‘le%@s d9pRI AEtaPh nhsiE&Me 4y Rave bﬂeaﬁr r@re than

constant region or portion ther eof can
orime mumaoed Foo gaidanse, the amino acid coding sequence is as follows:

Amino Acid Symbol One Letter Symbol [ Codons

Alanine Ala A GCU, GCC, GCA, GCG
Cysteine Cys C UGy, UGC

Aspartic Acid Asp D GAU, GAC

Glutamic Acid Glu E GAA, GAG
Phenylalanine Phe -F . UuU, UUC )
Glycine Gly G GGU, GGC, GGA, GGG
Histidine His H CAU, CAC

Isoleucine lle | AUU, AUC, AUA

Lysine Lys K AAA, AAG

Leucine Leu L UUA, UUG, CUU, CUC, CUA, CUG
Methionine Met M AUG

Asparagine Asn N AAU, AAC
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ef fector functions (see, e.g., U S Patent Nos.
w6 268054804, 5,844,095 and 5,434,131). The PCT/US2003/040991

extracel lul ar domain of CTLA4 refers to any portion of

wild type CTLA4 that recognizes and binds B7. For

exanpl e, an extracellul ar domain of CTLA4 conprises

nmet hi oni ne at position +1 to aspartic acid at position
+124 (ELG5)—For—exanple._—an—extraceHular—denrain
Anping Acid "1 Symhal _ ['One [ettef Symbol ;| Codons
Pl R ey ad GCU; 6CE, DEA 868
bGlbha%*n‘elJ L IG.'hILTJ.L‘l-d Ll A 'T) . I'\.‘.. ?EAGCI ICI ||1 ] lIIIC
“Ardihme' TAGTET SR @ thallge TEQUIedE OV EGREACA, AGG
gdfide aCT U SHEIFTICE Tig a@ W1 U 1yP& JEI, ©8d, BCA! 9CG, AGU, AGC
XFHiEnfe @ CHage 1| e DNA—and/| I ARCROAGA, ALG
egHjiRdICeS of [Tag Wi I T ype CILAY exgua@id, dual gaamai n.
Triéphbh ON 1] he DNV may change [ajg®don Teading to a
hpagmel N t hd ®Acodedy am no aci d [apquence. A DNA
change may include substitutions, deletions,
insertions, alternative splicing, or truncations. An
am no acid change nmay include, substitutions,

del €A% HRed NBFRIB: & fZEECTH QIPOTAMLIS AMVPRTAPT SRAMesE of a molecule.
F% ?’?Eﬁﬁ IRCs, £45 %ﬂ?oF‘PBﬂfoﬁ i0f ré#&?atﬁ&%@ eRtracellular domain of
e nmut at g I

rnatively, rons I'n a nucleoti sequence may
CTeAdlar GD2& arid patt omseghien therebh éhaimesogrized and binds B7 or

infr5SE b L Bac, ekt BT kerofBg e G2 Aol Stk plse as used
h&BIFE “c@iedporid mEXRSBh&dd B4 siedBehfgt | de codons
CAJ, CGG CGC, and CGA whith encode the am no aci d,

ar g| B N&s g@d hgfeiﬁ,%?é]éitgék‘l%)rﬁB%gﬁ‘gf W B2 railg %?'?nc{)lgéhles

am no ’‘acl aspartic ac , a protein’can
inelndidg dubpobliraited tonB72 1@ &0) ¢ Fesmndamet akul @89, thwmunol.,

18427 42788 4BSisin FRFPoraracl by B0 ¢rice s SEac7-2 (CD86)
(FPESMERR ., 1963 "YEBREe BBR600-D17BHe RAY hc@Sorabéd g?ﬁ'é‘ference in

“than one, nutation. For guidance, the am nho aci
itcentiraty; degownetkali,s1 908, NatliwnS66/46-19, erein Beatpsiratasdby

etter .Synmbol. ns_ Al anine A a A
rel§TEhER IEHTS0u eI rdaasnRes 1 RNAS e LA A B G D28 CeD28
refdrd t@ M mdtdctiidInat Fedatyhizesnd Hihas B7ad SaedtribBlEen B8\ Bkrial No.
UUC dycine d G GAJ, GEC, GEA GGG . . o
5,580,756 and 5,521,288 (herein incorporated by reference in their entireties). As

used herein, B7-positive cells include any cells with one or more types of B7

\ A%}

O PTW0W 0O ~+Q

molecules expressed on the cell surface.

As used herein, a "derivative" is a molecule that shares sequence similarity
and activity of its parent molecule. For example, a derivative of CTLA4 includes a
soluble CTLA4 molecule having an amino acid sequence at least 70% similar to the
extracellular domain of wildtype CTLA4, and which recognizes and binds B7 e.g.
CTLA4Ig or soluble CTLA4 mutant molecule L104EA29YIg. A derivative means any

_change to the amino acid sequence and/or chemical quality of the amino acid e.g.,

amino acid analogs.

As used herein, to regulate an immune response is to activate, stimulate, up-
regulate, inhibit, block, reduce, attenuate, down-regulate or modify the immune

response. A variety of diseases, e.g., autoimmune diseases, may be treated by



Hi stidine Hi's H CAU, CAC Isoleucine Ile | AUU AUC,

AUA Ly sine L s K AAA, AAG Leuci ne Leu L UUA, UUG
wGL4/08%300 CUA, CUG Met hi onine Met M AUG As aPaT/iUusSe003/040991
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Ami no Acid Synbol One Letter Synbol Codons Proline Pro

P CCU, CCC, CCA CCG dutamne Gn Q CAA CAG

Ar gi ni ne Arg R CQ, CGC CGA, CGG AGA AGG Serine

Ser S UCU, UCA, AGQU, A reom hr T
reg{é@tmg\@@lm)sr@me JRSBOVEE| ‘ﬁ@ ARy feguigling é[‘ﬁt‘o ZDﬂtAiba“id/or
C[EQB-B%E&W&?MY’ IH@aEﬁélﬁ)sSWﬂﬁ BT#Eoél tl\%%’elléﬁfoﬁéxé&ﬁﬁfé a method of

ragnent or Is any part or segnent

reglﬁlaangahenmhme ré‘smon@éMmse@muadlrng@-mﬁmvercells with a

r ef rabl extra eII | ar
OI&A%@ edug gﬁ%qr gﬁqatOQHﬁlnventlon to
fofrﬁ%eﬁﬂb'lé@sf B*?'caﬁﬁoléZesorwhéraﬁﬁhé%roﬁ?olwmem Fblssule
bl ocks bi ndi'ng CD28 and/ or CTLA4. Al so, as

intesfedes with dhe reaci@nr@‘@meudmnqmaﬁﬂéﬁ andier a8 enelecule with

th? %gn %eg,lﬁBrTO agloﬁ%’ed 'Hr?lilglt’n?ﬁ qﬂ%ﬁ gstlg(ﬁﬂw Hﬂfl@?l% ?é OIeferred
to%arelﬁ7mba(’1§@8%te(‘fEFé?WTﬂﬂhéfacﬂbatlonl@ﬁﬂe récbpiovrelgnal or molecule,

2714-2722, herein incorporated by reference in its
aSedﬂteﬁ@dmy ampriorecopeigpd test dalagkaga oginhibitiarygan be partial or
to %ﬁlence 262: 909-911, herein incorporated by reference

its entirety; Azuma et al., 1993, Nature,

366:76-79,,h . ) d f
oot iASudsd pAGI, Diodkifd B diers it B I RigaThd bpgne
b.ﬁiﬁ?ﬁé of B ®/ifs higaridie sish a8 \CB28 Aat/or €STIoNd 2R rebycortdsing T-
as described in U S. Serial No. 5, 580 756 and

ceﬂ eafmlBZa@sawemllnntaﬁ@@tqm aﬁwwsmémeetﬁc@aﬂ Rlackds 7

B 550 B TR, P BBTLA A Py (o

pdTibie ereresf) anar eesgeizes andebines to Wzﬁ@cet CA&Ads D28 or B7
mglggaiggd@ag;, %%1;\,13&% gy% solablae frcgtr)rlne((c:)}*J Lgnllolg%ereo?{ 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
CTLA4lg (ATCC 68629) or L104EA29Ylg (ATCC PTA-2104); a soluble CD28
molecule, such as CD28lg (ATCC 68628); a soluble B7 molecule, such as B7-Ig
(ATCC 68627); an anti-B7 monoclonal antibody (e.g., ATCC HB-2583, ATCC CRL-
2223 ATCC CRL-2226, ATCC HB-301, ATCC HB-11341 and monoclonal
antibodies as described in U.S. Patent No. 6,113,898 or in Yokochi et al., 1982, J.
Immunol., 128(2):823-827); an anti-CTLA4 monoclonal antibody (e.g., ATCC HB-
304, and monoclonal antibodies as described in references 82-83); and/or an anti-
CD28 monoclonal antibody (e.g. ATCC HB 11944 and MAb 9.3, as described in
Hansen et al., 1980, Immunogenetics, 10: 247-260, or Martin et al., 1984, J. Clin.
Immunol., 4(1):18-22). Blocking B7 interactions can be detected by art-recognized
tests such as determining reduction of immune disease (e.g., rheumatic disease)
associated symptoms, by determining a reduction in T-cell/B7-cell interactions, or
by determining a reduction in the interaction of B7 with CTLA4/CD28. Blockage
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ofpRaHFaDE o ntpachrdrehdnb 5ol R ler Y ERRT(ADCD). The
Ig%él egrﬁﬁg\% @ﬁé%@mor@ r%@téﬁ!f‘éh@ tI%réW'(@@' i théL(“}IHQ @%maln to

ATCC 68627); an anti-B7 nonocl onal antib

re(:lecg effem@m@omsasucma:scﬁcﬁ_or ADCC) where the mutatlon modulates
the capability of the Ig to bind its ligand by increasing or decreasing the capability
of the Ig to bind to Fc receptors. For example, mutations in the Ig moiety can
include changes in any or all of its cysteine residues within the hinge domain. For
example, as shown in FIG. 3, the cysteines at positions +130, +136, and +139 are
substituted with serine. The Ig moiety can also include the proline at position +148
substituted with a serine, as shown in FIG. 3. Further, mutations in the Ig moiety
can include having the leucine at position +144 substituted with phenylalanine;

leucine at position +145 substituted with glutamic acid; or glycine at position +147



2223, ATCC CRL-2226, ATCC HB-301, ATCC HB-1 1341 and
nmonocl onal anti bodies as described in U S. Patent No.
w6 204B5898 or in Yokochi et al., 1982, J. | nmeaoius2003/040991
128(2):823-827); an anti-CHIA4 nonocl onal anti body
(e.g., ATCC HB- 304, and nonocl onal anti bodies as
described in references 82-83); and/or an anti- CD28
nonocl onal anti body (e.g. ATCC HB 11944 and MAb 9. 3,
as described in Hansen et al., 1980, |Immunogenetics,
subgtitufedywitb@laipenmrtin et al ., 1984, J. din.

| munol ., 4(1):18-22). Blocking B7 interactions can be
det ected by art-recogni Z@M@iﬁﬁsuch as det er mi ni ng
reduction of immune disease (e.g., rheumatic di sease)
as s (tesfotldwingpkampleshset dettle specifio gspectsdidhé inveintion to

IySade e RveRiom BNt rayide & Giecaptin? i it DEoRoRk fiBads for those
of BkMGK 39E aMO ﬁ@#‘(&@?f’&%fﬁé Hsth8 %’oﬁ&@@@é asfnitisg thdRvention,
partial or tota Used herein, an effective anount

asihea‘-:xanh[mlea Ineerebf provideospavifammethoddiegy abd exkeplifieation that are
em)lecuevvl i.ts ligand

usefli e Ui @laridli 7B Finlia oighe ol it prious aspects
bl O%nﬁﬁl@s' 2T f@ﬂhcﬁekﬁﬁ dbddribeTdsdve ripishio relGBR to Bell

t he anount of the nol ecule that, when bound to BY
cmmreepmoegswwm tamperatwel shifts fuANGthe cEiuragLB c X@snples 6-

{55 SR IERE  PERAR B e T e
addiin M[@cﬂgémbhi% dothpo@ed tothe @fitulg. Wi th CTLA4 and/ or
CD28 is the amount of the nol ecul e that, when bound to

CTLA4 and/or CD28 nolecules on T cells, inhibits B7

nol ecul es from bi ndi ng endogenous li gands such as

CTLA4 and CD28. The inhi EEXAMPLE 1bl ockage can be

partial or conplete. For clinical protocols, it is

pr ef Bris Ekanipdée provddés) mabemly aoil raageeﬁsafmplotyedumthe processes

o Bl A GOy B b e

XN IRICHSTIRA B fision p”foielﬁé a8 deatiib&d hefeih e EkEmples 2-4.
const ant reglllac;j i ncl udi ng human or non-human primate

1.1 g GalhGulnre iums. Exanples of suitable Ig regions

o Y SS9 el BT A6

ge(riéiéfﬁérpbﬁh for ?l‘oﬂfﬂﬁl%f c(llt@@@htﬁ’b&ﬂ')aactbg@ﬁnélhdﬁ@@ ht@} (@L) and 50
gCepsilTon), including the hin

teto(o LycsTogNCHOTI At AGEnOdiBs SICHE raedihEonahng:

f to
gl%%llég,e éd’ &8 6|Barb‘?:1nfa§§ i tél,(l:l g%g%?ﬁotiﬁ? gﬁwm & arRbad,
CA%)exe?nplﬁrwl |bd'da§bleiepél'ﬂﬁ£plﬂ aof éhé rmaxtiumit\eas adjusted to 7.0 with 1
N?—Yélm oxicity (ADCC). The



g noi ety can have one or nore nutations therein,
(e.g., in the CH2 domain to reduce effector functions
weuaei¥/0ass0CDC or ADCC) where the nutation nodul RCEAIS2008840991

capability of the Ig to birid its |igand by increasing

or decreasing the capability of the lg to bind to Fc
receptors. For exanple, nmutations in the Ig noiety can

i nclude changes in any or all of its cysteine residues
within the hinge domain. For exanple, as shown in

FIG 3, the cystel nes at pd:ﬁBLﬁ?_d.ns +130, +136, and

139 are rstubsttiugt —Sertne: C
;I SO ?Lgl uloleM ﬁ@p}?gjb #yd posi t| oréﬂgiqigaﬁ&vlgls{i | 3?ed

with a sefn J%’"ie.n.q.: 3—Fu rut-atd ons
in the Ig g Cf‘@d}ge havi ng ‘)tl('h l‘eum ne at
posi ti on W -a,rl,s hphenytal-ani-re—tedici ne
at positip QPA ngﬁ c& /vlth gl u%%m'/k acid; or

gl ycine a pﬂﬁ'?v W3)2004/ 058800

PCT/ US200p/ 0ABY6HO %5P< S%'t?dst i tuted with™lani ne.
EXAMPLES | fhuitrogen.dearis 3%’)1’\ es set forth specific

aspects of t /- pH@e?ﬁ’ﬁ%ﬁf'ﬂStlb Il ustraf@Mhe i nvention
and provi ddinyitieaenGaslsbagh &ff) t he present nethods {or
those of | skill Ligltamineart. The ExanBi588 %hould not be
construedlas |ifinvittegethe i nvention as the Exampl es
merely prpvi def-spmen fiisslimet hodol ogy htimiL
exenplification(iheg/mkle useful in the understanding
and pract|ce of (inM#opeéWentionland its various aspects.
Exanpl es [l- 4 asMsthotrexateh bel pw descr ifod/lexperi ment s
relating to ceRDmMebluiior® progcesses invol ving
t enper at ut e (KW, fGastalMesamdCAhe| cul ture run. Exanpl s 6-
11 descri be eqoiumh hisatbonatel at  ng t o cdB2gdul ture
processes| i nMallemgodidiakgad additi on of pol yani onic
conpound to t hhitipskiung,eNJ)EXAMPLE |1 This Exanpl e T
provides materials and reagents enployed in the
processes of the present invention for the culturing

of resebHMydeliesh tise idtRbatehqstoegsd, Remoeifiedteeliimedium, i.e.,
CTLA4l g fusion proteins as descri bed herein jn

eRRErpmesliym4Invitroges); caniaining:giveasegltianipgsiasubirpnd TC
VGBS (RLDIRC) Skl EAROE NI i€ Pk ARk b o i

Talsle [2udT e pBl d)flthelfeétﬁng)m@dldrrﬁwas laidfuested 5©710 with 1 N NaOH after
production react ors, was nodi fi ed CD- CHO nedi um
the gstditian afall 5‘P’UPSH?W§ sodi um bi carbonate, insulin and

nmet hotrexate (1 nvitrogen, %ﬂ@?d CA), as

exenplified in Table 1. t he nedi um was

. —+ b1
adj usted topiutielf dRDF Medium Concentration

Component
eRDF-I 16.8 g/L
(Invitrogen, Carlsbad, CA)
dexirose 30.94 g/L
(VWR-Mallenkrodt Baker)
L-glutamine 4.1 g/L
(Invitrogen)
r-human insulin 1 ml/L

(10 mg/mL)
(Invitrogen)

TC Yeastolate 5 g/l
(Becton Dickinson,
Franklin Lakes, NJ)




N HC . WD 2004/ 058800 PCT/ US2003/040991 58 Table 1

Modi fi ed CD-CHO Concentration Medi um Conponent CD- CHO
wa@asno4hsssde | 40 ml /L (I nvitrogen, Carlsbad, CArT@S200B/040991

25x Acids Il 40 mM/L Invit®o en, Carlsbad, CA) CD CHO

25x Salts | 40 mM/L Invitro en, Carlsbad, CA) CD CHO

25x Salts Il 40 m/L (Invitrogen, Carlsbad, CA)

L-glutam ne . 0.585 g/L Invitro en r-human insulin

01n1/L (10_ng/ ) nvitro en Methotrexate 5 |/L

2. ( 20 Rrodystion Bh?s?i@ﬁm@%’@@' Mesa, CA) SOdI um

bi car bonat e (Mal | enkr odt Bak

Phi | |hep@mugtlom)or%¢t0f é’@éllﬂ@ak%PP@rﬁ'f‘PF’ ﬁﬁ@ batgh paaetpr, with

teﬁagpﬁtp ﬁngﬂgggﬁdaﬁoe&gsﬁggﬂ légaégé ?oncerﬁ%n]clggﬁyn%mtored

arni ng gl ucos am ne
anambanélleh{e a&t@d:catc&ncﬁr’aetmmmm wa%owaldx:ated Klyi mehsitirgy the

waté@@reﬂ giems@y ane m@, 33@?@%?83@5?@ sgfglr%h%ﬂy r-mrgieﬁbraﬁ'@%f Z{%gg?eding
pr%}é% rhﬁ’éleﬂfo %%%qﬁécul-arﬁ@rh eTRe YBRIiA RS ke

ncent r at o
fermentatlon was the conducted in fed batch mode.

Bioreactors of 5 L scale (glass reactor with one matrine impeller), 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) 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

control.

3. Feeding Strategy

At 24 hours post inoculation, a daily minimum of 1% of culture volume of
modified eRDF-I feed medium was added into the bioreactor if the glucose
concentration was = 3.0 g/L. In cases in which the glucose concentration was
below 3 g/L, the volume of the daily bolus feed was calculated to bring the glucose
concentration back up to 3.0 g/L. The daily feed amount was recorded on batch
sheets.

4, Sampling

Samples of cells were removed from the reactor on a daily basis. A sample
used for cell counting was stained with trypan blue (Sigma, St. Louis, MO). Cell
count and cell viability determination were performed via hemocytometry using a
- 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,

pO., pCO2, ammonia, and, optionally, lactate dehydrogenase (LDH). Additional



eRDF-1 16.8 g/L (Invitrogen, Carlsbad, CA) dextrose
30.94 g/L (VWR-Mal | enkrodt Baker) L-glutamne 4.1 g/L
woOnvi4tosggoen r-human insulin 1 m/L (10 ng/ L) PCT/US2003/040991
nvitro en TC Yeastolate 5 gbL (Becton D ckinson,
Frankl i n Lakes, NJ WO 2004/ 058800 PCT/ US2003/ 040991
59 2. Production Phase in Bioreactor The production
bi oreactor was initially operated as a batch reactor,
with n&sr ature, pressure, pH and di ssol ved oxygen
ba@bmpefmma overel fezenatr@Ai€ored  and control I ed. The
condition of the culture was eval uated by neasuring
the viable cell density and the concentration of
several key netabolites. The feeding process was
initiated one day after EXAMPLERati on. The remai nder
of the fermentation was the conducted in fed-batch

”Dderm@Eszéﬁﬁﬁée Bé§crgfne§hb p?Séb@uerbia@ﬂAﬁ@?tsﬂbWN dd-101E357 or

marine | scal e (stainless steel
+Irte@F in E\I\G 8, t(mcadamg BNA nlppb‘almct;ts WIIGC 68639), (frswe cultured

A data acquisition system (Intellution
C"Eé r@ﬁ) recorded t enper at ur e, pH and dissol ved

ghout runs. ntro

o4 %its Erenald aRosstiings pgese PHIE ivenfiel topdgiigha both
h@é QHQmphea (ﬁ htqu%ﬁ%yg'.rﬁ PRARY Sotdth lﬂ(}glvtrﬂj &H&We rur'i‘@havmg two-

ctor pace r'emoval . Mol écul ar oxyge
orﬁh&%ﬁapgempemwt@hhlﬁsam tbtal trumh Smesmictht2lelor 26630 Olﬁisés A

par edthro as d for
@&%Hbe S ey St o 3E o indipa BilY (haafipgarithmio
f
W P o LSBT 494 9730 0 ol eafe) 1. The
ruglwamémdecton clayt 4 tdagr2 \was day 2B, @nd/for tHentweastep shift, the
whi ch the glucose concentration V\ﬁ,?

temperature was controlled at 32°C from the shift on day 10 until the end of the
run. For the three-step shift, the temperature was controlled at 30°C from the day
of the shift until the end of the run The processes described resulted in increased
end titer of protein product, increased end cell viability, and volumetric productivity,
compared with single temperature shift or no temperature shift runs. In
accordance with the invention, the second and third T-shifts extended the run time
of the standard fermentation (culturing) process to two to three weeks (or longer),
while maintaining high cell viabilities. A close to linear increase of the titer of

product was observed throughout the production period.

CHO cells used for CTLA4Ig expression were expanded in modified CD-
CHO medium containing glutamine, sodium bicarbonate, insulin, and methotrexate
(see Example 1) using T-75 flasks (Corning, Corning, NY) and 250 and 500 mL
spinners (Bellco, Vineland, NJ). T-flasks and spinners were incubated at 37°C in
6% CO.. After sufficient inoculum was generated, the culture was transferred into
a either a 5 L (Applikon, Foster City, CA) or a 50 L bioreactor (Feldmeier,
Syracuse, NY) with 3 L or 30 L working volume, respectively, of the above-

described medium. The initial seeding density was about 2 x 10° viable cells/mL.

The 5 L vessel was a glass reactor equipped with one marine impeller



below 3 g/L, the volune of the daily bolus feed was
calculated to bring the glucose concentration back up
woao®/088gh L. The daily feed anmobunt was recor ded#CDMWS2003/040991

batch sheets. 4. Sanpling éanples of cells were

renoved fromthe reactor on a daily basis. A sanple

used for cell counting was stained with trypan bl ue
(Sigma, St. Louis, M). Cell count and cell viability
determ nation were perforned via henocytonetry usi F(% a

(ARpbass Foster Gib Gl B8 Loyesesl #8813 TlelIcseier| tas

I 0 _
BB SaF TR plet R A RS0 8 it
systeen ukiig mmllmgopd’ri)amé(lmeﬂutubm t Eoxboso,diA} recorded temperature

pHcans dishehsas exvaoriTDOy Ioahegt tae GGk yule Gioptrolied via
rs A6did FgﬂﬁJer %rﬁgﬁﬂl@%?)oomg%sé%?\gL% Qg@_?_ﬁe} Srez@&or via a

ack-up ‘sanpl es Were frozen at’ -

sdqumed frie@aunlpese tsire) pmadhnduginthefre@tloAdiegd spacarfon€0:

-1 to 357 or +1 to 357 in FIG 3, (enco?hﬁéw trol. CO
regqyabi M@éﬁ%&armeemwa@eeﬁhwghﬁaé@e [ pantrol. ©Oz
WJ@eﬁa %oeulgﬂl ﬁm é:fﬁtk?SISﬂl@h%ﬁ@%Bﬂscd?ﬁrdl hi dw side pH control

i nven ng bot uantity and high
wawséalﬂzyd WL&&Wg)rpobi & NaOI—thrthomg Ilmlﬂathn,ea¢Qﬁnz§abie\rahgeS for

o isue &, iferanly p- o o intpemaerivangr 0 Gelo diPe
prgﬁ'ergmyf%éo.f;;u@rﬁ,@)gg]to 34C occurred on day 6 (end of

"ogar 't grow h phase) and a second T-shift from

34C 'ﬁlﬁe §§I§rr8§qltﬁé B%r@&ct%@%aéggév%hs dahz %oﬂﬁ%sfe%ﬂqg%g?modlﬁed

day two-step shif
eRDE me@lupeflavltrogempas deed:mb:éd moEmmﬁlEd frable QheS§hllcfws
on, da unti | the end of .the

Stefingang Sy BHpYOCABOH AP £l CHBHENRIVEg e added as
feé@ﬁ;rg_m@mum% #VgluBbsd REeBRilldeldWE /Lt Aafiifatel vidime was

run rocesses described resulted i n increased end
addedsto lmﬁngaﬂl@t@umqﬁ leyrathback iec3 gdsed end cel |

viability, and volunetric productivity, conpared with

si ngTlee fermentation prosiess hadra dorationd 24t days ath Ltscalenand 28

d h
iy AtBOrL SR SThA e durdhion ot RBiavilfe R LS P italg gorrelated
w ﬁfﬂ?ﬁ&é‘écﬂ %inﬁér‘ké!tt‘ir‘ér dHi@Yothas ARS SanpY@s Wwerd taken otegldaily basis

onger 'e maintaining high cell viabilities.
frmndheseacptor forramlyamc Fenexample; samile gpedfor gallepitt was stained

wffﬁ?ryggrsl Bk e%lérrﬁraogghl?o lstIUI%)prd)eqlu&c}dn?%n@ezfellq}?ablllty determination
was performed using a hemocytometer and counting viable stained cells under a
microscope. For analysis of metabolites, an additional sample aliquot was
centrifuged for 20 minutes at 2000 rpm (4°C) to pellet the cells. The supernatant
was analyzed for protein titer, sialic acid, glucose, lactate, glutamine, glutamate,
pH, pOz, pCO2, ammonia, and LDH, using techniques and protocols

conventionally practiced in the art.



CHO celI's used for CTLA4l g expression were expanded in

nodi fied CD- CHO nmedi um cont ai ni ng gl utam ne, sodi um
woizerrosgsoat e, i nsulin, and nethotrexate (see BRamsk®3/040991

1) using T-75 flasks (Cornimg, Corning, NY) and 250

and 500 nL spinners (Bellco, Vineland, NJ). T-fl asks

and spinners were incubated at 37Cin 6% CQ2. After

sufficient inoculumwas generated, the culture was

transferred into a either a 5 L (Applikon, Foster
Cty, CA) or a 50 L bi orQﬁME_L(EEéI dnei er, Syracuse,
NY) with 3 L or 30 L working vol uneg, respectlvely of
t he TelmmExan‘@&desctrmamm presemtsethierrestilis oge@mpﬁgatlve

5, bl L
ovglieod i aSste Vsl Bindefpey s, Relfine g Rultister
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kon, Foster City, CA); the 50 L vessel
tlt@té)n glleof g!weerote@a@pduct Vae detarmined, 5 welsshe emq titer sialic

acSSBABR o TP 0 B 55 oS A oy

antthe' ARy e fieend of the ruid, (viaibte ghd sell\dedsityy gen
(DO throughout runs. Gas flows were controlled via

rot hferitSRAC 1IBRARRT-C; YRANRIB khél lisc; Ahd 1II-A, nn\mnd l-C
sparged into thé reactor via a submerged frit

5 p
refevite the seneanall auittion gin with the semsr taﬁmawaéﬁlff Bfof@ﬁssessed

o S 51 A SR G565 R g vere

askBbéed aftehwaasis d‘@r PB, tloBtahal 111- 3gwes2d@agt-| @mxthfdrdLC II-C and
was realized a_é dition of 1 N NaOH. Wth
epe

4G aften?s @haySa merlmmg%wer% Perfg\tmwéiréaéi ly bioreactor in

wrﬂ%ﬁftﬁé e S}OZ'gﬁ'O%S%% mn&éa%ls?f%h&)&s}"?tfaetzpe é%@olved

o@& eh &R a0s; amtlgh‘aeﬁoa'pdﬂldnﬂ lhmbll’fem[@@dtursm@ml'lfheedata
DF nmedi um (I nvi trogenz as described in ExanP
wergmkdaipedfeom ded-baich cel wl{qrgéem@taggn%ggqord ng to the methods

nimumof 1 %culture volume was added
of tﬂg‘ﬁrésgetﬂt%beﬁggﬁlum if the glucose level fell below-3

o e T LA I o AL 10 e
Ecttd] 30 SR ludai s was S 80 8o i B o
dagpsz r?t? %rﬁfdr@'sﬁfﬁd with the added tenperature

or t

run. ‘Sanpl es were taken on a daily
EXpasinsentfll oimet dedl cudimied temperatamalgs centrélted axaril &pm day 0 to
sanpl e used for cell count was stained wth t {qyp n

day GicandsrighdrC kpm dayf4o dew21 @ingle f¥Reraiwg ¢

I °
bt 5% SERHORY B A BT o287 rom v 010
def 6; at 34°C from day 6 to day 10; and at 32°C from day 10 to day 21 (iwo-step

temperature shift procedure of the present invention).

Experiments IV-A and V-A show the results of product titer, end cell viability
and viable end cell density assessed after a 14-day culture run with an initial »
(standard) production phase; Experiments 1V-B and V-B show these resulté
assessed after a 21-day culture run with an extended production phase; and
Experiments IV-C and V-C show the results assessed after a 28-day culture run

with a second extended production phase. Experiments IV and V were performed



m croscope. For analysis of netabolites, an additional
sanple aliquot was centrifuged for 20 m nutes at 2000
wopm4(s€oot o pell et the cells. The supernat ant PCWAS$2003/040991
anal yzed for protein titer,63sialic acid, glucose,
| actate, glutam ne, glutamate, pH pO2, pCO2,
ammoni a, and LDH, using techni ques and protocols
conventionally practiced in the art. W 2004/ 058800
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vi abi a e end of the“runs (end cell viability)
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“Bf pwhite aung of 2hdayvare désigoaied “€/C from day 0 to day
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Table 3
Experiment|Reactor| Temperature |End titer| End titer | End SA |End titer| End Viable
# scale shift (g/L) (%) |(NANA*)|*end SA| cell |end cell
® (Exp. IFA | (molar | (NANA) |viability|density
set to ratio) (%) |(x1 0°
100%) cells/mL)




(standard) production phase; Experinents |V-B and V-B

show these results assessed after a 21-day culture
woum4wisgdoo an ext ended producti on phase; and PCT/US2003/040991

Experiments IV-C and V-C sh@w the results assessed

after a 28-day culture run wth a second extended

production phase. Experinents IV and V were perforned
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(NANAB) * efid |Srseceld-end (caldo |(Eago |1 Adsml|ar2.8 57

(NANA) vijabilijty deaysity set to |ratio) (% (x106

100% cel|l s/ m|L 30 @064£24058800 RCT/ US2003/ 040991
days)

- two step T-shift -

1.7

*1 “NANA” (N-amino-N-neuraminic acid) refers to sialic acid (SA). “End NANA”
refers to the NANA of the product at the end of culture.

Table 4 presents the results of Experiments demonstrating the impact of

different temperature shift profiles on the production of CTLA4Ig by cells in culture

at the 50 L reactor scale.
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34°C (6—10 days);
32°C (10-14 days);
30°C (14-21 days)
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V-A 50 1.4 o1 - 54

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

37°C (0-6 days);

34°C (6—10 days);
32°C (10-21 days)
- two step T-shift -
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34°C (6—10 days);
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30°C (14-21 days)
- three step T-shift -

V-B 50 2.6 82 3.2

Product titer, end cell viability and viable end cell density
assessed after 28-day run with further extension of production
phase

37°C (0-6 days);
34°C (6—10 days);
and

32°C (10-28 days)
- two step T-shift -

IvV-C 50 2.8 47 1.1
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32°C (10-14 days);
30°C (1428 days)
- three step T-shift -
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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 3, Experiment [[I-B shows

that the use of the timed two-step temperature shift profile maintained a high cell
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ExerifiediolyB) ted&oﬁarBéaﬂiy decIBRGn (cbllViabilitgy Hurtremdthe use of a one-
step temperature shift (Table 3, Experiment 11-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 4 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 using the triple shift (Table 4,
Experiment V-C; also FIG. 2) can be seen compared to a double temperature
shift. In accordance with the present methods, the triple temperature shift further
extended cell viability and thus, protein production relative to no shift or one shift
methods. Due to a scale-up effect, which is usual in cell culture, the titer
generation at the 50 L reactor scale was found to be somewhat slower than at the
5 L scale. However, it is readily appreciated that such an effect does not detract
from the advantages of the two or more temperature shift culture runs as provided
by this invention.

As evidenced by the results presented in Example 3, for those runs in which
a temperature shift was performed on day 6, i.e., at the end of the logarithmic
growth phase, far better results in end titer and cell viability were obtained,
cdmpared with control runs in the absence of a temperature shift. As observed
from the results, the volumetric productivity was increased two-fold by the use of a
single temperature shift. A second temperature shift on day 10 yielded a higher

cell viability and further increased volumetric productivity (approximately 3-fold
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Table 5 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
the production of CTLA4lg, other soluble CTLA4 molecules, and soluble CTLA4
mutant molecules is thus a non-growth associated process in which protein
production begins on or about day 6, i.e., approximately at the start of the
stationary phase, following exponential cell growth. The data presented in Table 5

relate to the experiments conducted in Example 3.

Table 5

Example / T-Shift Cell Specific Protein Amount of Cell
Parameter Production Specific Protein

(Time) Production
[-A / No T-shift After 14 days 44.7 pg/cell/day
|-B / No T-shift After 21 days 64.1 pg/cell/day
1I-A / One T-shift After 14 days 55.5 pg/cell/day
11-B / One T-shift After 21 days 60.9 pg/cell/day
1I-A / Two T-shifts After 14 days 47.5 pg/cell/day
11I-B / Two T-shifts After 21 days 51.9 pg/cell/day
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The pH of the medium was adjusted to 7.0 with 1 N HCI.
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Table 7

Modified eRDF Medium
Component

Concentration

eRDF-I
(Invitrogen, Carlsbad, CA)

16.8 g/L

dextrose
(VWR-Mallenkrodt Baker)

30.94 g/L

L-glutamine
(Invitrogen)

4.1g/L

r-human insulin
(10 mg/mL)
(Invitrogen) -

1 ml/L

TC Yeastolate
(Becton Dickinson,
Franklin Lakes, NJ)

5g/L

D-galactose
(Ferro-Pfanstiehl,
Waukegan, IL)

125 g/L




EXAMPLE 5 Exanple 5A This Exanpl e provides materials

and reagents enployed in the processes of the present
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produce the exenplified LW4EA29YlIg as descri bed

herein in Exanples 5B-16. 1. Cell Culture Medium The

basal cell culture nediumused for all phases of cell

i nocul um generati on was nodi fi ed CD- CHO nedi um
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nmet hotrexate (Invitrogen, Carlsbad, CA), as
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including 5 Iiter (5L), 10 liter (10L) and 50 liter
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CD. .
2, Q#Qdﬁﬁgtbgrﬁﬁ%\{h Eqbr'gglgk@r 6, except without

nmet hot r ex of the medium was adjusted to
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prmmaestwas (mtlated omendaynafie thedndcutation. The remainder of the

formentafons WatthA Yohalidled iR b patdtt oy, sol ution)

Bioreactors of 5 L scale (glass reactor with one marine impeller), 10 L scale
(glass reactor 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)
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 control.

3. Feeding Strategy

At 24 hours post inoculation, a daily minimum of 1% of culture volume of
modified eRDF-| feed medium was added into the bioreactor if the glucose
concentration was > 3.0 g/L. In cases in which the glucose concentration was
below 3 g/L, the volume of the daily bolus feed was calculated to bring the glucose
concentration back up to 3.0 g/L. The daily feed amount was recorded on baich
sheets.

4. Sampling

Samples of cells were removed from the reactor on a daily basis. A sample
used for cell counting was stained with trypan blue (Sigma, St. Louis, MO). Cell

count and cell viability determination were performed via hemocytometry using a



(ICN, Costa Mesa, CA) Sodi um bi carbonate 2.22 g/L

(Mal | enkrodt Baker, Phillipsburg, NJ) In all Exanples
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process, a nodified feed nedium i.e., eRDF-1 nmedi um

(I'nvitrogen), containing glucose, glutamne, insulin

and TC Yeastol ate (Becton-Di cki nson, Franklin Lakes,

NJ) was enpl oyed, as shown in Table 7. The pH of the
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follpsng prearaetory liter( Hialie aﬁldongﬁgolﬁctai? agmtﬁnwnﬁaﬂ'é%amate pH,

oo DB SBFYBRCo e S oepbe L ctopiona

batke &eapleg wadifisnenest -20eC. descri bed above with one
nmodi fi cation: eRDF-1 was at a concentration of 25.2

g/L. 2. Production Phase in Bioreactor The production
bi oreactor was initially operated as a batch reactor,

Exdhidle 5B

This Example 5B describes the production of L104EA29YIg, shown as -1 to
357 or +1 to 357 in FIG. 4, (encoding DNA deposited with the ATCC as PTA-
2104), from cultured CHO cells.

This Example 5B also describes a process of this invention involving
addition of polyanionic compound, more specifically dextran sulfate, to a cell

culture.

CHO cells used for L104EA29YIg expression were expanded in modified
CD-CHO medium (Invitrogen, CA) containing glutamine, sodium bicarbonate,
insulin, and methotrexate using T-75 flasks and shake-flasks. T-flasks and shake-
flasks were incubated at 37°C and 6% CO.. After sufficient inoculum was
generated, the culture was transferred into 5 or 10L bioreactors using modified
CD-CHO medium as described above, except without methotrexate. Initial seeding

density was 200,000 viable cells/mL or 10° cells/mL.

The 5L and 10L vessels were glass reactors equipped with one and two
marine impellers respectively (Applikon, CA). 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 the same frit for DO control. CO; was sparged through same frit
for high side pH control. Low side pH control was realized via addition of 1 N '
NaOH or NaxCOs.

The culture in the bioreactor was given a daily bolus feed using modified

eRDF medium (Invitrogen, CA) with glucose, galactose, glutamine, insulin, and TC
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sulfate, at a time after innoculation.

5L and 10L bioreactors were inoculated with 0.2 x 10° cells/mL of
L104EA29Y-producing cells.

Experiments 6-a and 6-b were designed as foliows:

Example 6-a: dextran sulfate was not added to the cultures (‘control’ cultures: 4

~ cultures in 5L bioreactors, 4 cultures in 10L bioreactors).

Example 6-b: dextran sulfate was added to a concentration of 50 mg/L to the
cultures on day 6 (‘DS day 6’ cultures: 2 cultures in 5L bioreactors, 1 culture in 10L

bioreactor).
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Despite the beneficial effects of dextran sulfate described above, product
L104EA29YIg titer was similar with or without dextran sulfate addition (Table 8).

Table 8: impact of day 6 dextran sulfate addition on product L104EA29YIg titer on
day 14.
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Y This example shows the effect of adding dextran sulfate to a cell culture

respondi ng to

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.

The viability, viable cell density, and total cell density profile is presented in
Figure 8. Addition of dextran sulfate on day 6 of such a culture could prevent the
occurrence of a major decline in viable cell density up to day 17. Thus, when
dextran sulfate is added during the death phase, cell death can be arrested for

several days.

In this run, a titer of 1.9 g/L with a NANA molar ration of 6.6 was obtained



Figure 7 is a logarithmc representation of the viable

cell densities as a function of time for cultures
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process 4 1 Control process 6 6,306) Day 6 n sulfate
degthiplagse upon dexiran sulfate addition to the culture.

EXAMPLE 9

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 dexiran sulfate was delayed.

Two repeat 5L bioreactors were inoculated with 0.2 x 10° cells/mL of |
L104EA29Ylg-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 10. Neither culture achieved a higher cell density than cultures devoid
V of dextran sulfate (Compare Figures 6 and 10). The cells entered the death phase
on day 7 or 8, as opposed to day 11 when dexiran sulfate is added on day 6
(Compare Figures 6 and 10). The L104EA29Y]g titers obtained on day 14 of these
runs were 0.57 g/L (run #1) and 0.86 g/L (run #2), which are significantly less than

the titers obtained in the control process or in the process with day 6 dextran



Day 6 dextran sulfate 8 14 Day 6 dextran sulfate

EXAMPLE 7 This exanple shows the effect of adding
wdendsroasgosul fate to a cell culture that is inPCiAIS2003/040991

deat h phase. A 5L bioreactos of L104EA29YIg - producing

cells was inoculated at a density of 106 cells/ni,

and the death phase started on day 5. Dextran sulfate

gas added on day 6. The viability, viable cel

nsi t and total cell density profile is presented
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conmpari n f ect seen in this experl nment with

affsfct eell grcw@nmam advesse egrnarnpessibly begauss the cells are able to

respond by increasing growth factor production. Later during the growth phase,
production of growth factors ceases, and the cells start producing autocrine factors
of a different type, whose effect at a high concentration is to signal the end of the
growth phase and the onset of cell death. These factors accumulate from a low
concentration on day 0 to a high concentration at a later time. At that point, these
factors effectively signal the cells to stop growing and to enter the stationary and
the death phases. We propose that dexiran 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 7 and 8), even as late as on day 14 in
culture. Conversely, dextran sulfate added on day 0, that has bound to growth

factors, is still bound to these factors at the end of the growth phase, making it
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o RSB 5o AP LB ol Moty phece. &
tirR8 Pofts At 250 h, the viable cell density in the day 5 dextran sulfate addition
culture was always higher or equal (within measuring error) than in the day 4
dextran sulfate addition culture, and the viable cell density in the day 4 dextran
sulfate addition culture was always higher or equal (within measuring error) than in
“the day 3 dextran sulfate addition culture. Thus, it appears from this example that
the optimal time for dexiran 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 exiend the growth phase but will
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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 L104EA29Ylg
vdlumetric productivity after 12 days in culture. For culture times of 14 da;/s 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 shiit is implemented (on
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deg:'ﬂeeg%é/p °l éﬁly?é |ft case is the average of three
runs, and standard devi ations are shown w th bars.
Vi abI e cell density, vi abi lity, and titer are reported

'n Eﬁ?eucon en?sﬁ of1 a?ﬂ |ssued and granted patents, patent applications,
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



respectively. The results show the benefits of
applying at | east one tenperature shift. In the case
woher@ssdoe t enperature i s maintained at 37C t hPougiseess/040991
the run, the culture enter® 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 volunetric productivity after
12 days,in culture. For culture tines, of 14 d and
appaRgad claims; B dlemrelathas Cereinive ALl URR T hgIpaR!
inJeriiBR %éﬁfrrﬂ?{iff&a?io% ldhd VAHERBAE BF TR ProseAf fivBRtion are possible
tenperature culture rn terns of titer. In the case
in litieiraf tbelapovedeachipgs.at ure shift is inplemented (on WO
2004/ 058800 PCT/ US2003/ 040991 79 day 6, to 34C), a
steep decrease in viable cell density and viability is
observed after day 16. The culture where a second
tenperature shift (on day 10, to 32C) is inplenented
in addition to the first does not show as steep a
decline in viable cell density and viability after
day 16. At culture tines past 18 days, volunetric
productivity in the one T-shift culture is clearly
inferior to that in the two T-shifts culture. In
contrast, volunetric productivity in the culture with
one T-shift is superior to that in the two T-shifts
culture at culture tinmes between day 11 and day 15.
In conclusion, the first tenperature shift is
beneficial independently of the desired harvest tine,
whereas the benefit of the second tenperature shift
depends on the intended harvest tinme and the
viability requirenents for effective downstream
processi ng. The absence of a second tenperature shift
will allow to reach at higher product titer until day
20, but for cultures that are run for |longer than 20
days, the run with two tenperature shifts wll
outperformthe run with one tenperature shift in
terns of titer. In addition, it nust be considered
harvests past day 12 will contain higher anmount of
cell lysis products in the case of one T-shift than
in the case of two T-shifts, which can conplicate
downst ream processing. The steep decrease in viable
cell density observed after day 12 in the case of the
one T-shift profile can be a concern for product
gquality, as the corresponding cell death may rel ease
into the supernatant a significant | oad of sialidases
that can decrease product sialylation. The contents
of all issued and granted patents, patent
appl i cations,



publ i shed PCT and U.S. applications, articles, books,

references, reference and instruction nmanuals, and
wahedsroags as referenced or cited herein are heCemy2003/040991

i ncorporated by reference i their entireties to nore

fully describe the state of the art to which the

i nvention pertains. As various changes can be made in

the above-described subject natter w thout departing

fromthe scoEe and spirit of the present invention, it
WHAT; | E at all subject matter contained in the
above description, or defined in the WD 2004/ 058800

1.PCT/AJSEO(¢BHO¢IJ®®9100&$@®31WM clainms, be interpreted
as scr| |ve nd |I|l ustr of th

e e oty RASHealsSEb bR SGud o sl §F ERrest gt

present 'té‘rYu&DFétQFé af &r MReFBPLeUnddt ddnditforefaridyrab@ve period
t eachi ngs 2004/ 058800 PCT/ US2003/ 040991 81 WHAT

I S CLAI \vitmatl sfowl for ge @rowthuil t uri ng process conpri sing:

) VAR . S S LA g br ar 547, anc

con a’?t I Ofﬁﬁerﬂﬁdlturﬁﬁq thel ¢4TR €1 ihad tehripiraidiré aWof Aearc82iC.
gro b) then culturing the cells at a second

erature at or near 34C, and <c¢) then culturln% th?
2. ceI |T§\eateroae%a%ortqug@r%l@mé whefﬁlnﬁfé%rse@%re suitufrd at the

se%ﬁ?ur eg@@ﬁfaﬂé’tﬁﬂlrfggon erdg?%){ idi tltné‘ BuRGld, %marv(iherem the

e starting about day

cefis e daljurédct th@ﬂwmwtamperatwradstaﬁuegeamuﬁ day 6ctel day ¥4 of the
ui:ultured at the third tenperature starting about day 6
Hr‘%iay 14 of the <culture. 3. The process according to
claim?2, wherein the cells are cultured at the second

3.t enmfe%n%ss%éééﬂdnag ﬁb@luirm dayherdlh théeelis hid/e@turaticht the
wherein the cells are cultured at the third

secenp éemparaiute siattingiabes daydof e @ﬂtttrﬁ,earadwm@r@n the cells are

culifDa Mg kPl SR Mot S Chle R

of the second tenperature and the start of the third

4.1 enPieaprocess accditingrtoociaims 2aeteraln mlgelteoarel approgimately four day
further co

iNGrgManys hstw?@ @@nffq@ﬁqf e ﬁ%%ﬁ?r?qhtegre @S‘értsétﬁgrgj e gfart,pfdpe third
tersperatbAd.ting on or about

5. The process according to claim 2, further comprising, after step c), the step
of culturing the cells at a fourth temperature at or near 30°C starting on or about
two weeks from the start of the culture until the end of the culturing process.

6. The process according to claim 2, wherein the protein of interest is a

glycoprotein.

7. The process according to claim 2, wherein the protein of interest is a
soluble CTLA4 molecule.

8. The process according to claim 7, wherein the soluble CTLA4 molecule is a
CTLA4 fusion protein.



two weeks fromthe start of the culture until the end

of the culturing process. 6. The process according to
wohleissg&oowherein the protein of interest is aPCT/US2003/040991

gl ycoprotein. 7. The proces according to claim 2,

wherein the protein of interest is a soluble CITLAA

nol ecul e. 8. The process according to claim?7, wherein

the sol uble CTLA4 nolecule is a CTLAA fusi on protein.

WD 2004/ 058800 PCT/ US2003/ 040991
9.accokhf PEpoess acapiaing tawiaietn Wd“ﬁéeladhﬁ @P@%&EX%@@W protein
r is a CTLA4Alg. 10. The process according to
'S%I(ngrgnAglg'V\her ein the soluble CTLA4 fusion protein is
CTLA4l g conprising amno acids -1 to 357 or +1 to 357 _
1;as sHwpracesslaGeollind fo claime prbreeein the csohdﬁlm@'ﬁLd\dciU@iQﬂ protein

7 rein the sol uble CTLA4 ecul

s BLAH R CommraRs SElaacids -1 1o do8 i ede Sies shaihis e 5.
claim 11, wherein the _soI ubl e CTLA4 nutant nol ecul e

11.8 Lﬂ%ﬁ%%&%c@@iﬂ?ﬁ%ﬁig@lﬁhrﬁ"ﬂ WherbihdBie sbldtle EITAr mblecule is a

to 357 as shown 13. The process according
saluble |GTlAL muiketsplecutes cel | cul turing process is a
fed-batch process or a continuous process. 14. The

ro S._ac [ . i ,
ol reRREEeS HeC8cif Rl M i, WS Shnd $81e CT A mutant
m@leca%(?tsfl_ﬁ@ZﬂEWBQYlQ compisthg Amindlaeidp -0 te 857 ancdr i 367 as shown
_ to claim 14, wherein the protein is soluble CTLA4

infflGi dn protein is CTLA4I g conprising amino acids -1 to
357 or +1 to 357 as shown in FIG 3, or soluble CITLA4

1:%Tgt g@ﬁie W@%Qlﬁcéﬁﬁgﬁ?g\éhﬁ L NAYrE R tﬂg.c@mcnuﬁ%ngﬁ'p?éces% is a

ovvn in FIG
fedrlatels pracassratiancprtmuciuaiprodesaasher ei n t he tenperature
of the culture is shifted fromat or near 37C to at

1401 ¢ fepracsshatpotiif i olaih 2 SHpfuthBRstS ag Bytured at a4°C
frecilyds RYdayp 10ladidark culies € an3LYE frornpay a0wravatl. t he

culture is "shifted fromat or near 37C to at or near
34C when the culture is in the statjo

ar . 18.
15he PhepECOSEACSPHIIRG 1Q 6ladm “@erﬁlﬁéﬁéi%ﬁﬂ%mﬁvé (PTLA4
fulfont f1Btdh RBGEA41g comprising amino acids -1 to 357 or +1 to 357 as shown
in FIG. 3, or soluble CTLA4 mutant molecule L104EA29Y1g comprising amino

acids -1 to 357 or +1 to 357 as shown in FIG. 4.

16.  The process according to claim 1, wherein the temperature of the culture is
shifted from at or near 37°C to at or near 34°C when the cell concentration in the

culture is about 2-12 x 10° cells/mL.

17.  The process according to claim 1, wherein the temperature of the culture is
shifted from at or near 37°C to at or near 34°C when the culture is in the stationary

phase.

18.  The process according to claim 2, wherein sialylation of the produced

protein is enhanced during cell culturing.

19.  The process according to claim 2, wherein the cells are mammalian cells.



protein is enhanced during cell culturing. 19. The
process according to claim2, wherein the cells are
woroisssan cel | s. WD 2004/ 058800 PCT/ US2003/ 040891S23/040991
20. The process according t8 claim 19, wherein the
manmal i an cells are CHO cells. 21. The process
according to claim2, wherein protein production is
increased. 22. The process according to cl ai m 2,
wherein cell viability is increased. 23. Ac
20z ul tThe Prgcps® aeeerdy ¢laimd o, wheegin thg m?g“@ﬁbﬁe gellgare CHO
ceﬂ@' ch produce a soluble CTLA4 nol ecule at 37C under
conditions and for a tine period that allow for cell
growth; b) then culturing the cells at 34C starting
21on dde prookss hecondingiosclaiam@, whprdih @motein praductjon fiincreased.
cells at 32C starting on day 10 of the culture. 24. A

T I G TR R

addi ng pol yani oni c conpound to the cell culture at a

23 | M aéHl Bhilturinye@ekas tempriding: The process accor ding to
clai m 24, wherein the poI yani on| c compound

sel @t ed aultgring Iﬁli-I@rO@dp wdtiers peadusg solUBIEThA4 molecule at
iﬁlo];g: gi t% qm#@gtcg%g@b%n%ﬁ# i tﬁgcte g@ﬁggﬁﬁ%tsé"of\ﬂo‘? cell growth;

sul figt e, thyalcultemnsg the esllsydt\347¢ stattlrfgeéleblay 6 of the culture; and
kappa- carrageenan, and suram n. proc

acc&di nghew cyltieing the C‘%lﬁeﬁ*téaﬁctﬂéﬂm %H%ﬂp&f the culture.

compound is a polysulfated conpound. 27. The process

2200 OL Bbui ] Blomede cotfpasfign, the pol ysul fat ed

ound ran sultate.” 28. The process
acc CH)dI ngeultoring most @dl|s whichgiradute amrb’geum pb nnterest and

co und i added on.day 1 of cuI ter
o e dbing BOREBNT mbelhe ko Tastel thifr8iat b after
pol yani onpgo&ifgmsynd is added to bring the

concentration in the culture to 1-1000 ng/L. WO
2004/ 058800 PCT/ US2003/ 040991 84 30. The process

2qa . C’gﬁéjgﬁ%egg § dllﬁ&f’o ol WHEInRh 8Lty hridnit Bbfgetind is

selected from the group consisting of: dextran sulfate, heparin , heparan sulfate,
mannan sulfate, chondroitin sulfate, dermatan sulfate, keratan sulfate,

hyaluronate, poly(vinyl sulfate), kappa-carrageenan, and suramin.

26. The process according to claim 25, wherein the polyanionic compound is a

polysulfated compound.

27. The process according to claim 26, wherein the polysulfated compound is

dextran sulfate.

28. The process according to claim 24, wherein the polyanionic compound is

added on day 1 of the culture or later.

29.  The process according to claim 24, wherein the polyanionic compound is

added to bring the concentration in the culture to 1-1000 mg/L.



31. The process according to claim 24, wherein the

cells are mammalian cells. 32. The process according
woaomoasson 31, wherein the mammal i an cells are €EDUS2003/040991

cells. 33. The process accadding to claim 24, wherein

the protein of interest is a soluble CTLA4 nol ecul e.

34. The process according to claim 33, wherein the

sol uble CTLA4 nolecule is a CTLA4 fusion protein. 35.

The process according to claim 34, wherein the soluble

CTLAA fusion protein is a CTLAAlg. 36. The process

acc | n
307 ai 5y PioebPe AREy At ARE 24 uhpRif ie pldteimortioregtis 2
ghfoopéstéimr +1 to 357 as shomn in FIG 3. 37. The

process according to claim24, wherein the protein of

interest is a soluble CTLA4 nutant nol ecule. 38. The

pro !
ST AYErREEeRE AbBHdiy € G 24, WIBRYF e SR 8] eninalian ool

acids -1 to 357 or +1 to 357 as showmn in FIG 4. 39.
The ocess accordi rein the
32501 yHI% BAEESE BRI tosSladqwBerdit the e igfian cells are CHO
cellgnocul ation that is before the beginning of the

Initial death phase. WO 2004/ 058800 PCT/ US2003/ 040991

85 40. The process accordlng to claim 39 wherein the

310 nno !l [gli%:C%ﬁg ?1 d]n irg J@Scrﬂ?ﬁg gtﬁd\é/ﬂgfﬁqp tﬂiﬁgﬁ%@fﬁf mh erestis a

Soﬂjuem,zprm@ccor ding to claim40, wherein the
pol yani oni ¢ conpound is added during the second half

of the initial growh phase. 42. The process according

34.0 d‘?éoﬁ?o%éssgg {nedtlr?gfohagf?ﬁ’lf%? nBRLIA tﬁé’ Rl‘bﬂa'dC’Ti 4 molecule is

adde or-a en I niti a growt h ase.
a @3 AlHasiohqeresinaccording to clai m 24, wherein the

pol yani oni ¢ conpound is added at a tine after

i nnocul ation that is during the initial death phase.

d?%ﬁ%’%gg%gcmgﬂeﬁﬁmﬁ @4? hakreid Ine WBRILRS CTILRAG fusion

he process according
prbtemisaa@T4_4\4lgher ein the peak viable cell density
achi eved during the extended growth phase is higher
than the peak viable cell

36. The process according to claim 35, wherein the soluble CTLA4 fusion
protein is CTLA4lg comprising amino acids -1 to 357 or +1 to 357 as shown in
FIG. 3.

37. The process according to claim 24, wherein the protein of interest is a

soluble CTLA4 mutant molecule.

38. The process according to claim 37, wherein the soluble CTLA4 mutant
molecule is L104EA29YIg comprising amino acids -1 to 357 or +1 to 357 as shown
in FIG. 4.

39. The process according to claim 24 wherein the polyanionic compound is
added at a time after innoculation that is before the beginning of the initial death

phase.



density achieved during the initial growth phase. 46.

The process according to claim39, where the onset of
woOhersbsgtoh phase is delayed. 47. The process acTaisgiosg40991

to claim43, wherein the des&th phase is arrested. 48.

The process according to claim24, wherein cel

viability is increased. 49. A cell culturing process

conprising: a) culturing CHO cells which produce a

sol ubl e CTLA4 nol ecul e; and b) adding dextran sulfate

to the cell culture at a tinme after innocul ation.

4di°  PROREIRE Bt  Rifinbidiigs %?B@@@%'%&%wm s

ad{dd &52 GRR Qﬂ@ﬂﬂﬂaoc@ﬁnéﬂ thalthie dofing 856 irfigd Yréwtigphase.
claim 24, further conprising: c) culturing the host

cells at a tenperature at or near 37C under

4‘F°n€\2'ﬁé B dc?cz%%dac.fc%? ttb @Fal e‘{d Sﬂﬁrgf?\t {1@ adcﬁ)& |8ﬁ|c°c%lrrhpound is

r|ng

adm‘daduﬂthgltlm sécard nalfof &@Ghltahgrovﬁh ghaee. cul turing the
cells at a third tenperature at or near 32C. 52. The

process according to claima48, further conprising: c)

|t | t { i
Brc The oS e ARe g Ffma  IRACR Mo fnb Bmngund i
adided orlor apooithes; emt) otth initiahgravib pbidSecel | s at a

second tenperature at or near 34C starting about day
6 of the culture; e) culturing the CHO cells at a

4(§ hi rghé E%t%s%tédc%rcﬁhg % cRAr2B dhersintthbl Ryt @Apound is

O of t cul ture
added at a time after innoculation that is during the initial death phase.

44. The process according to claim 39, wherein the growth phase is extended.
45.  The process according to claim 44, wherein the peak viable cell density
achieved during the extended growth phase is higher than the peak viable cell

density achieved during the initial growth phase.

46. The process according to claim 39, where the onset of the death phase is

delayed.
47. The process according to claim 43, wherein the death phase is arrested.
48. The process according to claim 24, wherein cell viability is increased.
49. A cell culturing process comprising:
a) culturing CHO cells which produce a soluble CTLA4 molecule; and

b) adding dextran sulfate to the cell culiure at a time after innoculation.

50. The process according to claim 49, wherein the onset of the death phase is

delayed.
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51.

52.

86

The process according to claim 24, 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 hear 32°C.

The process according to claim 48, 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.



