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Lynphot oxi n- P Receptor | nmmunogl obulin Chinmeric Proteins and THel SEP 2006
Purification BACKGROUND The TNF famly consists of pairs of |igands and
their specific receptors referred to 5 as TNF famly ligands and TNF fam |y
receptors (Bazzoni and Beutler, 1996;i-Aggarwal and Nataraj an, 1996). The

ligands such as ATMEm«'aa?ornafmig@uvm éwegi@squ%pwxsfa@g\%gﬂgbr %ﬁ‘??ﬁi on cell

surfaces, or in sone cases they are selectively C cel |
surface and secr et edImmheogldbylmdhimerindProteins pralcihkir Puriicatipt or s and t he

bi ndi ng event serves to aggregat %K&R%oﬁﬁbe receptors. The intracellular

donmai ns of these receptors can in sense this change and
conmmuni cat e t hi STherTINGT family consistabOpdilsef tighndsanditheir spegifidIreceponiisfetied toon

mechanism T mJy is invQlved.in the requl afi of the immune system
and possl bI?%@fm;ﬁéﬁquﬁﬁ%ﬁﬂ%@%fﬂ’?w@ﬁpﬁ@%E?mrﬂé_rh‘gﬁﬂl laﬂgﬁb‘ﬁgﬂaéwa_éften at a
"master  swinddQtutarhigy,a096)UThe idaads shbirad BNF lave t?;iiélmg'fddﬂg aCREmbRALbJuniN @ | arge
nunber of subsequent events best typified by TNF. TNF can initiate the

general pr ofogms prvesll suffacarnPRingpipe ¢3¢y sy aisselegivelysleayagdrans thercel! susfees gn
| nvast on Whifflel:BKa! ¥RidhR vid e ERtielioRpiYs Al UREALACp(BRECY ©s. | nvol ved

in cell trafficking, chenokine productio rive specific cells into
speci fi c corgemasaawwe or mond rechpionsr hd imtraesillulan doroaiss af ftiese teoeptarebdnsin soige such,

the regyl atjon t . chinical tenti.al.. . The TNF receptor
famly :llé')s a%g%?eﬁgecctﬁsgﬁ&g? %r%ﬁ%@%ffg%?%‘ é'}fﬁllsr&tﬁﬂ%ﬁl?og@ﬁéerlgwf/s’g?)%si st of 20
an ext racel traisductido machapism. tThedanibnis imodved dartie negalado@or thoiniAnRlshsidnar

signal ing donmin. . The extracellular domaif is built from2-6 copies of a
Clohcly di SRy BRCAR AT R R TGS DioaGEHebER SOl ALt RS of t he

uni que ar r angGedNe RivelShc & TNF Bl P SibIRG caBABNEH airg@humbel 8Psbseqhdt
receptor binds to a correspondin i gand(s) al though one |igand nay share

several recepisbsst typified ad& cap fntfiafe geczgneral ipeatective inflammatoryrs of t he
receptons | ?e@ﬁﬁn@egoftﬂ%r%ﬁisﬁxrt@fb? L2 LRk &%ﬁ&%@gh&w&g}g 'o;ggéh%gior?om' n

exist naturalTy. In nature, truncated versions o ese eptors may have
di rect bi ol oglecuibs invejudddn eelltrafiadking, chamakinempédactidn to diive sperificedls ints pr ovi ded

A 3 e o O TR L
TRAI L to retepmisvayhbds clinica getentiadt eocl ast activation. By bl ocki ng these
receptors, nost The TNF receptor family is a collection of related proteins that generally consist of
20  an extracellular domain, a transmembrane domain and an intracellular signaling domain.
The extracellular domain Ts built from 2-6 copies of a tightly disulphide-bonded domain
and is recognized on the basis of the unique arrangement of cysteine residues (Banner et al,
1993). Each receptor binds to a corresponding ligand(s) although one ligand may share
several receptors. In some casés, it is clear that soluble forms of the receptors lacking the
25 transmembrane region and/or intracellular domain exist naturally. 1n nature, truncated
versions of these receptors may have direct biological regulatory roles. An example of this
process is provided by the osteoprotegerin system. Osteoprotegerin is a secreted TNF
family receptor that blocks signaling via the RANK-L (also calicd TRANCE) and/or |
TRAIL to receptors that trigger osteoclast activation. By blocking these receptors, most

30 likely RANK receptor, bone resorption is hindered and bone mass increases (Bucay et al,
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30 likely RANK receptor, bone resorpt hi ndered and bone nass

I ncreases (Bucay et al, | 1ILIIL T11 I IIIIIIIIIIIIIIUIC%gspI 1]
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SEP 2006 -2 1998). Clearly, viruses have used this tactic to inhibit TNF
activity in their host organisns (Smh et al, 1994). These receptors can
si gnal a nunb23g).oCleey; NirGscs ok wedd@isadtic to Mhibft ENELG ALy iR heirdRblorglfRih Or

cell survival,_ signa death signaling often is triggered via
relatively dh‘%‘& et Ial' 32%43:'?]5{“’(5?1&"‘:6%{%@&%5‘8?31 8 BUphes af gyens é‘&gé%ngi gllt he case of
the Fas and diferentiat@meeiesh od &l shiNivdi SERAL Ll RLR lsn%ﬂw folften | gﬁ%%rcﬁ Qia

el uci dat e biol ogi cal pathways-since they are easily co vertg
i munogl obul Felativekyidisect binks teitheasgane pf mespese pratagses ér thacasglof thewasand TNFrer i ¢
sol ubl e recepigliodkor m may be inhibitors of events nediated by either
natural secreted or surface bound |igands. By binding to these Iigands
t hese fusion pr ot BieiENA @ceptary amipowhbiull togiactlfcidambiald ghead pathwaysweintdunee! |

associ ated regce 1d i nhi bi t e.associ ated .signal, These receptor-lg

fusi on prot e?’%s&%ﬁ%éoﬁgg g W"Hmé{‘r?gk’gﬂlé? YRR PEFeISYTUGh haye, long serum halflivss. heen

successf ul | y Dismert solublei rebloy forihe ina@ & iAdititokNF e vanis Gndagite iRk ha 3861 O T 1 eat
rheupatoid arthritis and the acute clinical

i nfl ammat ory bowe] di sease, ol S C
syndrome ac8UH isﬁrz“cﬁ)?(?‘ﬂ‘dé’éﬁ‘?dﬁi By bigdiggto {hessligandstthese fusiongn@einte| dmann et
al ., 199%b Vafevdh tHUlgaRBéIn BlterAdting Wi LRI -ass-gaﬁcm&pl&% g:]&d 3R the GG iTRAY

events nedi at ed bi_ signalin through the TNF fam receptors may have
appl i cation S¥hdhese Eseniemnie fesion pratgins arapisefnkin @h exngtmentabsens].anddegvetdie Wi de

range of humgg dL&RaRAS ugéhaélinilgﬂ)e, f&%?@hﬁgb&gﬁ%—g@?%’énﬁed% Gaf O | MTILINE

system invol venment. For exanp a so a recently described
receptor, osinflammatasybovel distass, rhemmtat eniritisandihe adutd dimidabsmdminebone nmass

(Si monet et .19 Thus, the.event t | ed by TNE fam |y

receptor sighalih é%érgge%% adﬁ@&’ég%tﬁwﬁﬁﬁso"lcf %1 E%’ %“gérf’?ﬁﬁﬁﬁéslﬁg-f’ &M

regul ati as. Aullemeadétes, 1995) qmemaﬁrpmaqamonh@mknydvawﬁemhedb?gg@mag thus al so
o]

have clinical, appljcation. Such antibodies are often very ng-lrved and
may have ad%ﬂ"%‘dﬁ%ﬁ%&m’é’&? FRSPRIOTS dRay has apphicatipingdhe tspavment eEImMmINEh have
shorter hal f bhded @fsedsts dsRRII as the wide range of human diseases that have pathological sequelae

i on
I 1
[ 1

due to immune system involvement. For example, a soluble form of a recently described
receptor, osteoprotegerin, has been shown to block the loss of bone mass (Simmonet et al,

20 1997). Thus, the events controlied by TNF family receptor signaling are not necessarily
limited to immune system regulation. Antibodies to receptors can block ligand binding and
thus also have clinical application. Such antibodies are often very long-lived and may have
advantages over soluble receptor-Ig fusion proteins which have shorter half-lives in the
blood. |

25 While inhibition of the receptor- mediated pathway represents the most exploited
therapeutic application of these receptors, originally it was the activation of the TNF
receptors that showed clinical promisc (Aggarwal and Natarajan, 1996). Activation of the
TNF receptors can initiate cell death in the target cell and hence the application to tumors
was and still is attractive (Eggermont et al., 1996). The receptor can be activated cither by

30  administration of the ligand, i.c. the natural pathway or by administration of antibodies that
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bl ood. 25 While inhibition of the receptor- nedi ated pat hway represents the
nost exploited therapeutic application of these receptors, o8i8gSEPal200§ it
was the activation of the TNF receptors that showed clinical "prom se
(Aggarwal and Natarajan, 1996). Activation of the TNF receptors can
initiate cell death in the target cell and hence the application to tunors
was and still is attractive (Eggernont3-et al., 1996). The receptor can be

activated eldahefoshmm& rachptor) Bntibddicd aghbe adwandagmmr tHe u%atrﬁcﬂ%m&t ur al
pat hway or nistration of antibodies that 0 8 3 can

crosslink tH aF‘B@e Brs: Siaqe f*ﬁ&ﬂﬂ‘@é“cﬁﬁ%ﬂ Rsﬁl%waﬁblsg@mbngmnqdms anemirrent
of, for exaund Q\dsﬁﬂﬂé}?geﬁcraﬂy HQ@ sh&?lnﬁ%ahpﬁ%ﬁﬁo&fiﬂﬁ&ﬁ t%h(]flotodlepar Galll 00d

for long periods as opposed | i gands, which genera ave s
|i f espans i nWeaRaRIp Hlidrca%@f@hp%qan%mﬁm%mee@rsan@ besaprgbsed weapolncsweiy nh he

treat nents ofmﬁ@gco@qh hﬁggnfd@g@@t& me (ﬁﬁ rgmg; g,?ﬁﬁ&' ?rs'aﬁksel ectively in 5

tumors or they may o erenti S5t Peinor s, .
Li kew se, namwitivpbsmtmd@wadrmmcslwmdazitecb\ueﬂtg‘l\ﬁ’rfarnl‘ryffkicqﬁ@d el Bost he TNF

fanil A ti bod duct
cro. ana t narSeamaBudeRs ey BRRFLE HouPa terrlvs sarbivis PSRN s | n

ot her, non- ohnveba@ﬁaallcffep(plm &&éanncBagxaﬂQﬁplié&dndn‘ﬁ the inhibition of a
pat hway may al so Phave cI nical henefit 1nt 10 treatnment of tunors. For

exanpl e theFas i g"%?ﬂ&’“?“é Yetbp inddbition ¢fy Pathivay mavdsahayn glinieal benefitdpthessi on can
lead to idie eaahdnt of mmds. FRBELdpS th FATBARN;E @Jﬁ:resgéa"b? sBﬁg unfolsBb B t he

ability of the tunor to evade the i mmune system I S case, i"hhi bi tion’
of the Fas s$PreasPreatiiend to H@n’lc%ﬂlIOBWSWH%!UWMD@GWSttielnfacchtatmgdtc abilityt 6fe t unor

in other wa S n 1997 15 One
nenber of t%&g%ég%?%g%ﬁﬁwéﬁyﬁtgﬂl ?W%Lgfu{e glnﬁl%g'é) gng%gsps’tygfm& 3R) bi nds
to surface |thapiiowotke nnr(ltﬁﬁ)sysmmcdnreia@ tchepose th atheravays nowethataceedgl ex of

I hot oxi n s (Crowe et al, 1994). This
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receptor-li in the devel oprrent of the peripheral.

i Mune syst em andrdelfenitRgof tisiredepf f281¢thSlymphétbaAnbY T RiepthQEEER Aindl SP! een
in the mature i mmune system (Ware et a? 51112 Mackay e%pg&f(ﬂ Eg)ad;n

Rennert et alsuriasgdymphatoxisy €T which is copposed eﬁammqmcamplmof lyggRyoxin
:_}I/_Efg gog(r)\)c(i ' Pg‘é&al_a_hrﬁ g%?t:ﬁ%ﬁns (R Y, @@45 | il HadFost-1RRRF Slidls 08RG, BRJE between
devclopmcnt of t%c peripheral immune system and the regulation of events in the lymph
nodes and spleen in the mature immune system (Ware et al, 1995; Mackay et al, 1997;

20 Rennert et al, 1996; Rennert et al, 1997; Chaplin and Fu, 1998). A lymphotoxin-p
receptor- immunoglobulin fusion protein can be made between LTBR and IgG (LTPR-Ig)
that blocks signaling between the surface LT ligand and the receptor with consequences on
the functional state of follicular dendritic cells (Mackay and Browning 1998). This
blocking can furthermore lead to diminished autoimmune disease in rodent models

25 (Mackay et al, 1998, U.S.S.N. 08/505,606 filed July 21, 1995 and U.S.S.N. 60/029,060 .
filed October 26, 1996). A second member of this receptor family called HVEM for herpes
virus entry mediator binds to a ligand called Light (Mauri et al, 1998) as well as the

herteromeric LT ligand. The function of this receptor is currently unknown, but a HVEM-

Ig fusion protein may be useful for the treatment of immunological disease and this



t hat bl ocks signaling between the surface LT Iigand and the rﬁgeﬁpo i th
consequences on the functional state of follicular dendritic“Ce stl[lu ckay
and Browni ng 1998). This blocking can furthernore lead to di m ni shed

aut oi mmune di sease in rodent nodels 25 (Mackay et al, 1998, U.S.S. N

08/ 505,606 filed July 21, 1995 and U.S.S.N. 60/029,060 filed Cctober 26,
1996). A second nenber of this recepttor famly called HVEM for herpes

vi rus ent r yoratiiftdrs becpisheikn toaffect[in yikra dmmahd Bulctiongassay§ Whamrop, BA.. alal, 1998) as
wel | as thgg gg.erterorreri c LT ligand. The function of this receptor is
currently tm%own, but a HVEM |g fusion protein may be useful for the
treatment of i niDespitediy dinlcaloidsamasw! anthtichi of IRITIMFRARINPS dischsse@ivEUCt has
been shovvntktloe affect in tvitro igwne.f.unﬁjtéi onP:gssac}/s (HarroE. J.A, et al.
1998) . DespiTE RIS &nee font method pioblainipe fhig fssired visldsiof gecempr I fusions as

di scussed atieibes for i & chitdiRiiing? FOPSGbRY 1R LTRRIG:Ein Q! Al ik} N
desired yields of receptor Ig fusions 5 suitable r use th a clrnical
setting. F&ermsvdiepeepresserbin cithes monkeymostdisior imGhipessmainstet ovary dells.n®narhen

expressed i . ' | nese nsfer .ovary cells. One
f orm bi nds T3 ga{&\%qfﬁaﬁaﬁﬁéﬁﬁg??ﬁgwéc%g% gtggrh (h%n%tt ?refféeeé}“’ﬁo‘f‘?“ﬁ"ﬁier efore,
there is aferseuethddior produditgiugtieoyields otihe form Whicthbindywith High effinftpavifir m whi ch

binds with _high_ .affinit ! mnim zing the presence of the | ower
affinity f r%%TW%WéVe&p‘h?ﬁg° @E’&M’ﬁﬁﬁ The present invention relates to

met hodsiof or the expressi on FUMMARY OFITIE pivEleIoN or m of protein-1g

fusi ons havi ng 5{ h affjnity binding to its ligand, referred to herein as
the "active" fo h‘??‘ﬁfé‘ gentipn pRlates ip MgHoAs R dhete prepsionsaf dvghadelds afitheDNA

encodi NG t BEmPeYré8itl-1g fsfon® Ravidgrhigh AHARMIRARY & erature
thereby mnimzin thg angunt logpn%S' mls)ﬁ)ll dle%ﬁ)&?rnrﬁqé%??’%‘gégofyé%{neﬁsn formns.
The- i nvent it ‘aftivey farmeths fermh bifwiwring hosed transformed witte Dhiddencefingethpdessing hi gh

yields in ppaamkl [ ul turin ransf or med hosts at
a tenperature ofﬂ gg‘%@?&é@%ﬁ?g{l?ﬁéﬁs %%chﬁ?% Yewwﬁ’g TATRIURE  hosts wil |
be cul tidr ednisfoldad bemiskridged peteid foaho UTheAdventibRinaabhs ehfodindataediess) v, there

I's provided ell cultur reparati on obtained by culturing a 20
manmal i an ({%ﬁ?}f‘)%f P ﬁ?f%’"ﬂ%@g&?]ﬁs BNparRRliA; etpressien Ysempthycultyfingusi on protein

in a transformed hosts at a temperature of about 27°C to about 35°C. Preferably, mammalian

hosts will be cultured at a temperature of about 27° C to about 32°C.

Accordingly, there is provided a cell culture preparation obtained by culturing a
20 mammalian cell transformed with DNA encoding the receptor-Ig fusion protein in a
culture system having a temperature of about 27°C to about 35°C comprising biologically
active and inactive forms of receptor-immunoglobulin fusion protein (receptor-Ig fusion
.protein) comprising a member of the TNF family of receptors, wherein the percentage of
inactive receptor-Ig fusion protein is no more than 30% of the total receptor-Ig fusion
25  protein in said preparation. In particular, the cell culture preparation comprises
lymphotoxin-f3 receptor (LT-B-R).

In yet other embodiments the invention relates.to methods for the expression of
high yields of active fusion proteins by culturing transformed hosts in a yeast expression
system at low temperatures. When the desired proteins are expressed in yeast, the

30  preferred temperatures are from about IOOC. to about 25°C, more preférably from about 15°

C to about 20° C.



culture system having a tenperature of about 27C to about 35C conpri sing
biologically active and inactive forns of receptor-i mmunogl olaLU sqp E@i on
protein (receptor-lg fusion protein) conprising a nenber of the TNF Tam |y
of receptors, wherein the percentage of inactive receptor-lg fusion
protein is no nore than 30% of the totadja+eceptor-1g fusion 25 protein in
said preparation. In particular, the cell culture preparation conprises

| ynphot oxi n- (3 r edepargin metirds of e clajmed iayengiopdpe E"r?g'(b‘ﬁ ERUFIPR CAPRIISEHY ent i on
relates. to i f i L&l i f Usi on
protei ns by 2@%’?%??%{5‘9?@#2 i t;&?r%%ﬁ gg{hsgian]ylgb%%%t’%e%})g)fég?gﬁkg%%t em at

| ow t enper at utheisof. \Miematilhey, desilaimdd pethbds may encempags tiesspession ¢feadesired he 30
preferred tenPeratures.are from about 1QC to about 259% nor. e Bre&erabhy .
from about 15MUSieN PLPICIHI ARY SEPIEESIOn SR QY AETP AN U RN et REGE D the
claimed inseniysem, the protein-l1g fusion conprises a menmber of the TNF

receptor famly such as a | ynphotoxin-p receptor or a fragnent thereof.
Al ternatively, thdnethsr embpdifatntotls CHmehITVeFa SECAMRISEX feastiedresin-1g

desired [USIARioRl &aﬂrgoz}tmngfyaéttgﬁ]asﬁéa G Sl B ek QHIch SBRBERGGHECS . such

as an insect or bacteria I'n other enbodi nents, the cl ai ned

i nvention enconpasses the active protein-lg fusions that are obtained by

t he cl ai ned net hods, and pharmaceutical conpositions o e SEP 2006 -5
conprising them In yet other enbodi nents, the invention relates to nethods
of making pharmaceutical preparations conprising culturing a host
transfornmed with DNA encoding a desired protein-l1g fusion in a culture
system having a | ow tenperature of about 27C to about 35C, preferably
about 27C to about 32C, to express a high yield of active fusion 5
proteins, recovering the active protein fusions fromthe culture system
and conbining the active fusion proteins recovered-with a pharmaceutically
acceptable carrier. In preferred enbodinents, the protein-lg fusion
conprises a |lynmphotoxin-(3 or a fragnent thereof, or HVEM or a fragnent

t her eof .



In still other enbodiments, the clainmed invention relates to p euti cal
lo conpositions obtained using the nethods described. The clai SER I on
in different enbodiments relates to mammal i an expression systens, as well
as ot her expression systens, such as yeast, bacterial systens, or insect
systenms. In certain enbodi ments, thesnvention relates to nmethods for high

| evel s of 6 ' | e} ' |.n,yeast ul turing at
| ow t emper S PaaRERRITE T g6 pfel tBalnihles helh Aol Biale? Y R Bbanairablig o 10
to about 2(bamykceutical freparatinss clipesingchlbying afhios trmdfbradd GfithNPA 8S@HRB ai N
yeast, and dohar macteutli gal conﬁasi tions copprising these active fusions are
al so enconSELEPORIR Splondt 2 Bilire RySERA1AYE ey icperstus el aboRtFEC tor e
enconpassedpit33P@, dréferably usdth t i35é | i - l@ fusions
conprising 20 t.cul tuﬁrri ng 2 yeag?@ctgﬁﬁggn@g? %g%ésﬁp%ﬁ%%ﬁg %ﬁ&%’cﬁtﬁﬂmh desi r ed
fusion & cpProtins.reqpyeningthe wtive proleindnsibhs/frerb thetcull@Esyseenn bndicontfifing fHer e
preferably : ) ln the st preferred enbodi nents of
all the conagggellﬁlf%ﬁgmgcﬁrgarg%? rggdg&:%?p{‘] af:wgﬁfyia %,pt lﬁéamﬁf* eretened fusi on
conpri ses anbpdipientspthe prdtdin-Egfasdpd wmpddbﬂ/lymphotaxiﬁrp&gm%mM%&&fﬁor BRI EF
DESCRI PTI M THE WN‘SSﬁéS Figure 1: Schematic of the

receptor-i Mo Poblirement e i ¢ protein. The left panel shows a cartoon
of a typical |9 gl &ﬁ&lcmboaih@ntEQhéﬂ@ﬂﬁieasn@ﬁﬁonfruhéeqi_ﬂhﬁfﬂcﬂﬁ%&m the heavy
chain variable domains are colored in gray and the [i'ght chains are left

white. ithe sempatidonsohipined veing B msthadsddsentedi ¢ dr awi ng of the LTOR nol ecul e
including the i ‘ sk nd extracel |l ul ar. (1ight gray)
E@%ﬁé&qhﬁé%éng? dh’fcmql{ %ﬁ)o 1|m8ntaf:eiwsﬁ%ma§61a F““t’il?g"sﬂqf] 3R 1 g

domai ns. The right pan S a schema
fusi on pr otsystems,@s ScBEFtRG@BpressHn Eysms; sich E£9ese Pictsdal SEBRAETY igesthowi ng t he
| i kely def eg(gtcxjn_p the dead LT(3R-1g form although the actual m sfol ded or

m sbri dged 26 aci ds have not been identified. 5 Fi gure 3: SDS- PAGE

anal ysi s of humimcdrBRRnitgdinehe)the BNEhtidhirethtet (AALRERAR forMidheRNGESe F. Lanes
1 and 2_contain human LTPR-1g purified from CHO cell culture supernatant

grown al5 37expression.of aglivsifusion protging fnryeess, bsheubttanaayloyptemperatumes of alstuo¥@®® t he
3 ?irrgoé 22 gﬁ:c:: FH ddggﬁ't %‘;ﬁ%&o}crp?&ygﬁﬂtabMttI@é) NGt J0-L0 ALATR IS0 obtanmet 5)9 ked
this method of expression in yeast, and pharmaceutical compositions comprising these
active fusions are also encompassed. Methods of making pharmaceutical preparations are
encompassed within the invention comprising active protein-Ig fusions comprising
20 culturing a yeast cell tranformed with DNA encoding a desired fusion at a loQ temperature, |
preferably about 10°C to about 25°C, more preferably about 15°C to about 20°C. In the
most preferred embodiments of all the compositions and methods of the invention, the

protein-Ig fusion comprises a lymphotoxin-B receptor, HVEM, or a fragment thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

25  Figure 1: Schematic of the receptor-immunoglobulin chimeric protein. The left panel
shows a cartoon of a typical IgG molecule, the Fc domains are filled in black, the heavy
chain variable domains are colored in gr?iy and the light chains are left whitc;. The middle
panel contains a schematic drawing of the LTBR molecule including the intracellular (dark

gray) and extraceliular (light gray) domains. The right panel depicts a schematic drawing

30  of the LTPR-Ig fusion protein.



| is run under nonreducing conditions, |lanes 2 and 3 are run under reducing
conditions. io The protein bands are visualized by staining thﬁ egg)é %Ursh
Coonmassie Brilliant Blue. Figure 4: A nonreduced SDS pol yacrylam (fe gel
anal ysis of the protein flowing through an AGH affinity columm | anes and
the protein eluted with pH 3.5 phosphate buffer. The protein before
affinity purification is shown in the fane on the right side of the gel.
The 15 protein bands are visualized by staining the gel with Coomassie
Brilliant Blye. Figure. 5: Abiljt t.hernf L d el uted
(upper) fr acg‘. f%ﬁ%&’f 3#9{}???‘}\%! sﬁ’@lﬁem %‘1\1‘)&;% tp 5“‘645’? %ﬁ%&%ﬂg“%&r? gl lLtq‘gRs% f ?-glée

| ynphot oxi n. aﬁﬁ&@h fHeURIBSRRIERA bPinRBAdded anAto s Wevemot beeniidendfiéd om a FACS
anal ysis as described. Exanples of the FACS profiles are shown on 20 the
right where the LT(3R-1g is conpared to the binding of a control LFA-3-Ig

protein. érFi d%q%ﬁ%g'sgﬁ‘-gﬂ?ﬁdéggghs B GaneA O PR QAR i Qe iediBrent WRIRPNGatesi ng &

PORCS eth easl ng gradi ent of amonium sul fate. Peak 1
represents t e [lapyver and 2 doaRin hatah LTAR-Ip patificd frave CHAY gl cultuge supgmaelr m of

human LT(3R-1g. Fractions correspagndi ng 25 to peaks nd respectively
wer e pool ed egn@tvlaﬁéﬁ;?,@éﬂméﬁf%ClEA-af@'B%C%EﬁDWB‘éetmcé sﬁg‘éf ﬁ‘éaa"ﬁ%na ). The
l'ane | abeled ' 1 contal it REE AN & 1o REHh Ve a8 IN-fikkeBohgsdkccharidesian®  t he
"active" mat é’rrfpé‘fa%%;rr‘%ﬁ]&g%g‘&agt “6# t he SHI Cochromat ogram The, star t:u{gng

ul ar

material is Bisewmurdar bareduting conditiony, lages 2 amskd arg nemynderdpduging Lo

wei ght markers. O 8 ;I;P 2006 7 F ; I Eomaid B&iliamEIeophobi ¢
interacti &h chifdiytd &%@e)w%“ﬁ'l‘%cr%)%g{g#nzn tyegél%ﬁ‘u%n L‘lI'PR-Ilg using a

Phar maci a Source 15 PHE column. Protein A eluate containing human LTpR-1g
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sodi um phos phBigare 414 nongedyrrd ﬁ%@éﬁc’afﬁ“ﬁg? ﬁcéa% Shsr?ﬁfa’cﬂ%%taggqot%gu\}\rlgg washed
with 5 5 vol ugegsal atfirdy¥bihaRiane? Andiive posléiy BlupdosphaL 25 phéspHatdbuffed Bieut ed
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The m gration positions of the "live" and "dead" forns are indicated with

10 arrous. Fi gl S 8 A o terion oG R abh&) aftUllblopodd srltHER rded BEAGH!
affinity column to bind to surface lymphotoxin. Mean fluorescence intensity values were
derived from a FACS anaiysis as described. Examples of the FACS profiles are shown on

20  the right where the LTPR-Ig is compared to the binding of a control LFA-3-Ig protein.

Figure 6: Analytical HIC chromatography of human LTPR-Ig using a POROS ether
column and a decreasing gradient of ammonium sulfate. Peak 1 represents the lower, -
inactive form, peak 2 the larger, active form of human LTBR-Ig. Fractions corresponding

25 to peaks 1 and 2 respectively were pooled and analyzed'on a4 -20% SDS-PAGE gel
(inserted panel). The lane labeled “1” contains the “inactive” material from peak 1, lane 2
the “active” material from peak 2 of the HIC chromatogram. Th'; starting material is

shown in lane “L”. The lane labeled “M" contains molecular weight markers.



grown at different tenperatures. The CHO cell supernatants grown at the
indicated culture tenperatures containing human LTPR-1g were &&ISER 06 n
duplicate by nonreduci ng SDS- 15 PACGE el ectrophoresi s using 4-20% gradi ent
gels followed by western blotting. Figure 9: Effects of culture tenperature
on the percentage of dead material in the total anount of human LT(3R-Ig
secreted from manmalian cells. Duplicafe flasks containjn CHO cel |I's
secreting reBigntd h&rdpatativei I (hpirophebiginterastion WW‘%&”Q‘W&”&W@W%O
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LTpR-1g was ASagSISHR-1gNis adjibled 62t MNalyroaitaray tdncentratibrofclki MMaCo goaphhy.  The
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"inactive" meadiymh ghosphaty, pHsRangdogged apte dhn cofpana. e cAlamp & FabebiHB © of human
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gener at ed,at a?rggvs_vs 32 Cto surface 5 Light and/or LTc |13. A). Binding of

HVEM I g as a function concentration to 293 cells transfected with human
LI GHT showni ng that nmaterial generated at 32 C binds better than 37

material . B) gig\‘p.ieggf]%o '@@%ﬁﬁ@{%&é &éhamn@mggwmwmm cklisndi ng
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111 ze

chi ps i nmo g generated at three different tenperatures. Each
curve shows a binding event at one concentration of |igand and the

Figure 9: Effects of culture temperature on the percentage of dead material in the total
amount of human LTPR-Ig secreted from mammalian cells. Duplicate flasks containing
CHO cells secreting recombinant human LTBR-Ig were cultured at the indicated
20  temperatures and the secreted human LTPBR-Ig was purified by Protein A affinity
chromatography. The pérccn.tage of thc “inactive” form of human LTPR-Ig was assesses in
duplicate using analytical HIC chromatography. The X-axis represents the cultu.rc
temperature, the Y-axis shows the amount of “inactive” material expressed as a percentage )
of the total amount of human LTBR-Ig secreted by' the cells.
25 | .
Figure 10. Nonreducing SDS-PAGE analysis of HVEM:-Ig prepared at 28, 32 and 37°C:
Protein A purified preparations of HVEM-Ig derived from cells cultured at 28, 32, and
37°C were mixed with nonreducing SDS-PAGE sample buffer and electrophoresed on

precast 4-20% SDS-PAGE gels. The protein bands were visualized with coomassie blue.
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15 foll ow ng concentrati ons were enployed: 30, 15, 7.5, 3.75, 1.87, 0.93,
0.47, 0.23, 0.11 and 0.0 ug/m . Each chip was |oaded to the sgmgs Bijm/el
indicating that equal anounts of "receptor-1g; were bound. DETAILED

DESCRI PTI ON Reference will now be nmade in detail to the clainmed invention.
This invention 20 concerns the ability to produce high |levels of functional
or active forns of immunoglobulin fusi®n proteins of receptors in the TNF
fam ly. .The SHEGARS mafkedMitiahatrow ?&p@d’svx&mhﬁdgmgaMdtthEMdgeﬂ)‘hohi—ghg rfajicolan
proteins requires a long term presence apility to treat chronically
or a m ni mum ‘dﬂgi‘trbgn%‘%@%@“ W&F’e@""?pﬁé&q ﬁggreéﬁt‘édptjé{?‘é&i ons of such fusion
proteins for human use will not have any aggregated, inactive or m sfol ded
forms as their presence will 25 reduce the potency of the drug and the

al tered strucFignesllsdiAGS edalysistof mqtbmﬂmwf ﬁ&&@craleﬁat 3Ty 3%"2% 19 suffagee

cl earing of the, dr er . receptor
ant i bodi es’ cahel z?“é&’f w‘”gr gﬁlﬁ @E&g gggégglg%{%nr%gén&tg X[ggnctgé 2"3‘? faces

thereby acti yadsfed@d i@ Ruman QIGHg@tmv&tingaharMatdegeesrasdua!fﬁm binHoktteddsxr i bed
in Browning et_al 1996

JEM Agaqni i es th tem and
thus further PeEBISHAY HgAR PRI t‘geséréés 3‘6‘ ?ég’gdgﬁggﬁfﬁe %G?n %{/én
detriment ]9' @a/ncéx]g&mumgi ag ltdSILFHﬂ @ﬂxs&fe@ﬂe?h&rl]ls V). rAffemhdre:lcmmtcﬁftﬁe SEPf
2006 -9 fusion of any functiona of the, cxtra in of a
pol ypept i de wimproyagybinging f 33 Gﬁ“"'ftaf?g ﬁmﬁém}mfﬁa‘ﬁﬂf l?fgﬁéh& C?QB%
the CH 1, (H2 IGm%Blsmech hbBeiheaf (LTERgEpRR! ¥ the
pol ypepti d‘ng 3 Ew%%lg?ﬂg#s%ﬁ% TNF famly g’?ﬁ) recegﬁ)(r 'sr%isle'he pggrtl ons of
the Ig nolecule may derive fromany of the various 5 inmunogl obulin
i sotypes, includin exa TINF
famly of recé’iJ gn \ﬁgé%f’%g}? iy °r{9h°rbé%%'b%gg%imé\/fh%§t b%nogilfﬁ' Yoxmrrgnbr ane
bound or secr i‘@ﬂlg(aﬁés th /B LA B6re CRIpEinRhoWIB1cd BIVEM g gankmajed amﬂhr&ldlfh:aa\tt he

canoni cal TNF fam 'y cysteine brid patterns or i ch
bi nds. to a dd¢mppsaiuieenbich cwefwswgmmd%sﬁﬁvw apgne CP?C(j&‘H%’Q gF 5"“8 ‘m'ér et
al, 1993)., Th%oﬁ+v§&hg€ cbmaﬁaﬁs'\@é?cérﬂpleyéaersoqrsbmshmu87r<ﬁ93aoas 0.3, 01 TNE
fam |y receptor usi ons obt ai ned t he' net hods. di scussed her ei n,

well as to pHad uﬂu@u&@aﬂpﬁ@b@ﬂ%ﬁ@&@%ﬁ&k&q H@‘CPWMW@‘Q%‘I%??& e| nis

expressed in. reccptor_qgwgmbraum)nkey cos cells or. Chinese hanster

DETAILED DESCRIPTION
Reference will now be made in detail to the claimed invention. This invention
20  concerns the ability to produce high levels of functional or active forms of immunoglobulin
fusion proteins of receptors in the TNF family. The success of clinical interventions with
receptor-Ig fuison proteins requires a long term presence and the ability to treat chronically
or a minimum during disease flares. Idecally, preparations of such fusion proteins for
human use will not have any aggregated, inactive or misfolded forms as their presence will
25 reduce the potency of the drug and the altered structures could elicit antibody responses
that may facilitate clearing of the drug thereby reducing its potency. Moreover, anti-
receptor antibodies can directly cross link natural receptor on the cell surfaces thereby
activating them, i.e. agonistic antibodies such as those described in Browning et al 1996,
JEM. Agonistic antibodies activate the system and thus further receptor-Ig treatments may

30  be less effective or even detrimental. By "immunoglobulin fusion proteins” we refer to any
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, ovary cells. One formbinds ligand with high affinity, the "active" form
whereas the other, the "inactive" formdoes not. This m xture Rf Ei y(ﬁs and
dead forns has not been described 15 previously for any of th% 'Islﬁ
receptor-1g: fusion proteins, however, the nature of the inactive formis
not clear. The two forns were di scovered by the presence of two bands in

an SDS- PAGE anal ysis. The expressed material contains consi.derapl e
gl ycosyl at i ofPsigref é?’bfg‘é‘ﬁE’Pﬁf?mﬁbﬁ/\%{\}@r",""fufﬁ“ghh&“éﬁ"b eﬁB?WH‘Pg%W“ BRel y does

not result i BokidR of HE Ghh@balobulR RIS 4. BRCHE CH2 STUHFdoMERs®r When
the receptor is expressed as a sol uble 20 npnoneric form| acking the
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gl ycosyl at ed s can be i munoprecipita an anti body t hat
recogni zes omnundglotatin satrbest ioelnding, Korrexample, IsBhdsG2 AgMi 1aA garBY VI¥F f or ms

have simlar glyc | ati o ' | X ate that
t he expressi 5%“%?1‘%Xcﬁ@ﬁfsng’ﬁg{?%hgE@%%%@rogéﬂfg@ # rgaru%#alﬁg%égbetﬁﬁc tZoglrﬁrg&faberrant

di sul fide |i rkir@ted (26 fithé tasgofi astebpragegerin viathchas rhe ssddnitil TIYF fAntlywgseing he t wo
arnms of the receptor-Ilg diner. The TNE famly_of receptors erally 3-4
repeat ed dorréﬁ“ﬂ%‘gg Ha"("ﬁ\g OB FEERIT ‘O'}“éﬁl’\lgmfl?' 8&%‘1{5‘?%%? 8&}? i—l‘g’%r}W"ﬁ%°gbout 3
di sul fide brijgaes @erpadiei 0, 19b3). iThe cloimeeiivabhlich ihbtler ehbrtRéRaRlatelte

folding would 1 ead to either an incorrect pattern of disu] phide bonds or
the 30 | al¥k SFNEmilyresenrerlsdisians optaised e Meiiopcrisqupsed hereinatserpll as to

schemati cal | yphmﬁafc&ﬂiﬂﬁliaé tianIg CBHEﬁS%g&hég_P 2006 -10 case of a receptor-Ilg

fusion protei'n, 1t app s that the early folding of the Fc domain enabl es
its subsequent di IEFBRAgprotmin inkxprésséstintye farme in menkeT B8R celigen{shinese kamstdne t wo

receptor arns, into close proximty...lf. the recepntor domains have not yet
conpl et ed the‘?vrarycf’)gﬁ'é’}‘?g?"ﬁ%%hﬁﬁ%‘%/ ith high ﬁ@n%t cgtaftﬁ'lc B YIRS B dr y1 s
to pair betwagg ihit@verfoEn ddes fot. Thismiigaas oNiive arligiead forrbs!Bas rionbeeh desetibddol di ng
may occur, or disulfide scranbling ma sult  between free sulfhydryls

. e .
j uxt aposetp nepeevipuslyfor ayqfthe ENﬁéﬁFcﬁPgé fL?'ﬂ%PrPF’H}Ealﬁ’é‘écv?fnthﬁt?)‘?‘ﬁ‘c@ég@s | eadi ng

to fol ding erfhSe fdrh id ot Ble&O TROBW fOIs WéiB ListdVeRH b e prélbie ROtvASHASInW t hi n
one armi.e. intra-armfolding errors, although such errors may not result

in a radi cal |3 SPS-PAGEnnalysitaFée expressediaterial pentatppongiderable gycespplionc ase,
?g;{/\éﬁ t ?gga: n@eﬁ%{y%gei%{x%cdg{?@ﬁisrhgcréﬁgnerit?%si Mcfﬁﬁ% ¥RRLsEI: i Be HRkAhal
problems described here. For example, when the receptor is expressed as a soluble
20  monomeric form lacking the transmembrane domain and the immunoglobulin Fc region,
non-, mono- and di-N-linked glycosylated forms are observed. Both single and double
glycosylated forms can be immunoprecipitated by BDAS, an antibody that recognizes only
functional forms. Moreover, the affinity-purified forms have similar glycosylation
heterogeneity. More likely, we speculate that the expression of 2 non-membrane anchored
25  form leads to some aberrant disulfide linking resulting in inappropriate crosslinking
between the two arms of the receptor-Ig dimer.
The TNF family of receptors generally 3-4 repeated domains in the extracellular
ligand binding portion with about 3 disulfide bridges per domain. It is conceivable that

inapproapriate folding would lead to either an incorrect pattern of disulphide bonds or the

30 lack of some formation of disulphide bonds (illustrated schematically in figurc 2). In the



. Lastly, in the TNFR55 receptor, the fourth domain, i.e. the domain closest
to the transnmenbrane region has been denonstrated to be criti de8 SEBr2006
| i gand bi ndi ng when the -receptor was expressed as an |Ig fusion protein
(Marsters et al, 1992). This donmain may be critical for many of TNF
receptors. Another study on TNFR55 showed that it was critical 15 only in
the context of the Ig fusion protein, “Whd that the penbrane form | acki ng

the fourth OBR8THrefeRtorrlgifpsionRipieipalt pRPER it Mg ca\Efoldiggefdhy KsgloaBinan et al |

1994), Howev@habledRs SubséqReRMitYrizafiby Whigh b@gg{sm% LB HRES, iRwewipi nted to
possi ble critical functions associated wth the fourth domain (Naismth et

al , 1996). THesepterammp iplegtase proximipy. df thy eceptersiomaing bave npsysisemplsipéthciss yet
| acks direct | . ' . .1Ls 20
bossible ¢ hafolpafiningh ieing BeieldsORP ed EMMTL® pll ettt aphd k2 O,
dormai ns Wi clintéramn bridgirtg. tSech neotndcnfpddingwiayGhd2uCoRdibud fidkosteambdingumay thsuiot

appreciably alter the opal . shape, of the ecu hence. npy, be
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woul d exhi bi teadinp & folding érghas) it BialsdipogiblRaaapdorrest O @R Wihin InslQRBIeNs
coul d behave.in a s{%lgi |'ar fashi on. 25 Reducing the the tenperature during
cel | cul t ur e BEaammdlging srrorsqaithopgh sych crrqra@may et rpgpl in pradicallydiffersntshansr f or m

(i.e. the inagineYifalfhe188uld) gh fitls &BE 84vRUnd iHAkvel BREINE HRDbe lefdilyREBRHIRD! Y
due to a reduced folding rate of the pol ypeptide which would allow for nore
time to f¥ dusRecenyantignal siaingioadPdss of the LTF3R portion prior to

assenbl i ng the T eeaflh teorits @ORE Wbl BoRuih/1E HERERLE Dot Blne! OF M
The absolute tenperature required to slow own the roldi ng process is
host dependertansniembranemegidn bas beal demofistragd b yriticahfer ligant binding wheiSihP 2006

-11 nmethod preferably occurs at,t erat ur f _ab 27C .o, about 35C,

nor e preferatff“i??to”fv?%c & gfﬁﬁ}gﬁ? n%fﬂ%ﬁ‘t(ﬁ%%rf&ag'g%aéﬂ S daspaly paype

met hods al so cigitnl bt mtdg df TNFy&apibrs. CAHctHer Qudy st ENBRS5YewEd Gt it wistrinegds to

be grown at te eraturesé{gf egtb ut 10C to about. 25C, preferably from about
th sgvf

15C to abbut My fhs cqptpxt 197 R 396 et the mesnbran form lagking the fougth o

clai med i nvendomaih vidslf@IWEactiintdi@CINF Reaell (Cor@ra6itall VI®9H! Aisdeed, foref USI ONS.
It may be desirable, in sonme circunstances, to allow cell growth at higher
t enper at ur es, 4y, sl maphignalyses heve Roingsapossiits critical fupctians asprcisady a very

low | evel  of y@xRE ﬁ)f%ﬁh Q6mah (NBSmith 6N d 988 MEndNolilth 8GR is régtti\facfy doR&rlgsi r ed

growt h period; the fusions
between species yet lacks direct contacts with the ligand (Banner et al, 1993). lItis

20  possible that interarm bridging in this region between the two fourth domains which lie
next to the hinge and CH2+CH3 Fc domains would not appreciably alter the global shape
of the molecule and hence may be invisible in sizeQbascci separation methods.

Nonetheless, this molecule would exhibit impaired ligand binding. Receptors having only
3 domains could behave in a similar fashion.

25 Reducing the the temperature during cell culture resulted in significantly less of the
misfolded smaller form (i.c. the inactive form) being secreted. This improvement is
presumably due to a reduced folding rate of the polypeptide wﬁiéh would allow for more
time to fold the individual domains of the LTBR portion prior to assembling the receptor-ig
fusion protein into the expected dimer form. The absolute temperature required to slow

30 down the folding process is host dependent. For mammalian cells (i.e. CHO), the claimed
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can be expressed at the |l ow tenperatures, to produce an increased yield of
active fusions. 10 The |ow tenperatures in manmal i an systens, % §Epuggsed
above, are preferably about 27 C to about 35C, nore preferably about 27C
to about 32C. Thus, the clained nethods, by |lowering the tenperature at
which the protein-la fusions are expressed, allow one skilled in the art
to regul ate the folding of both the pr¥fein 15 and the Ig portions of the
desi red pr ot @ethod Mrablnn@quwt temprraEres RS 2b9uaP IEHo RRuhdH G meTeLRItTPrgDINS f i ni ty
and/or the c entl oqr t \fy the
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active fract 0 use roterns
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t he cl ai ned net hods having | ow tenperature (i.e. 5 32C for CHO and :5 25
for 20 yeast $5°€ebptefasahly fIP@ 2pewdP G wrrbout 20°C bo achigveugnifiganibenefitpr epar e
culture s pernat hi rm of
uran PR g, NopaRyfon of e SAllch infERbE s ot ot KEREL aclfe AL T P)
of recept orsﬂ&w‘nfs eh niaydadsiinblepin sphobiramstanéessto alawndllerowed asidghert wo si mi | ar

bands on non-reduci ng_SDS PAGE for _the TNFR3S S0, ca |l ed the p35 or

P60 TNFR). SEGRACEAYrSS: frieXarpple ey, 38Esc &ﬂabah“*sh%rd%ﬁ*ﬁw?* iRl ija?’%i‘ﬁ% lﬁ? cal | ed
HVEM are 25 i plpna6tn BY the @foh&d gcaawm odcﬁ%&f{&ﬁ%ﬁ@ﬁ%ﬁ%h pek{diSthé RGRRE OF  MRY
form an exanpl e of an intra-armfolding error as there are no obvious size

di ff erences «can barxprestedrat thiedowrigmperaturash® Prdyes uiacreaservield of actiye fusions.
Nonet el &gs, THERR! MhBSRuals il RE-TRRAFRIRM. &R-ALA! MR, MR LhodR, Moy 9
results in a hrgher pércenta over ed’ Secretion tenp Al Ures nore
active fusi oT toRb&IS5TS, mﬁepfe&pﬁnﬁﬂoﬁns of the se and ot her nenber of the
TNF famly. 30 01 SEP 2006 -12 Exanples Exanple 1. mAb that specifically
recogni ze t h@7T¢ terbpulr3A°6f human LT(3R-1g The LT3R-1g protein (Figure 1)
when secreted fro g;l—g% pid can
be purified._ usi nglﬂsﬁa g pr o %§§é§ %H%L[?&}%aq(@mcé%eap@%ggﬁl c

met hods. The fpuwnsfareeeipmsgﬂean’mma skitiedsinahe drtwo regubaseethey fobjimpafdothahjsotain

3%;1;188 kDa B\ﬁgnor%ggo cngesmlgspr&glrnyl am de gel (Figure 3). The two bands

Additionally, using the claimed method including affinity and/or the conventional
chromatography technigues, one can now purify the active fractions s'ufﬁcicntly to use the
chimeric proteins to block immunological function in various clinical settings. In addition,
using the claimed methods having low temperature (i.e. < 32°C for CHO and < 25° for

20  yeast) cell culture conditions, it is now possible to prepare culture s:xpcmatant that is highly
enriched in the larger, active form of human LTBR-Ig. Moreover, it is possible that other
members of this family of receptors suffer from similar problems. For example, we see
two similar bands on non-reducing SDS PAGE for the TNFR55-Ig (also called the p55 or
p60 TNFR). Similarly, the properties of another TNF family receptor called HVEM are

25  improved by secretion at lower temperatures. This receptor may form an example of an
intra-arm folding error as therc are no obvious size differences in the materials made at the
various temperatures. Nonetheless, regardless of the mechanism, the claimed methods
having results in a higher percentage of lowered secretion tcmpératurcs more active fusion
proteins in preparations of the s¢ and other member of the TNF family.

30



. about 5 kDa in apparent size. \Wien the protein is reduced, essentially two
bands at about 50 kDa are resolved resulting from heterogeneoQ$ SEP 2006
gl ycosylation (Figure 3). The -two bands observed under nonreducing
condi tions, however, do not result directly fromthe to glycosylation
differences that give rise to the pair of reduced bands. Using a panel of
nonocl onal anti bodies to the human LT(.3R we showed that antibodies from
group I, i.e. AGH 1 and BDAB recogni zgxmﬁlxsthe | arge MW form of the
receptor (Table -1; all data except the selectivity for the upper and
| oner bands \Exsntpdk BrmAb timt Bpesifivaliygresognite the Yiechorm ofhuinbodiTER-fg om t hi s

group bind direct e li i NQJ I } he 15
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mxture of | apgR BORDIBR ainohedutig @D d2eyiddits Bl (Figure B Thé W) bats digerpyof t he
receptor flows through and the |arger formsticks to the colum 20 matri x.
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cells stably transfected with th LTRR-| onstruct wer assed over a
protein A col 4R 1128d BOsEfeeoeniReo @Fé‘i’ﬁ?”‘%ﬁ?@“ %F%t’@l‘?f%\é@&éﬁl@eﬁt% th 25

mM sodi um phpé&gakﬁe RULAALy 8 thOipper £hdA6WlertbBfisRi0 taRbd rork BREWALIRE &G f108GL | Ons
were neutralized with 1/ 15 volunme of 0.5 M sodium phosphate, pH 8.6.
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i mmunogl obul i AP ar ose. were trea
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gels. Gels Ig, the smaller form of the receptor flows through and the larger form sticks to the column

20  matrix. Low pH elution yields a pure preparation of the large form (Figure 4). The two
fractions were assayed for their ability to bind to the surface phorbol ester activated I-23 T
cell hybridoma cells, i.e. cells expressing surface lymphotoxin complex (as described in
Browning et al, 1995), and only the fraction that bound to the mAb was able to bind to
surface lymphotoxin. The flow through fraction, i.e. the lower MW band was completely

25  inactive (Figure 5). Specifically, supernatants from CHO cells stably transfected with the
LTBR-Ig construct were passed over a protein A column to isolate the protein. Pure
protein was eluted with 25 mM sodium phosphate buffer at pH 2.8 and the protein
containing fractions were ncutralized with 1/10 volume of 0.5 M sodium phosphate, pH

8.6. I.mmunoprécipitations were carried out in a volume of 0.25 ml with 3 ug of LTBR-Ig

30  and 4 ug of anti-LTBR mAb followed by capture of the mAb with Kappal.ock sepharose
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5 were run and transferred onto Hybond and western blotted with anti-human
| gG Fc fragment conjugated to horse radi sh peroxidase (LTtR mAb¥tSEP 2008d
by anti-nmouse 1gG HRP and chem | um nescence detection of HRP (Amersham.

To exploit the ability of AGHLt hat exclusively recognizes the active form
of LTRR1g, an ACHL affinity colum_pas prepared using CNBr-activated

sephar ose T&Qadg G, ri@c\(%-grgzc Ag‘il?fﬁ@k ¥haif\d wggﬁg\feﬁ'hﬂgéﬁs@% A udfah BE €T S

prot ocol . e colum ensively was the protein A
purified LTORnhig. Whsbapgpwéretmavdd bheenfrifugation inddbgsupcmhiancwasgleaitiof col um

was washed w th .PBS and n eluted. w 2 di u hpsph 2.
Fractions cSHAPAMAS H@’“‘é‘]oﬁgﬁﬁmm%lrt%pﬁ%%%%{' g?f/ﬂr}]%g AT 78 °°g‘é’ma§‘égfﬁ§§d
above. Pr ot earfiple bofte g Raucingagevity sndaisd teiffer wasdodagd aixse SOSAPAGE @tls.286s nm
assuming that a 1 15 0D so|utign equals 1 m ., The f|owthrough and

el uti on PoolsTCHA _ﬁ?’ﬁfj"ﬁ‘lr?-’l-*\‘-’ ﬁém ‘éwF%%‘PNB(?“FQJW“EFWH}‘WB“b@?%E\CS anal ysi s
as descri begrapReR\WBhjigat 0 Rbrse PP peroXibRe [ILTPR mADB fQeSRd bl Akd-indBse3gEWed Nno
FACS st ai ni rll_&to cel'l s expressing surface LT whereas the elution pool

retai ned fulHRbindgherilumingseancy detoqioreEHRP éAmersi@snyent i onal chr omat ogr aphi ¢
ti foli : g : : - 16k tial
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smal | er for rgxtendibds &aghee Ptk RBE afdthe protdih R puAfial LTRRR: vaippld ahothefiows ane
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to achi eve result. The protein mxture is diluted with amonium
sul fate, | ozbeve. dhoeingsondemrationcwere deteramerdibhi@bsoshages a4 A80 smasumingripsadnt s are
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the large a
elution pool retained full binding activity.

20 Example 2. Conventional chromatographic separation of live and dead components of
human LTBR-Ig.

Potential structural differences between the large and small MW components
identified above are exploited in the design of separation methods using conventional
chromatography steps. As an example, the protein can be sized by gel filtration in PBS to

25  obtain partial separation of the larger and smaller forms. These preparations can then again
be applied to the same column to obtain preparations of the larger and smaller forms of
human LTBR-Ig that are greater than 90% enriched in the respective componénts.
Alternatively, hydrophobic interaction chromatography (HIC) can be employed to achieve
the same result. The protein mixture is diluted with ammonium sulfate, loaded on the HIC

30 column and the large and small components are differentially eluted with a decreasing salt



human LTRR-1g but |eave nuch to be desired for the preparation of large
anounts of these 5 conponents for pharnmaceutical use. Appli CantEFB Repe20s
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the | arge conponent is retained and cln be selectively eluted (Figure 6).
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anmoni umes ul dhdniogrbRy doTBRO\Pe&ngﬁgﬁEdiﬁxa&hﬂ RAd YRESmPLtitdsedd, tv@u@ﬂ grgpcentration
of 0.1 ng/mM_and brought to a nal, buffer conposition of 1.5 M anmoni um
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The colum was washed wth buffer A The active nactl ve
conponent s \iB¢ amoug; gffivaciyn maqengl iep mee@ratwntqf LIBRiIpeThe sprondi exanplé (Bt al

gr adi ent voI 100% ffer A to 100% buff vl
sodi um phospha Q%b& thﬁ%‘% a@el)qur&g obf r°°°§f2 % SRS AR 2 PreR AR ﬁ{}‘r@i{r'lglggg%‘%he
col um efs | uswithed@stheadiive 66pordey; absor bance at 214 nm The whol e 30
procedure was carried out at anmbient tenperature using a columm flow rate
of 1 mM/mn. 08 SEP 2006 -15 The elution profile of a representative

anal ytical A CARKISEPRyAIpHODicSneiieKbh émoﬁwyﬁaphﬁ(mc&eaﬂsbelmaa; ains the

inactive fractign and peak 2 the active fraction of LTfR-1g. In order to
quantitative assay to assess the amounts of inactive LTSR-Ig

Baseline resolution of the smaller, inactive and the larger, active components of

20  recombinant human LTBR-Ig was achieved on a Perseptive Biosystems Poros ether/m
column (4.6x100 mm, catalogue No. P091M526) equilibrated in 1.5 M ammonium sulfate
and subsequent elution in a decreasing gradient of ammonium sulfate. The LTBR-Ig
preparations were diluted to a concentration of 0.1 mg/ml and brought to a final buffer
composition of 1.5 M ammonium sulfate, 20 mM sodium phosphate, pH 9 (buffer A). A

25  portion (1 ml containing 100 pg of protein) was loaded onto the Poros ether/m column.
The column was washed with 8.3 ml of buffer A. The active and inactive components were
differentially cluted with a linear gradient (total gradient volume of 16.6 ml) from 100%
buffer A to 100% buffer B (20 mM sodium phosphate, pH 9) followed by a 16.6 ml wash
with buffer B. The column effluent was monitored for absorbance at 214 nm. The whole

30  procedure was carried out at ambicnt temperature using a column flow rate of 1 ml/min.



. quantify the relative contribution of the two forns, the peak areas were
integrated using the Perseptive instrunments Vison integration sofatg\@p%oSS
B). Preparative purification of human reconbi nant LT/3R-1g. Carification
and concentration of conditioned nmedia: The cell debris was renoved from
| OL of conditioned nedia harvested. from CHO cells secreting reconbi nant
LTOR-1g using dead end filtration thrgugh a 5 polypropylene 5 sqft. Calyx

filter capsgh@elutidh drdhile'ops RipadsetihtRR Sindi foal MESLR | by a 0.2
p. Opticap 4 inch f[{rl ter cartridge (Mf‘l i pore @%ﬁ%‘é’ﬁ%‘%ﬁ’gw%%me
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condi t i oned PemeptiverinaasmertSVizas eagrdtipn gofavarey t hrough a 10 Protein A
sepharosg fast flow (Pharmacia) colum at 4C The col um was washed with
50 m of "PBS, 50mL of PBS containing 0.5 M NaC, and 50rnl of PBS. To

renove cont B)iPrgphiatige poNficatioh afkurhdtreeombinanierfRveshed with  50nl of 25 nM
sodi um phosphate,, pH 5,5. The bound LTRR-|g 'was eluted by gravity wth 25
mM sodi um phosph&EEficatny aufcapcertratiop opcanditionegnedia:a Lhg i debaisavas nedi at el y

20 neutral i zegbved frbmQoBet p&'fditﬁbn?d Me@i@ Hav B OSR CRiFeeliPHA1ifk reEdrfildnP NS

containing protein were identified bé absorption spectroscopy, pooled and
A

stored at - HABR-Igysinggnedisnd filtration theonghn S@rrolypsenylsnad byft. Calye fiercapsule A

el ution pool C i 2 m-) ..was, .di.l yted with 40 n
of '3 M sSd éﬁcg?%%%&?hio%ﬁ&é@g%wﬁﬁé‘é’%%‘gﬁ ag%ﬁd}’“%ﬁ% BEfHe ot 1.5 M
sodi um chl orardiige 2diltipdrs GoipurBepfond PIRY. FhptlaRfied/médid wasscohdehiret ByailEa at
anbient te rature). The dil yted pool oa tg a | 100 pmm (7.8
! Cour co Bt foparateray i g5 88 SR D biatenea e SARIO 1 The
col um was \BR&BIMA)cBnneltedlin @fiesl. 5 M sodi um chl ori de, 20 nM sodi um

phosphate pH 7 at a flow rate of 20 mUnin. The bound protein was el uted
with 20 mM sodi uRfoind METe Chspnatogigrhy: fihs gorcepigatesk copdifpredimediumypaas

oo Uanee P LA e RERLS Al SR MRl %
SEP 2006 - #8C. The column was washed with 50 ml of PBS, 50mi of PBS containing 0.5 M NaCl,
and 50ml of PBS. To remove contaminating bovine IgG, the column was washed with
50ml of 25 mM sodium phosphate, pH 5.5. The bound LTBR-ig was eluted by gravity
with 25 mM sodium phosphate, 100 mM NaCl, pH 2.8 in 3ml fractions and immediately
20  neutralized with 0.3ml of 0.5 M sodium phosphate, pH 8.6. Fractions containing protein
were identified by absorption spectroscopy, pooled and stored at -70°C.
Hydrophobic Interaction Chromatography: The protein A elution pool (40ml at a
concentration of 2.5 mg/ml) was diluted with 40 ml of 3 M sodium chloride, 40 mM
sodium phosphate pH 7 and 20 m! of 1.5 M sodium chloride, 20 mM sodium phosphate pH
25 7 (all solution were at ambient temperature). The diluted pool was loaded onto a 10x100
mm (7.8 ml) Source PHIS (Pharmacia, Piscataway NJ ) at a flow rate of 2 m{/min. The
column was washed with 79 ml of 1.5 M sodium chloride, 20 mM sodium phosphate pH 7
at a flow rate of 20 mi/min. The bound protein was eluted with 20 mM sodium phosphate
pH 7 at a flow rate of 2 ml/min. The absorbance of the effluent was monitored at 280 nm

30  and 9 ml fractions were collected. Elution fractions containing protein were identified by



. UV absorption spectroscopy, pooled and stored at -70C. Figure 7 represents
a typical HHC elution profile. Under these conditions, the inad8\8€P 200§
material flows through the colum and the active material is bound to the
resin. The figure 7 insert contains a scan of the coonassie blue stained NR
SDS- PACGE anal ysis of 'the foll owthrough and elution pools, 5 respectively.
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as a m xt w e @harBRBLOUHI¥ER S Wed) YoRilequitiBaied HPB R AG0RAHR QP BAY/fhin. UieNd

baculovirus 1nfected insect cells to express the sanme protein results in
drastical |y rdfeabyasollssted i3 mifgactionsy Fractionsepntaiging peotein werglidentifiedbycul t ur ed

at 28C, we ex | gé&'ﬁ% 3 ' r own
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Shown i n Fi gurgflage laaduditgNE $PSrEADGRE ptl slebiropho@HO Frastibes vathanintral giskhleran
LTf3R-1g cul tured ti n T-flgﬁks %t& %?,a e30 "9~ 35, and 37C anal yzed by
western bl ot . “EPREE WEFCROOKA L HRTET TPER R 7?)i(%‘di cated by arrows) are present
in the culfures gripwis Akhids LTER.Ig 8dithe ploffared R YonkdidsinhiginRV Al mesorefie t he
smal |l formcan be seen.in the | anes containing culture _supernatant from

cell's grown atacliye kiRJgeompangas that i pissetdn theenide AHFeARsdide during cel | 30

culture dramatically reduces the anobunt of the small, inactive form of
human LTpR-1g. To O 8 SEP 2006
Example 3. Low temperature fermentation conditions enrich for the large, active

component of human LTBR-Ig during the cell culture stage.

20 Under conventional mammalian cell culture conditions, human LTBR-Ig is secreted

_ as a mixture of approximately 50% small and 50% large components. Using baculovirus

infected insect cells to express the same protein results in drastically reduced levels of the
small form. As insect cells are cultured at 28°C, we explored if human LTBR-Ig secreted
from mammalian cells grown at low temperature would have an altered ratio of large and

25  small forms. Shown in Figurc 8 are the supernatants from CHO cells secrcting human
LTBR-Ig cultured in T-flasks at 28, 30, 33, 35, and 37°C analyzed by western blot. The
large and small forms (indicated by arrows) are present in the cultures grown at 33, 35, and
37°C. Very little evidence of the small form can be seen in the lanes containing culture
supernatant from cells grown at 30 and 28°C. Thus, lowering the temperature durfng cell

30  culture dramatically reduces the amount of the small, inactive form of human LTPR-Ig. To



-17 quantify the relation ship between cell culture tenperature and the
extent of the enrichnent for the larger, active form of hunman L‘ﬁ(ﬁg?fﬂgms
duplicate culture flasks were set up and grown at tenperatures ranglng
from28 - 37C in one degree intervals. The protein A affinity purified
human LTaR-1g sanpl es were anal yzed by anal ytical H C chromatography 5 to
quantify the ratio of the small and | arge conponents of human LTOR-1g
present in the preparations derived ffbmcells grown at the different
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densities app hi x10 || s/ at 37 C e culture was diluted with
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cel | viabiol i tesulty hopatatheiucing 60 %uluico waifeRtirs Bol PARK REMESHER 32&C during

t he production phase also results in significantly |lower |evels of the

i deadi conpoNEHatFalysscrenes the ampuny 8f the smaller mwyeesmpongns thustinarepsing thegiedd t hat
whil e the celgkg lacNeGoRBoneh GHHE [ t roduction
phase at 28 gr 32 C ag sce\(/)erBaI? f ol dﬂ??\(lf?g%g% llggr%gdp;?ngt%slg{agltal ugPB over culture
grown excl usitamgerateres f B2@nd@% Covdrasakettditn testibthharobestatidncoontiteidoplRateaedi a.

The specific ¢ qu'a(}?é ;cgﬂgﬁnk%ggwn%({ng (E]h%s egulifi ﬁg%uﬁﬁeag?’ ?:%uégtgggg;s&%re(&?o gzrll%

descri bed bel'ow. Tniti a sugge

t enper at uise  is@setini Sedombiviand Huatan DEPRAE that hadetnadaftbPlo ghsdfth iS0SHeRBn. Stech as
yeast. It is _interesti ngr[t hat in yeast, the beneficial effects of .low

tenperature HESHTPCTBANE, the %B%E?‘Gé@vﬁ’t todemsfiies anpsrachingBel0s cellshml at WK i n
Form. cultur o G IR W B OBl lpdlfy 4 3201 V€
i nactive and “adntilbe ey vigbilith dropprdthetavs 84%r hewnriag thatteriBraBung tw2AIC during
predoni nat el ¥nd HEqRAb Mifasd L Peits hxmﬁéa}(&)ﬁ'olwgf levelstEhe 1deadt component in
20  the final harvest. It was interesting to note that while the cell number did not increase very
much during the production phase at 28 or 32 °C, a several fold increase in product titer.
over culture grbwn exclusively at 37 °C was obtained in the harvested conditioned media.
The specific conditions that were used in the 32 and 28 °C process are described below.
Initial data suggests that lowering the culture temperature results in similar benefits
25  in other host systems such as yeast. It is interesting that in yeast, the beneficial effects of
low temperature production arc observed at much lower temperatures than in mammalian
cells. Yeast cultured at 30°C produce predominantly the inactive form, cultures grown at
25 °C contain about an equal mixture of the inactive and active forms and cultures

fermented at 16 °C produce predominately the active form of human LTBR-Ig. These

30 observations suggest that low temperature fermentation will result in significantly higher



30 observations suggest that |ow tenperature fernentation will result in
significantly higher 0 8 SEP 2006 -18 yields of the active corrpﬁge §f
human LT(3R-1g in any secretory host system One skilled in the Fe 4006
easily determ ne the optinmal production tenperatures for each system Here
we provide a detail ed exanple of how this process was applied to the
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advant age of yiBlds bfathé aaive téragontre dbhimah LTER-Iah knytsebretdhehdsEeBRMAIOHeE
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| ow tenperature f eféreWetdviia aidstafled4RPpRIof h thid ﬁi@ée@é’@s@t{}tphéﬂo%é er when
conpared to. traditional fermentation runs carried out 36-37C. Table I1
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(see Tabl e | Whermimpajed soipgalitinelTeeetnvatibhiruhdBarf&iout 448-3MWCL TalIE gPt oy ci n,

and 50 ng/L entanycin. For scal e-up, two 750ml-spi nner. f|l asks were

i nocul ated at gﬁ?ﬂﬁ"'%? {he Comparatiy, yighis akd the relative amgyms@finactive BTBR: cul t ur es
wer e growgg at &4, (e iqrately 3x
106 cell s/]?ﬂ .cThIeQn(b:xfalS abtglrj(espens[?’g@?gg%qaulﬁcgu?ﬁ#%%grv}lgb& ffe ?1? T@i 1&2

conbi ned t o i eanstmicas whichearied al the experd obHgleasylatonqasttgamining go appmbmtsel y 100
of growt h msdl’gm ]’Se culture was oxygenated at 11 % 02 and grown for three
days at 37C 2% ensity of approximately 2x 106 cells/m . This culture
was used to |nocul ate the production bioreactor containing 33L of growth

medi um at a den3| t.SQ"GfCeB Chileurk Poocesy: | GO kells sI&’i&uﬂﬁﬂﬁHEU[’QR‘I tHal LAY Was
t hen cultured s .at the beneficial tenperature of 25 32C with the

oxygen sparge? aBFQ t%%‘PX'H’tm SUSPETGION WERRSIEWN n i pY'sgh12 grewHemediafseeiay (day
8) was appr OXTHgé Hi beld¥) s@ﬁﬁcrﬁ&leﬁ%nhﬁomf‘ IQO H/ﬂpédcglg&ygfnms awt ely

60% Under these conditions, a titer of eved whi ch
was two-fol d Bewpmycin. tRoRscaleaR, tW@ﬁéO@bsmm@eﬂhsgs wereanasulated abappaaximately

traditional teReEaisHhGn flowt/fredia Mhe'Gli@kd ¥&e A 3% in 2 5% Co, atmosphere

to a density of approximately 3x10° cells/m!l. The cell suspensions from both spinner

20  cultures were combined to inoculate the scale-up bioreactor containing approximétcly 10L
| of growth media. The culture was oxygenated at 11% O, and grown for three days at 37°C

to a density of approximately 2x 10° cells/ml. This culture was used to inoculate the
production bioreactor containing 33L of growth medium at a density of 6.4x10° cells/ml.
The production bioreactor was then cultured for 8 days at the beneficial temperature of

25 32°C with the oxygen sparge rate set at 11% O,. The cell density on the harvest day (day
8) was approximately 2x10° cells/ ml with a viability of approximately 60%. Under these
conditions, a titer of 12 mg/L. LTPR-Ig was achieved which was two-fold higher than when
the same cells were cultured at the traditional temperature of 37°C. The relative amount of
the inactive component in the LTBR-Ig preparation was 17% which represented a more

30 than 60% decrease when compared to product obtained from a 37°C culture.
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t enperature 8¢, ed for

addi ti onal - 8\/@&%&9?{ ﬁg 82%P%R§«nﬁéf{“§gd§0 t%éﬁ{oﬁa}({éﬁ%@% y 3x106
cells/m anabpccadxmata;ls lv’iixa@f’i dcllt/;nl OFhisciBote Wahasddltmmadhtalt\so $eir sndloat Y&kt ed and
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Cond 1 Ohs. BRAHRE Plofsaf = sk ST dnmlRe St 05 B o P o i eve
whi ch repr esentse proauc'ﬂlofxaio@cabtﬂf‘sﬁfb@&@lt@ﬂé@ﬁt 37|°l@aﬁd &igerdisatat 8% O, @kf1ai ned when
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material pr W[tﬁ%x&&ac?bzgm efthrEX A Blvredto 28 E Gh Prhb BIdPeabBrslife c!fﬁ\tuﬂlgg?@r' hto

M ni m ze Dead Forms Durin Producti on Based on our ehypo eti1ca

expl anat i onamiddwttwlaloﬁetws lﬁlicmalzeselk@sutxets df mpgrivdimetelyixd phaetis/mbarst ceine woul d
predict tha efore mai ns woul-d di neri ze 25 woul d

I ncr easelgt hglaﬁ §'V¥%f| or?bg?hccbcl)?rfaé:gtrﬁ wcr? oarnc"f cfgra%é:g’ﬁtcg?&l%%“ﬁgrrﬁ 12 Wie expl ored
several net prodssédnsaedtribadeabol. sUrrde&uést: corditidns, afinabtitet 6f appakimdielyf 2r ent 1g Fc

domai ns WOU' dnf le‘[ﬂ( ?g was achieved which represents a 3.3 fold increase over the titer that was

obtained when the same cells are cultured at 37°C . The relative proportion of the inactive

component was 10% which represents a 80% decrease over the material prepared at 37°C.

20 4
Example 4: Alterations in the Fc Domain to Minimize Dead Forms During

Productlon
Based on our hypothetical explanation of why dead molecules result in these

preparations, one would predict that slowing the time before Fc domains would dimerize
25 would increase the fraction of correctly folded rcééptc;r domains. We explored several

methods to achieve this result. It is possible that different Ig Fc domains would fold at

different rates, yet exchange of the IgG] domain for an JgG4 domain did not change the

live dead ratio. Sccondly, the cysteine residues in hinge region that crosslink the two

peptide chains were removed from the IgG1 Fc domain by mutagenesis. The Fc domains
30 candimerize well in the absence of hinge disulfide formation but the rate may be slower in

its absence. Replacement of the two cysteine residues by alanine resulted in a decreased
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different rates, yet exchange of the 1gd domain for an Ig&4 domain did not
change the live dead ratio. Secondly, the cysteine residues in higg&
region that crosslink the two peptide chains were renoved fromt _EGﬂmG
Fc domain by nutagenesis. The Fc domains 30 can dinerize well in the
absence of 'hinge disulfide formation but the rate may be slower in its
absence. Replacenent of the two cysteléf resi dues by al ani ne resulted in a

decr sased 0 Sl 908 el SRR LAY QELBAR HBASaLEd, Bl S0 PACS

and H C chrorra ography ‘suc

and 5% dead fwdrereswvibt tyge/LEIRIIgAGouTd coriain 50ehdS% ABadTbrishie 3T Misd B @ﬁlcf romthe
lgG 1 hinge lead to 20 and 5 % dead f orm when ﬁ)roduced at these respective

tenpertures. dedgtionaf é‘i‘eeCYS‘ﬁi“ﬁﬁg%mﬁﬂlﬁ Tg{id dins feap o 4Qamd % deast fouh whent foduyst 5
resi dues can g ﬂﬂP{c%’ﬁe&ﬂ@ tc%fﬁhbké’ PlherdioRt! gy Abdi &ugﬁ]g{ﬂc ﬁ&ﬂ’cﬂ?of’ h&l:thcgf Y ci al

possi bl e that 'repl acenent only one Ccys resi ue C ave
ef fect. Sdch refdves ¢as impion¢ ﬁlpaaahtméa mmrehqn@dd.caorcdver, jtds pessibRgieat of dead

formwith re e uct 10 Exanpl e 5:
Del eti on of s{c?ﬁ%&t% L@g ol &Qgéor r ec'fldll—] m B@B‘rsgﬁrﬁe‘&%’ﬂ y, it is
very diffi culmodifeagefsicosd tddeced tht ﬂtrﬁgn@tolﬂwmsfomi with #eslridto owicRipfhilrel O get
to the final rect form Nonethel ess, sone disulfide bridges in the TNF
recept or farﬁ“fc{'f UrmebefSial and may not be needed for the final fol ded
state. These bridges are good candidates for mutageneisis. One such bridge

in the third domain of LTpR- Icg was_15 renoved by conventional site directed
nut agenesils xaw&%llﬂ%‘%"@(ﬂ Adne Beidges tg GonrestEolding Frokjemhe nunbering from

the sequence defi nggcdy, VRNVery&iifrRli tolGTme ¢ Cﬂt_qgl V\{;\g ﬁﬁﬂwkﬂxﬂ)f %dcwk%&#lg toof

dead/live material as évidenced by SDS-PA ype
typically steWe thetfinajgassetfermn. dlomsthelasel so9i disalfidé bridgesninaie 'mmdvaqmﬂ at 37

and 28 Cres £ di sul fide
bri dge del et e% [#a% %usumycgg}qg 3>tcfn 8?%}@‘@%},% eah.'n ?%ér%gaﬁ%yi‘th ifgrs gre
t enper at ur es goakempddacﬁfor mseagexfcxslisnv\enc swehbedge i (e shitdod onfedd @Mﬂ‘ pROgwasial ity
of a pr ep&r atrl on g;) % Pfg%dw rus er)tr medi at or M Is a TNF
fanily recept8F°% &f%‘ﬁ’c’ftt?“ e ’?3“‘&%’6515? rfarsteipgsgiQd jand 108 to planipesgand
LI GHT ti ght | YusipthavgatBeying GofliRe deq@eRe dbr¥R oA 602121995) led to an improved
ratio of dead/live material as evidenced by SDS-PAGE. With wild type LTBR-Ig typically
shows the presence of 50 and 5% dead form when produced at 37 and 28 °C respectively.
The mutant form with the one cystein disulfide bridge deleted had 20 and 5% dead form

20 when produced at these temperatures.

Example 6: Use of lower temperatures to improve the quality of a preparation of
HVEM.-Ig
Herpes virus entry mediator (HVEM) is a TNF family receptor related td the LTBR

25  and binds tightly to the ligand LIGHT tightly and weakly to the ligand lymphotoxin-a

(LTa) (Mauri et al, 1998). Human HVEM was prepared as a Ig fusion protein by PCR

amplification of the extracellular domain and fused to the human IgG1 CH2 and CH3

region as described for LTBR-Ig (Crowe et al, 1994). The construct was inserted into a

vector called CH269 (Chicheportiche et al, 1997) for transient expression in the human

30 embryonic kidney cell line 293 with high copy vector expression using the EBNA system



+ (LTa) (Mauri et al, 1998). Human HVEM was prepared as a Ig fusion protein
by PCR anplification of the extracellular domain and fused to §$f&ERumEN
lgG | CH2 and CH3 region as described for LT(3R-1g (Crowe et al, 1994).
The construct was inserted into a vector called CH269 (Chicheportiche et
al, 1997) for transient expression in the human 30 enbryonic ki dney cell
line 293 with high copy vector expres$i-on using the EBNA system O 6 SEP
2006 - 21 (AB%-Eccll).| Sypereignes were ealiesicherbHYEM lsqusodwrnziVernRa ity 1| od
usi ng Prot eiAndld
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protei ns ( Broowdin Rl LEGHE was amplyfigd by LGR and fhsed oardhe aipigymatigg fastor leaddrno aci d
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ffinit h = ' i th
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into 20 & veeVRIRDGAREYFEBFMEXpressi on on the surface of 293-E célls as
described ( RhGO@PANS ddtdRdichles ﬁk exﬁegtgzN-:eEﬁgé &itllihq'hﬁgrc'ﬁf‘&é?ﬁg igﬁ ?%urlcﬁﬂ?

detection of receptor-lg to ce surfaces and Bl Acore netl .
measuri ng t hEthir peicasgehbly waoud o theinge e aminojapkip (iA) delprotirepasqurified have
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clution with either low pH or calcium chelation. Full length LIGHT was also inserted into

20  avector CH269 for expression on the surface of 293-E cells as described (Chicheportiche
et al, 1997). FACS binding methods for the detection of receptor-Ig to cell surfaces and
BIAcore methods for measuring the binding of soluble ligands to immobilized receptor-Ig
have been described (Mackay et al, 1997). The BlAcore technology yields real time
measurements of protein bound to the chips (i.e. the receptor). I

25 CHO cells expressing HVEM-Ig were grown to confluency at 37 C in roller bottles
using growth media supplemented with 10% FBS. When the cells reached confluence, the
spent media was exchanged with fresh growth media and the cultures were incubetaed at
37,32 and 28 C. The 28 and 32 C cultures were harvested once a week, the 37 C culture
every 4 days. The secreted HVEM-Ig was purified using Protein A affitnity

30 chromatography as described. The pruificd preprations werce stored at -70 C untill

analyses. When HVEM-Ig was produced at 28, 32 and 37° C and purified, all the
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either in thé 1qusRas Hiand ehove cQif seryeto mrsalye Hie live/dead forms

following optimzation of the preparation by lowered growth temperatures and or
20 mutagenesis of various cysteines either in the hinge or in the receptor itself to prevent

incorrect folding.

Example 7: Generic Schemes to Minimize Dead Forms of Other TNF-family
Receptor-Ig Fusion Proteins
25 Most receptors of the TNF family have been prepared as fusion protein constructs
with immunoglobulin-Fc domains:
Reference
p55 TNF-R  (Loestcheret al, 1991, Marsters et al, 1992; Ashkenazi ct al, 1991)
p75 TNF-R  (Mohler et al, 1993)
30 LTB-R (Crowe et al, 1994)
Fas (Suda et al, 1993)



incorrect folding. Exanple 7: Generic Schenes to M nimze Dead Forns of

Ot her TNF-family Receptor-I1g Fusion Proteins 25 Mdst receptofg. SEP 2066 TNF
fam |y have been prepared as fusion protein constructs wth

i mmunogl obul i n- Fc donmai ns: Reference p55 TNF-R (Loestcher et at, 1991,
Marsters et al, 1992; Ashkenazi et al, 1991) p75 TNF-R (Mohler - et at,
1993) 30 LT(3-R (Crowe et at, 1994) FEas (Suda et al, 1993) 0 8- SEP 2006
-23 CD27 (Goodwi al , 1&%% . %)%Olsggf”h et al, 1993) CD40 (Fansl ow et
al, 1992) x40 aum et al, Y94 “5 77 BB (Al derson et al, 1994)

HVEM Mauri et al CO3O8) . | (Sndtheeslalo98pses, nost notably, Fas-1g and CD4g-|g
e.g. Fansl ow et 1992, e, chi ner are poorly active relative to the
solgubl e Fc forms%g'?“ot he t W?tgég§@rs. It is possible 1o that sone of
t hese preparati omgx4dr e m x{paoms: &f 19o94ye and dead forms in varying ratios. A
dead formrefers sjinply to a nolecule that binds with a affinity
substanti®al | y (10"—"5L%0yfol%ld°r?°6\ﬁé?l’ }94h the live form i.e. it may not be
conpl etely lack MveMda@fiiaildyg) but instead has a reduced affinity for
ligand relative to the high affinity formfound on cells naturally.
Abberant inter-receptor armor intra-receptor armdisul phide |inkages may

occur | eadi ' ey ' f e.receptors or
ot her as yetr![g lﬁ%‘%&l %%é% nlﬂog?:'go&%ﬁ’ ls: Xselé%gtr’lﬁeblq b-2¥ e'%*l%apglg\pé%agb&g%rg’%ﬁwém% | d be
prepared by aropeelytacOveaklatiech el sopbleFc fIhaos temvod DNHirespwhl @ i possibleock t he
bi ndi ng the liga Lo the .receptor preferab assessed using a |ligand
bi ndi ng ?d;s st§§} sp Blgtoﬁglcsﬁcé??%“?‘és@é s e °é“’8é'F4 %ggfc’lﬂgftﬁ’ R RHBEYh ‘bt her

et hods usi ndgad esraiBfersaithply to a molecule that binds with a affinity substantially (10-1000 fold)

lower than the live form, i.e. it may not be completely lack binding activity, but instead has

a reduced affinity for ligand relative to the high affinity form found on cells naturally.

Abberant inter-receptor arm or intra-receptor arm disulphide linkages may occur leading to
15  aless active protiein.

With any of these receptors or other as yet undefined receptors, a panel of anti-
receptor mAbs would be preparcd by conventional technologies. Those antibodies able to
block the binding of the ligand to the receptor preferably as assessed using a ligand binding
assay to the native receptor on a cell surface (although other methods using recombinant

20  receptor forms may suffice) would be used to form affinity columns. The preparation of
the fﬁixture of live and dead receptor-Fc forms would be passed over the column and the
flow through collected. The material that bound to the column would be eluted with a low
pH buffer (typically pH 2.5 to 4.0) immediately neutralized. The two fractions would be
bound to either cells in a FACS binding assay (or any other standard binding format) or

25  ligand at varying protein concentrations. Some of these mAbs will selectively bind to the
live form and a difference between the concentration needed to get 50% binding of the
flow through vs cluate will be seen. This result marks that mAb as a demarcating mAb.
The ratio of the protein in the eluate to the flow through will indicate the percent live form

in the preparation.
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the basis for_cyst 'ne.rruta} enesis of the 10 receptor portion to define

pr obl em di sulﬁ"f‘é@“gbnaﬁg"%ﬂ? ‘upon renoval would yield functionally active
material. As many Afminyesescac@plons wilMhdvk appiicRion aptherpéuticagarts ihhemapeut i ¢
agents in human disease_and one wll want to put only properly fol ded
forms into a $saeseand ong widkwansio mv Qaly preperly frlded deams inta g Paticat, Sheshmethedson and

renoving poor fo?h&giﬁéﬁé{lé’&xgﬁrgﬁtﬁxmon%ﬁ?crH&Jiﬁ%ﬁo\Srbi_ﬂtﬁné forih WAl RReARPGr ent to

t hose skill ed various noditications and variations can be

made in tHhe met hodswifbetappargnt tostbnse skilledrin the art Wiat Yroigus megifieationgandr om t he
SPUTIL OF SCOPG;aRins'cAPud MR 1R neald B el oresthn b ARASHL Akl R BRN
i nvention cover e hpdi T  cat ons and varlations of this i RAvertion
provi ded t hat sgifiteor scoperef the tnivemionh &hes geintended that the present invention cover the

modifications and variations of this invention provided that they come within the scope of

the appended claims and their equivalents.
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Summary of Anti-LT-b-R mAbs HT29 Cytotoxicity Bl ocking mib Sol 0f S8ERS@PEDI e

Receptor mAb cell Receptor Immobilized mAb mAb with Band nmAb Nane st ai ni ng
Indio a on. Plasti alone LTal/b2 Precipitated G- oue BDAB +++ +++ ++ +/.
--.1 upper AGH +++ +++ +/ - upper B +++ ++ +++ +/- +/- both BHAIO
+++ +++ nd BKAIl +++ +/- +++ - +++'" both CDH O +++ +++ +/- +i+ nd 111

CBEI1 +++ nd +++ +/- - both IV Assay assessed whet her antibody bl ocks

bi ndi ng deblek| Summary ofAmtt-BF-biRomabs i vated |1-23. nd = not done. Goat
anti-nouse Fe coated plate, captured anti-receptor mAb, HT29s plus | FNg.
"Bl ocks Potentiates 'Variable, sone partial inhibition in some assays,
none in others. 'Receptor form predE0iCrtaekiditsi ng mAb pl us Kappalock
system G oups were defined on the basis of the data in this table plus
epi t ope mappi ng done using Bl Acore technol ogy. Table H Expression of
LT(3R-1g constructs in CHO ¥eskirss c®dh ur ed at Selitfief erSshwble cul t LRe@ptor

tenper at Bftes.  Cons®uct FeReent at inoeblExDr eSSHABN % haaeh | Ve ghgnper atyne C
*

n‘g/ L Oomgnent sb §3!Zlné 50 MROSonﬁ stith 17 %énezo al/b%7 10 25re0clgltated' Group®
BDAS ++ -+ ++ +- - upper . !
AGH! -t o +- upper . I
BCG6 ++ + +H+ +/- +/- both 1l
BHAILO +4+ 4 +- +- +- nd i
BKA1l +H +/- - +HH both m
CDH10 -+ ++ o+f- ++ nd 1
CBE!l ++ nd -+ +/- - both \Y

* Assay assessed whether antibody blocks binding of soluble receptor to activated I1-23. nd = not done.

* Goat anti-mouse Fe coated plate, captured anti-receptor mAb, HT29s plus IFNg.
‘Blocks

¢ Potentiates
¢ Variable, some pactial inhibition in some assays, none in others.
¢ Receptor form precipitated using mAb plus KappaLock system.

* Groups were defined on the basis of the data in this table plus epitope mapping done using BIAcore
technology.

Table I Expression of LTBR-Ig constructs in CHO cells cultured at different culture

temperatures.

Construct Fermentation Expression % Inactive
Temperature °C mg/L* Components®
37 6 50
LTBROS 32 12 17
28 20 10
37 10 50
LTBR09 32 - .
28 76 6

: 'I:hc expression level was assessed using Protein A affinity chromatography. ® The amount
of Inactive components present in the LTBR-Ig preparation was assessed after Protein A
affinity purification using the analytical HIC method.



LTP3R0O9 32 - 28 76 6 a The expression | evel was assessed using Protein A
affinity chromatography. The anount of inactive conponents pr0 SER 2085 t he
LTOR-1g preparation was assessed after Protein A affinity purification
using the analytical HC nethod. 0 8 SEP 2056 -26 Table II1l. DVE/ HAM s
F-12 Gowt h Medi a Suppl ements Conponent Anmount in 1L growth nedia" Fetal
Bovine Serum 100 nml G ucose '1.85 g Angpni um bi carbonate 2.2 Streptonycin
140 ng Gentanycin 50 ng Ethanolamne (1 Mstock) 0.1 ml Lipoic acid 91.2
m Linoleic acid 38.4 ng Triiodo-L-Thionine 0.2 ng Ex-Cyte VLE (Bayer) 1
m  Bovi ne | rfBakile H1.IDMBE/HABA' iF-k2 Groawih Midid Supiflemants Bovi ne Serum Al bumi n 50

mg Pluronic @mﬁﬁorﬂmg Cysteine 82 ng Methi pAndanEift 1MErowa théda®2 |10

Val i ne 105. 6 F@h] BeViMe5&@mP0 Ny Asparti ¢ ACI figfm@ Ny Proline 52. 2 ngy
Glucose 185¢
Ammonium bicarbonate 22¢g
Streptomycin 140 mg
Gentamycin 50 mg
Ethanolamine (1 M stock) 0.1 ml
Lipoic acid 91.2 mg
Linoleic acid 38.4mg
Triiodo-L-Thyronine 0.2 mg
Ex-Cyte VLE (Bayer) 1 ml
Bovine Insulin ' 10 mg
Bovine Transferrin 10 mg
Bovine Serum Albumin 50 mg
Pluronic F-68 _ lg
Cysteine 82 mg
Methionine |34 mg
Serine 52 mg
Valine 105.6 mg
Glycine S50 mg
Aspartic Acid 24.4 mg
Proline 52.2mg

* Components are mixed with the base media powder and the volume is then brought to 1L.
The pH of the media is adjusted to 7.20 fi 7.25 using 50% HCI.
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" Conponents are mxed with the base nedia powler and the volune is then
brought to 1L. The pH of the nedia is adjusted to 7.20 n 7.25 L&iSEQ Heeo
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CLAIMS 1. ASwith)CoAl Famab 'lbr@pﬁoadwmnRo@t@ﬁ’%d?eﬂyN;Qﬁ? -62i ng a manmal i an
cell trangforne n receptor-lg fusion proteinin a
culture s?/stgmlﬁa%% p%‘%%ﬁat u?%@gfo about 27C to about 35C conpri sing
bi ol ogi cal | y Sadd, ﬂ\{e‘a.laamdskﬁ Maadlstedn, H. cundNagitarSercmBDCell e 6gH7®bul i n f usi on
protein (rec - S| I‘ISI menber of the TNF famly
of receptor s%paW?Pé‘ l@%?f’ HBPE)‘&?(,@%C%&?@“ nierafagy ﬁ’@ 1?ce)cept or-1g fusion
protein is neygoieH aam (39593? ClirrkA90pi ALAIMIERBENEE and TnhiDls2h) 1RO{B\LAgi N said
preparation. 2. The cel ture preparation of claim1, conprising

| ynphot oxi n- 3 receptor (LT- (3-R). 3. The cell culture preparation of
claim1, gonprising herpes virus entry mediator (HVEM.
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4. The cell culture preparation of claim3, wherein the anbunt of inactive
LT-(3-R-1g is about 6%to 17% of the total LT-3-receptor-lg fu@B8®BEPPR00§ i N
in said preparation. 5. A conposition conprising at |east 70% bi ol ogically
active receptor- inmunoglobulin fusion protein (receptor-Ig fusion
protein), obtained by culturing a mammualian host cell transfornmed wi th DNA
encoding the receptor-1g fusion protepd-in a culture system having a
tenperature of about 27C to about 35C, wherein the receptor-lg fusion
protein conprises a nenber of the TNF famly of receptors. 6. The
conposition of claimb5, wherein thﬁk@ﬁﬁt or-lg fusion protein conprises

| ynmphot oxi n-P receptor (LT-(3-R)-I1g fusion protein. 7. The conposition of
claimb5, whereirefl b@ltdr@ﬁ@?ﬁrﬁtﬁod Shtdined BuRLORE] RamMARA &BSranSIBFRRS Vi I us
entry nediator (HVEM-1g fusion protein. 8. A pharnmaceutical preparation
obt ai ned Bith DANAsemodmgghe receptng-lg fusiongoteinrin pguliiredysien hayingfost t r ansf or ned
w th DNA | p oS . it I st em havi ng
a tenpera?ﬂfp gg'(t)l{‘wg g&?@ %?%Q(E %Bogg%%ﬁogg’g%%g}rl%ldﬁn? cetﬁ}réeagg%ftag?%l g fusion
prot ei n ctmps pEreeptornmmbwpglobulingthaiom ptdimiredeptondg fusivn ptaseis) compeismgy

expressi ng. hi i ' - | ' i NS, Jecovering
bi ol ogi ca?@hghﬁg&gﬁgggag@ r-1 E:JCGP ﬁ’gﬁ?%g%lrnotg eef’ ér%%“?%%%@%ﬁ% ?:lej e%’ %%(Ieé system
wher ei n shisin pedttin cuida more tienPdPnelt thntotat cavpptosksfusion peeesdtd indakb receptor-1g
fusion protei ns: and (c) conbining the biologically active receptor-1lg
fusion pr%rteg?rﬁé Tof st ep (b) wth a pharmaceutically acceptable carrier. 9.
The pharnaceutical preparation of claim8, wherein the receptor-1lg fusion
protein gonprTesliaultre plephratitn bidaian , REMPBIiRy lykPhotbkia-frRRapiqERL i cal
preparation of claim8, wherein the receptor-lg fusion protein conprises
an HVEM | B-®usi on protein. 11. The conposition of any one of clains 5 to 7,
wherein the conposition conprises at |east 83% biologically active

receptor-4g fushonRLRLE ipFE:paration of claim 1, comprising herpes virus entry mediator
(HVEM).

4, The cell culture preparation of claim 3, wherein the amount of inactive LT-B-R-Ig

is about 6% to 17% of the total LT-B-receptor-Ig fusion protein in said preparation.

5. A composition comprising at least 70% biologically active receptor-
immunoglobulin fusion protein (receptor-Ig fusion protein), obtained by culturing a
mammalian host cell transformed with DNA encoding the receptor-Ig fusion protein in a
culture system having a temperature of about 27°C to about 35°C, wherein the receptor-Ig

fusion protein comprises a member of the TNF family of receptors.

6. The composition of claim 5, wherein the receptor-Ig fusion protein comprises

lymphotoxin-3 receptor (LT-p-R)-Ig fusion protein.

7. The composition of claim 5, wherein the receptor-Ig fusion protein comprises

herpes virus entry mediator (HVEM)-Ig fusion protein.

8. A pharmaceutical preparation obtained by
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12. A conposition conprising at |east 70% bi ol ogically active LT, é%EBiU?
fusion protein, obtained by culturing a mammal i an host cell tra!]s or
with DNA encoding the LT-(3-R-Ig fusion protein in a mamalian culture
system having a tenperature of about 27C to about 35C.

-29a -

(a) culturing a mammalian host transformed with DNA encoding a receptor-Ig
fusion protein in a culture system having a temperature of about 27°C to
about 35°C, wherein the receptor-Ig fusion protein comprises a member of
the TNF family of receptors, thereby expressing biologically active

receptor-Ig fusion proteins;

(b) recovering biologically active receptor-Ig fusion proteins from said culture
system, wherein said cell culture supernatant comprises at least 70%

receptor-Ig fusion proteins; and

(c) combining the biologically active receptor-Ig fusion proteins of step (b)

with a pharmaceutically acceptable carrier.

0. The pharmaceutical preparation of claim 8, wherein the receptor-Ig fusion protein

comprises a LT-B-R-Ig fusion protein.

10. The pharmaceutical preparation of claim 8, wherein the receptor-Ig fusion protein

comprises an HVEM-Ig fusion protein.

11. The composition of any one of claims 5 to 7, wherein the composition comprises

at least 83% biologically active receptor-Ig fusion protein.

12. A composition comprising at least 70% biologically active LT-B-R-Ig fusion
protein, obtained by culturing a mammalian host cell transformed with DNA encoding the
LT-B-R-Ig fusion protein in a mammalian culture system having a temperature of about

27°C to about 35°C.



