, +, - . €3e0UNNOQVRIGT.TOUp* @000p2* 9 7 JUN 21 ftJ~ -1Method for the Hi gh Level
Expression of Active Lynphotpxin(err)i Receptor |nmmunoglobulin Chineric
Proteins an ' i ficat| on BACKGROUND The TNF fam |y Icor¥Nsttgs of pairs
of |igands ,mwmm’lﬂ}%@m‘wem fif receptors referred 5 to as TNF fam |y |igands
and TNF famlyr s (Bakzzoni and Beutler, 1996; Aggarwal and

Nat araj an, 1996). The |igands such as!TNF are typically found as menbrane
bound forns on cell surfaces, or in sone cases they are selectively cl eaved
fromthe cell S%Jtﬁcﬁ?o@tﬂgvﬁ;@%%l@ ressibn Af'ﬁ&ﬁ%’ﬁynﬁﬂh'ag)xfngﬁ ﬁ&%?fof" C receptors

and the binding event ser to aggregate two or nore receptors. The
intracel | ular donai ndmefuneglottulie Cbimeic Pptteinsanddineir Rusfinatiomay sense thi s

change and comunicate this infor i I@ the cell via a signal
transducti on nmechani sm The farﬁlm ed in the regulation of the
I Mune syst em anTheIeB faalily comsives of faifs of Migkue hatheia bpesiyis t@Bfors Téferrgdegul at i on
is often at a "master switch" |evel such th TNF famly signaling can
result id a' "‘érwft%‘%gﬁa“(}f a‘?um%g‘ﬂ’élﬁf“@‘?f@ﬁ azﬁ%‘gla“‘??ﬁft%f’éé%;y TNF. TNF can

initiate theglawdengNalarfim1e8). TR 1igahdsaneml aNF dre§pRAREdd AN organismto
foreign invasion which involves the altered display of adhesion nol ecul es

i nvol ved i nmeatbrang pandifercisioy celt sustaensi ordn prmercraeesithsy atccelartively dggeed fic cel I s
into spec f'ﬁ%nftﬁmrsmgeataid R dah EnPTigRhOEnPlo sYaihOMSpRid Sl cells. As
such, the regulation of t I

ese pat hways has cfoisnl cal potential. 20 The TNP
receptor fafmindingiegenaseredsiteegeragate ¢ prghere exeierst Ehqigtradeliviagiomamalol y consi st
of an exfragall ulaf, domal i,A tyrs?ﬁ‘sé E‘iﬁ!‘B{aﬁ‘#eanQQ "%nﬂniézggth%ﬂﬂiogx%&%%?' | ul ar
si gnal i ng donai n. e ext 1 acel PUEr “donmaim 1S DUiTt trom 8- copies of a
tightly di sidipihedelbeindasigndarmaidoctinandckanisac 0T famtly orintdiedbaties of t he

uni que arrangepent cystei ne residu anner, et al,. 99%? ch receptor
hinds to a E%nggrb%t%‘? e sutten ayd P?%S(‘e‘i}/%ﬁ%%&f&ﬂ"ﬁﬁ%m‘?‘f’@ﬁays 'Eﬁ&re sever al
receptors. kdpubO8®isGREEE)a "lasteSswittiEdevel Aidh dROTNE Fanifyosigimlitf cah h@ulk ecept or s

| acki ng the transnmenbrane regi on and/or intracellul ar domal n exi st

natural |y. fhe legedpebenal sepseuett syeisiesitupied hEle TREeptiBiigetiey have direct
bi ol ogi cgal rga&ml BhoRichve iRfi5iAmatdF) rEspeRiR o arPbra i toRbRERIMvalisy RARNT ded by the
osteoprotegerin system Osteoprotegerin is a secreted TNF famly receptor
t hat bl ocks iBolves Ghaaltdredydisilay of ndhepionrwolecyley inwolved in eel! THMWOE), and/ or TRAI L

to receptor [Welol: .0 vat.l: j t hese
receptors, ?r%%@%%%%@%ﬁﬁ%%c%%ﬁ@% ?Cﬂgédﬁ%ﬁ%gggﬁ%ﬁagweﬁg l%#%?]er ed and bone
mass i ncr eagpsastinghd gayous effedigr caIB0 @Ys.sudhl, thardgylation ofibess plthwayshaedinidal s t acti c
to inhibit TNF acftivity in their host organisns (Smth et al) 17JU
N 2003 2 1888y"28These receptors can signal a nunber of events including
cell Fli fdoer ]tcanti aTheOTNF &e&:ﬂtorgaanﬁis@rc?mtibn (foélgﬂe&ﬁotﬁr}sgh’tﬁ.h&eraﬁ@ﬁbnsdﬁat hOI f
signaling often is tr ered via relatively direct lipks to the cascade o
caspase pr ot"&%“s@‘éra?‘ﬁ”“{agg""&aé%é‘ tgpsmamprang dompig and\gn ingacslplarsignakinle TNF
receptors aggmmaWehé ediratdMRla dbmaif lsWailCRd e 2181 Bbiedb Gl ghRRtIRYBYiGe-S| NCe 5 they
are easily converted to_ i nmunogl obulin fusion proteins which have | ong
serum hal f | ibgeded dpmpig peisgenogped andlicdissis pf the priguerangranenheficsteine s of events
medi at ed by _.gi I C ] d By binding to
t hese i gané%ic{uﬁsggggnﬁg{%'nlggﬁblthgl&ﬁgceggoéégg% l%% %é’gg#ggdﬁ‘léé ]fgg?gérij(ng)l nteracting
with celd asBomightedligandmpy shase sayvedaliredaptoist It fomeaeseodl iacker thitgolable These
receptor-Ig.fusi proteins, ar ul an .o e rinent al ,sense, and have
o o been SR ol e Eis BB e RO B e ERE RN 45FHE “bean used
to treat i nfekiammmirgdlyyInhnwed, tdhced vessionhefuhat ticeptas iray hivesliragtd t he acut e
clinical syndrone acconpanyi ng OKT3 adm.nistration, sgn et al., 1996;

Fel dmann et béﬂl‘?g,‘cai@@;?tgg'efﬂ%bjg? ErAORIet thip Pr)oce@@?fqv‘éﬁﬁgyﬁﬁni pul ation of the
many events ogieshratbslinRystdh 00abdpadegdetif magbcrétb@TﬂTNlFarﬁigwe&aptoethaf gleaRt ors nay
have application i5 in_the treatnent of inmmune based di seases as well as
the w de’% afigaalng VithaR Ak fdsocalledkRANGR) q9dion SRAY odecegietiBitae due to

| Mune Syst @Ry deRY oY RETREY vatibi By BIRRIRL fhesre&Plod b s IAE R RENR rdc8GENT | Y

descri bed receptor) osteoprotegerin, has been shown to block the |oss of
bone mass ( SPrargsREptioatis @nsicrq@@ajopnqrn@s;ncm@sé%ﬁygtabdﬁ?&)oﬂe@dy,by TNF fanmily
receptor si I I L Lt 1 i : egul ati on.
20 Ant i bodi o iee s e B8 acE LARRR K st Ry et ot e B e
clinical application. Such antibodies are often very long-lived and may
have advant ages over sol ubSUBSHTETE SHEET(RULEI28N pr ot ei ns ‘mulﬂlmmmmmmﬁhorter
hal f-l1ives in the blood. Wiile inhibition of the receptor at hway
represents the nost exploited therapeutic application of thesggfs@ceptors,
originally it was the activation of 25 the TNF receptors that showed
clinical prom se (Aggarwal and Natarajan, 1996). Activation of the TNF

e - . I - M
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1 7 JUN 2~3 -3 cell death or differentiation in tunors,. Likew se) many
positive inmunol ogi cal events are nediated via the TNF famly receptors,
e.g. host inflammtory reactions, antibody production etgc and t herefore
agoni stic antibodi es coul d have beneficial effects in oﬂhe N 2003

non- oncol og~cal applications. 5 Paradoxically, the i nhi bition of a pat hway
may al so have clinical benefit in the treatnment of tunors. For exanple the
Fas ligand is expressed by some tundrs and this expression can lead to the

Coat oL oS PO R LB AR b P

system coul dcathmelaI;drmmltsIgeals nﬁmlhdcamys@\elmgtaﬁtem sadggeted vidvelativelpdirdcn ot her

ways now t hat access t ossi ble ( a re 7). One nmenber of
thY s Tocept Biksra Pt SopmRERrITHE A t e i TN P et o
surface | ynphot oriemNHrédepd aﬁbp¢vsermmsm@$@au@&at@blbrogmrpamw@wﬁmcex of

| ynphot oxi n al pha and beta chains (Crowe et al I994?\ This receptor-1|igand
pair is fnvBEYEE salyoqBveded o iBBAgIoRMin fysonFERtrinh whish havelenesedast em and t he

regul ation Qfipses, %ﬁx@h@sdl&blé&é‘epwms Bﬁ%éxnmﬂon%l%k@@eﬂts'rﬁbdia% ture inmmune
system (Ware et al, 1995; Mackay et al, 1997; Rennert et al, 1996; Rennert

et al, 1997eltl7@’1@@f§¢fhlr$e%[ﬁdd pisurfagdeynd lﬂgahW@IW&io (@sq lméle‘ﬁﬁtb?%

i mmnogl obu (LT~3R— s))
t hat bl oc ks%@ﬁ%@%‘% %Ugﬁ %/\tgée{r:gat%ﬁgr Ogﬁ? g%&ﬁv&%ﬁ hgg%g{re@ eor% g@ept or' with
consequencemhibit tthdcmmcltsngnuialTheaeatoeptorf Igffud1¢n [II'UIIGHIB agewsefnimiae cel | s (Mackay

and 20 Browni ng 1998 can_furth ead tq di m ni shed

Ut of e SPERmERR Hise Gl RevE G op 8 R e Gy 65 Sl

081 505, 606 TNFalIghak Yeed LisedtO Boat afAmichatorphdwe) Gﬁée@é’,%&ﬁﬁtcﬁd ir&ﬂu@ﬁﬁd)ber 26,
1996). A second nenber of this receptor _fanly called HVEM for herpes virus
entry medi ath§Reys Fidcat yndrome geompammedek s @IW’H‘E‘II’HIEPf‘l(EaéP" gfjal., }_LQ%B) as wel |

as the hert g@mEdd & al; 1967; ge.nﬂuucm efangs@nr&fmamﬁat{o%em&%n;5 i's
currently unknown, but a HVEM I g fusion ?ﬁot ein may be useful for the

t r eat nent oﬁveinmmnd@m@wwnalmgéea% thgh ENF "EIY@SF@QH‘Q@W&MQEVCUGEIW&%%\AM to
affect ijg v AL I ). Despite
the cli n?cantggt\fgncesgﬁ) %g@gaﬁ %/Sﬁdé%ag QW‘?] %0??1%%%1”scgeggegbove

t here rerral tst Iawmeamblcbgwal sequeladbie t@fmrmbteaysmmgvmhendesFmr@adaryple,leds of

recept or SIOS sui t abl e Ilnlca setln r exanpl e,
the LT~ 3R— I 50:?% tj %gﬁcnélgﬁﬁsmpuef\?ﬁp |§r§°% #e h bgc S owrh I?CI% monkey
cos cel |l s othcilgss G’Ibdﬁeﬁﬁssf'(ah‘ﬁmafet a\aaﬂ997t)erﬂus thﬁventfs oasmohem iSlSTNF gand wi t h

hi gh affini wher eas .t he ot her does p UBSTI TUTE SHEET ERULE 26) ~ 7
JUN ~p3 -4 Apascspar signalipgarp sotpesssagly 1pited mmens sysem HeBdtitd ng hi gher
yields @b tRarifdaieitoMabeptordéanbfockiibdhdbirdihgaid thak hid hé’\/@'cllﬁcdpafg\lﬂht?dnng t he
presence of the lower affinity form SUMVARY OF THE | NVENTI The present

i nventi on r 8pcdatibadiss geraitsr ¥y dmeived adgpaydayeadventages gyeryoleblels of the 5
form of profeidodsd nlsthloRasind@kicn R bitheR bl Mbdstn Hetlond to its 1igand,
referred to herein as the "active” rm form Dby culturing hosts
transfornmed wt thwnélrbﬁM|0ﬁgwtr¢¢ePtd!emcrh@t§dP&Ihwmprlewna thasmestr e system at a
| ow t enper af Uk m.sbri dged
protein for %%bl&tfh%gaﬁg‘}e{ﬁt @?\éﬂllﬁ{ éjgl}eltsg%g@pe %Fl%lr?ms%s tIlhgl qwgt {0 orfret hods of
expr essizng megmme@m that shtmmlmllmmi peoqns&a(s*ggmabqnﬂﬂ‘émajarbw%m cul turing

t ransf or ned hos ture. t 27 ref erably,
marmmal i an h6SPE ’\%’ Sﬁth%eﬁgu Cf?}?ré\ﬁa"al‘f" 'ﬁtecgﬁgeé’fha‘f'ﬁe tar&?wﬁﬁ&?ffhe’?ff to about
32C. In yet agflibgtionedraadiswentaad sthEis atd@ive Bggemtinates., 196)EtHR@etepbor t he
expr essi on of hlagtl‘{a# el ds of active fusion proteins by culturing

t r ansf or med “Hd%t dgither by pdmipisfrarian of thediganda h$- dhe napiAlPatiyaY oitlYr es.  When
the desired@fiafs@htdh oRERIBARE BRTAR clobblidR th¥ 8R8htor. LARIDBAIES BEy1Rd t enper at ures
are from about 10C to about 25C, nore preferably from about 15C to about 20
C. I n céPt ahdvaniagiostior B tepmer! ohi frerramplpernsesh ymedibe pitivpdipreangedigsi on
conprises a 5d BF 1dhP Seddd hot oxi n-/3
receptor or "gﬁgfhggrrent Fﬁcer;egfg.@p%?%g%%%a?@geILVKICﬁtéﬁJeh@I?g?VJ Emrret hods may
enconpass t liéssgmpingbshloed. @fgomst@e@qu@d a@@lseffuisve@nmpnmthennqatmnntaxﬁyarempr essi on
system at r I I n ot her
embodi mont s HeHEBEL A oxp BB R Bl VS TR b A By

fusions that are obtained by the cl ai rred met hods) and phar maceutl cal

conpositions conprising the@us's?nl’ﬁ& SﬂEE?ERlﬁ.’E’ﬁ iments, the invention
rel ates to nethods of



25 maki ng pharmaceutical preparations conprising culturing a host
transfornmed with DNA encoding a desired protein-lg fusion in a culture
system having a | ow tenperature of about 27C to about 357 puefagabl y about
27C to about 32C) to express a high yield of active fusion proteins,
recovering the active protein fusions fromthe culture systen) and
conbining the active fusion proteins recovered with a pharmaceutically
acceptable 30 caxrier. In preferred @hbodi ments, the protein-1g fusion

conprises a l)MRRRRbONHReAROH mquﬁus@,grr&e&,s&,hﬂﬁgt)mu@rimﬂ\éﬁ%gi@ﬂ edenky’ agneNt
t hereof . SUBSTI TUTE SHEET ( RULE 26) 1 7 JUN 233 -s In still other

enbodi ment s)are medigted Viaslep TV faptly sepeptetsat-2 dost inflammataty aeticalanidndposi t i ons
obt ai ned usi é}gﬁ:&cps&, .taneﬁ,%reﬁi@égag?mﬁganﬁm&escéoamoe ﬁe%!ﬁé?&l'eﬁ%té R e, f erent
el at es 1 as as

e
enbodi nment s o mamal | expressi on systens, we ot her
expressi on systanslpgisaleppl@stiongast, bacterial systens) or insect systens. In

certain enbodi nenis), the invention relates to t.hods. for, high |Levels of
expressi oh of ac{])ita(f)go’f‘l Yo eb’plf)bft@l“r? aP%BV/'@'a'E?y, ar{%Q‘aE%‘f%{nbcra{ R }hgw

t enper at ur estr@fmenh 6umdACFbexampld theXfas ([gandiy expfeset @ adthe/tumaldaud thiSC t o

about 20C. Active fusions obtained by thi t hod of expression in yeast,
and phar macetPreEgen %ﬁ“p"gé‘? &FS?‘Péh ?fcfaégwm‘?_z?{'ﬁmﬂﬁ%% “%gf’il?‘\tﬁé‘w teaBHY are al so
enconpassed. ofived iiRdsro@lad¥Rld iRnunb 8YstERE GH tHiCake, RMHER@SAf it s 8ys@neNconpassed
within the invention conprising active protein-lg fusions conprising

cul turing a Spalkthencadiop the igHpune susieryjorrepcDRANEIHBIBHIN Piich WaSIIOVEbRt REESSon at a
| ow t enpgg atg%g%ib@e{(%{r%qp&w@%», 10C to about 25C, nore preferably about

15C t o about e nost preferred enbodi nents of all the 15
conposi tions and Oretrinodsr ofthis keeeptonfemily, oire, lympletqrisbaa recemorf(UEBRIN conpri ses

a lynphotoxin-(3 receptor, HVEM, or .a fragneni thereof. BRI EE DESCRI PTI ON
oF B Doy Wess tePGTeR bitehebia hinidis bRt BRI Boul 1 1 hi o i ¢
protein. ThelyhphdtoRaapha SIAVEE cRaiRCrOM et @f, 19940 Y Dhi€ Bdcept@Gigand gk e, the

heavy chain variable domains are filled 20 with black lines and the |ight
chains are | BVeIvedhip the deyelepmangief|tee pesinbaraldppuas wetem a8d ereguiationPhwi ng of t he

LT(3R mol;ecul\Rpds iEthe Hinfpll nbB& ahd{pica & thb hdfurd Haidne RYBGK (WaRes)a1, 296k,
extracel l'ular (light bl apk i nes? dor'nsu ns. The ri 9 t panel depicts a
schemati c Mackay et al, 1997, Rennert et al, 1996; Rennert et al, 1997; Chaplin and Fu, 1998). A
lymphotoxin-f 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
20  Browning 1998). This blocking can furthermore lead to diminished autoimmune
disease in rodent models (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
25 is currently unknown, but a HVEM-Ig fusion protein may be useful for the treatment of

immunological disease and this construct has been shown to affect in vitro immune

function assays (Harrop, J.A., et al, 1998).

Despite the clinical advances of members of the TNF Family as discussed
above, there remains a need for a method of obtaining the desired yields of receptor Ig
30 fusions suitable for use in a clinical setting. For example, the LTBR-Ig protein can
come in two forms when expressed in either monkey cos cells or in Chinese hamster

ovary cells. One form binds ligand with high affinity whereas the other does not.

SUBSTITUTE SHEET (RULE 26)



drawi ng of the LT~3R-1g fusion protein. 25 Figure 2: Conceptual schematic
showing the likely defect in the dead LT(3R-Ig form although the actual
m sfol ded or msbridged am no acids have not been identifigg. LF ure 3:
SDS- PACE anal ysis of human LT~i R-1g before and after treat msn‘{ ' PNGase
F. Lanes 1 and 2 contain human LT~3R-1g purified from CHO cell culture 30
supernatant grown at 37 C using Protein A affinity chromatography. Lane 3
shows the sane preparation after tréatment with PNGase F to renpve all

NI nked ol 4g038€ GRAL |s4G8ed foff Rethod for bHRudRARENR 918 HhE RemGAR t i ons,
anee 5 and RABESHAE IsaT8ed oA Bethol forb (‘ﬁeu'[%ﬁga)s) 1°7 JUN 2pp3 -6 under
reduci ng cdnmflstwitiriggh affieitypwhifeminirhiaing theapresence ofithk ilovead affipity faamni ng t he gel
with Coomassie Brilliant Blye, Ai]glub ' IN Inguced SDS pol yacryl an de
gel analysis of the protei %%AG—H affinity colum [ anes
and t he pr ot ei nTat ptesit invértiop keldesTo platheghfat the lbxiréssion off high piekis ef the bef or e
affinity purifigcation i.s.shown in .t lane.on the right side of the gel.
The pr ot romapbRoE e Rip i ey A Gy Wi o RgmeRrormt Kihias o
Brilliant Blsue, “adtveFidml e fovn, Bdultbding Hobts tlamsfdrivesvwith DG Bncobiapviie fil | ed
circles) and el uted (,ugper filled s%uar es) fractions fromthe AGHL affinity
colum to iiesigedifgsiang in E‘étuFWﬂﬁ‘Btab*}(]i W.tc‘%%ﬁ“rﬂ“i‘.%erbéé@@ﬁ&@“g the ameyity val ues
ver e deri Vet ofi§oi ol AR RBAbroRirStoRSs. dRS GiveRAA in Faribit Bmbdi@nedmxanpl es of the
FACS profiles are shown on the right where the LT-3R-1g 15 is conpared to

t he bi ndi ngelafes i mesheds of expreasiag high pields &1 mampplipgcapressionfystgms. bal HI C

chr omat ogr : wgﬁq - | I g?%)s u a
decreas?‘%gacrg&pgr(lﬁ etﬁatm 0 g%ﬁﬁua&g@ﬁﬁ%tg@gfatgea Eqé g%{megbcebrblt g%tfﬁgg?"omer)

i nactive fopsmmpeakhosts Webd caltgred at xehperfukOF BB 211 @mabbut33%€¢.1 g. Fracti ons
20 corresponding to E}gaks 1 and 2 respectively wer eségool ed and anal yzed on
a 4 - 20% SDS- PAGFet gier qrbedisrensdhgiarraripn reiass 19 mpbodsiBeihe grprassiop sht ai ns t he
"macrive” MRLekibial of &@¥R RE&Kprbeins BP Buldirihd BansRirbd FostsTRE §éds@!  f rom peak 2 of
the H C chrofmatogram The starting matertal is shown in“lane "L". The |ane
| abel ed " Mexpresdien systemat owUtmperateies) NWherathi desised prgtefris grereapressedinepar at i ve H C
(hydr ophgbic_ interagcti chronmat ogra to hy of human LT~3R-1g
usi ng a’ ha)feﬁ%’g}'%pr Sﬁr?(g{émf%ratﬁﬁéaﬁe% OlTp n%%hb@(?{:g?n%oﬁtgiefﬁa g° (r)eE ré&ﬁ%i ng human
LTpR-1g i s fash Wisduedsod tb bbdat d°NaCl to a final concentration of 1.5 M NaCl,
20 nM sodi um phgsphat e, P?H 7.0 and | gaded onto the_columm. The col unm was
30 washed with dn adRbi Qg ofy the; clgimgd dnventyqy, WMP%%PM“&HBE%@ISES,E‘ pH 7.0 and
el uted wi t hyafndri G INERRHOSARRY SuchRbla Yyncbhotzkaﬁf%e@e@to% of EREGRANL S the tine
in mnutes, the Y-axis shows the absorbance at 280 nm Shown ~n the figure
insert is ttheedfnedemetively, SioRBIMFUMENSISERY eiduIpass21E) expression of a desired

20  fusion protein in any expression system at low temperatures, such as an insect or

bacterial system.

In other embodiments, the claimed invention encompasses the active protein-Ig
fusions that are obtained by the claimed methods, and pharmaceutical compositions
comprising them. In yet other embodiments, the invention relates to methods of

25  making pharmaceutical preparations comprising culturing a host transformed with DNA
encoding a desired protein-Ig fusion in a culture system having a low temperature of
about 27°C to about 35°C, preferably about 27°C to about 32°C, to express a high yield
of active fusion proteins, recovering the active protein fusions from the culture system,
and combining the active fusion proteins recovered with a pharmaceutically acceptable

30  carrier. In preferred embodiments, the protein-Ig fusion comprises a lymphotoxin-3 or

a fragment thereof, or HVEM, or a fragment thereof.

SUBSTITUTE SHEET (RULE 26)



1 7 JUN 2003 nonreducing 4-20% SDS- PAGE gel stained wth Coonassie
Brilliant Blue of the flow through (FT) and elution (E) pools. The

m gration positions of the "live" and "dead" forns are indicated with
arrows. 5 Figure 8: SDS PAGEl western bl ot analysis of hubAnJUNT2ER- | g
secreted fromCHO cells grown at different tenperatures. The CHO cell
supernatants grown at the indicated cuI ture tenperatures containing human
LT(i R-1g were anal yzed in duplicate Shy nonr educi ng SDS- PAGE el ect rophoresi s
usi ng 4-20% 0r agh giif ol ool @lnbAYGRL BmbE Y Eifon PUAEL b plarhufibgur € -
Effects of culture tenperature on the percentage of dead material in the

total anmpountompbsitienswhtalned bfng e setiodt describedm mammal i an cel |'s. Duplicate

fl asks cont ai ni r u I=i R 1g were

cul tured at the%ﬁ%c@%‘leﬁng gd%ter&geél&’%? J‘%ﬂ esl&)%gmh'uman LT(3R-1g was
pur| fied byexlaresmm gystéms; s sl amthgt eqlsressrmtsmsmph;ch aiprstpeaceanlt age of the
"inactive" formof, human LT(3R-1g was assesses in duplicate using

anal ytichl TFETEET BWeE 86519Bhy. The X-axis represents the culture

t enperat ure, t hdn Yer@ii emboliowats) einkemion rel@bs toimbaRkds i hightdvelsiofl expressed
as a percentage of the total anpunt of human LT~3R-1g secreted bé t he
p

cel I's. 20 Fi*giFedomef aciysfpsionRipislys BrysashRueulipringat fo SIMPRIvETGS Ph289Pepar ed at
28, 32 and g to g md%@s R d-bf%faﬁﬁ %&H@b@&d%ﬁt@fvcww e &lﬁr' ved from

cells culture 8 7Cwere nixed wth nonreduc ng SDS- PACGE
sanpl e buf f@:taxmdd:yelhlenmhothtnws:esioron ypase eadphaimR094c8DSmpAGEOgel s.  The
protein %ands wer e Vi sug " cogn%sassl R}he e. 1_he band marked with an
arrow ré resogwpgméﬂﬁﬁe Tk “%‘8 ﬁ—?\fE?\/f%%‘ ? P i'g & lf“égcul ar wei ght bands

vi si bl e on ﬁﬂaen@emtlcamrqmmmmhré mca:ggzrsmglam&ﬂm the inventidnicgtmpesidglactikACS anal ysi s
of the binding of HVEM I enerated at 37 v face Light and/or
Ui 1. ) PrRRiAGi5 a0F coemunig Ruis gt ettt it BNAGHT8E 203 cel | s
transf ect edgadirddFullbRR M%e&thaﬂaamwounWe% oupieer abRd at 32 C binds
better than 37 material. B). An exanple of the FACS profiles observed of
HVEM | g bi nptcﬁagabla[tabwtdé?ﬂb@mbotatm% Iofthezmczsgpmfenb@embmeltts*@fmﬁftm:t ed 293
calls. Cg SUBSTl TUTE SHEEA’ éﬁ]ULE 2?2) JUN. 2003 8

I compositions and methods of the invention, the protem g fusion comprises a

lymphotoxin-f receptor, HVEM, or a fragment thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1: Schematic of the receptor-immunoglobulin chimeric protein. The left panel
shows a cartoon of a typical IgG molecule, the heavy chain variable domains are filled

20  with black lines and the light chains are left white. The middle panel contains a
schematic drawing of the LTBR molecule including the intracellular (dark black lines)
and extracellular (light black lines) domains. The right panel depicts a schematic

drawing of the LTPBR-1g fusion protein.

25 Figure 2: Conceptual schematic showing the likely defect in the dead LTBR-Ig form,

although the actual misfolded or misbridged amino acids have not been identified.

Figure 3: SDS-PAGE analysis of human LTBR-Ig before and after treatment with
PNGase F. Lanes 1 and 2 contain human LTBR-Ig purified from CHO cell culture

30  supernatant grown at 37 °C using Protein A affinity chromatography. Lane 3 shows the
same preparation after treatment with PNGase F to remove all N-linked

oligosaccharides. Lane 1 is run under nonreducing conditions, lanes 2 and 3 are run

SUBSTITUTE SHEET (RULE 26)



A further exanple of the inproved binding of 32 C generated HVEM I g to the
surface of the 11-23 T cell hybridoma |ine which displayes both LI GHT and
surface | ynphotoxin-av(i (LTa~(3) conplex. 5 Figure 121 AJBNAgw;e anal ysi s
of the binding of LIGHT ligand at A) 37C, B) 32C;, C) 28C or | ynphotoxin-a
(LTa) ligand at D) 37C, E) 32C, F) 28C to Bl A core chips immobilized
HVEM | g generated at three different tenperatures. Each curve shows a

bi ndi ng event at one concentration 8f |igand and the follow ng

concentrati . ds : : . . : 47, 0. 23,
0.11 and 0.%@1&%@%&%& ghﬁgw%gba?%;gge‘aéltag@tdﬁé S%Z{Trlr%gqlg%gﬁlgggl i ndi cating
t hat equal GoemastisBuolhantddept or-1g were bound. DETAI LED DESCRI | ' TI ON
Reference will now be made in detail to the clainmed invention. This

i nvention concerns the ability to produce high | evels of functional or
active For rigwfe 4: AmMonfglel SDSpofyacylamide eltadilnss offthe proepi fiovdng N t he TNF
famly. The succes f clinical 15 interventions Wt ceptor-1g fuison
brotel ns 1 P SCRbAfnE peimp ben il ROl et 11th gHEC BPSREehr on; oal | y
or a m ni MuyRREKrTHeGraléis BasR iy @arifidz86@lslshowiheRAam drohsrigh seiweh f usi on
proteins for human use will not have anél aggregat ed, inactive or m sfol ded

forms as t HBS gelpTRsRIAEE Rands arg Wenghizediby stapweahe 8¢ githGoamassisBrahentt he al tered
structures pgul d elicit antibody responses that nay facilitate clearing of
the drug thereby reducing 20 tts potency. Moreover, anti-receptor

anti bodies can directly cross link natural receptor on the cell surfaces

t her eby act4. iang I LSt i j t e descri bed
in Br ovﬂ?ngﬁlg@easp ) fg’glgmff ﬁﬁo%g'gﬁ{gé'?l%%&afﬁ@6@%?%?%%# t%’@é@@“tfﬂfegasyst em and
t hus f urt hesquares) épitims frgmitheeAGHE affmityregluibe td esdstoashffae tiymghomxineven
detrinental . By "inmunogl obulin fusiqn. proteins' efer .to. any fusion of
any T unct | GHEA™ THEFSBREMisnsiderabrvers Ay From AR el it dStCHBly pept i de
with any portion of the imunogl obulin constant regions) e.g. the CH, CH2

or CH3 domains or conbinations thereof. Preferably the pol yﬁggti de is a
[

nmenber of tHgureNB: fExamples of the EAEP PEfides amriboyp er the mighoyherg Ré¢ ecul e nay
derive o] 44 Y I lofulif, i sotypes) including) for
exanpl e?jrl rg%m‘fag@tg’ gbl\/rl%r}ggcx%g%m 5’%%%% d]‘tgrr]ri |y of receptors” we 30 refer
to any receptor) whether naturally nmenbrane bound or secreted (as in the

case of ostgoprotegeri.n jch has the,canopi TNF fam st ei ne
e gt ng oaiegret AR e S PR L e iz d AROY S Cof Tt he
TNF fam |y @funhd SaRdscting grannsTandhondn sulf@83 PeakTh@pbadtsiBowByenti on in

ot her enbodinents relates to TNF fam |y receptor SUBSTI TUTE SHEET (RULE 26)
~ r ~uN z~ inggtive fprmyeeals & shedpygen #raive foymohbumanildsiedFeactiensed herein, as wel |

as to phar I & rakl . oS R p. poptein is
expressgdg {Eﬁ)ﬁ?%h@%t c?ﬁqnﬁgﬁg%ﬁ%%lggggeﬁﬁglfa%qr?g}syg Aa%rflsfjeirwgvary cells.
One f or m bi $128PAGHpet(inseittidd fangjh Theflaneilabgled ' Hecohaas ithed ‘inabiovethnfitenihler eas t he
ot her, the ;inactive" rm does q e dnis i xtour f. live and.dead fornms
has not beefrr]c’"&g%ac rli' a@%E %‘ree\a}fgggslp?/qgﬁ%rﬁogl ea%? Oﬁtﬁ%%ﬁhrﬂ@gﬁﬁag’r Tﬂa fusion
proteins, hoaenvemitetidiés shatvn irclaaf 1’ h&hé lanciibalel ‘Mt dontatnsmadlecalaeatighiThe t wo
forms were di icover ed by the presence of two bands in an SDS- PAGE anal ysi s.
The expressB#*“Hat eri al contai ns considerabl e gl ycosyl ati on heterogeneity;
however ps t hi s heterogeneity nost 10 |ikely does not result in the

functional problens described here. For exanple, when the receptor is

expr essed adigures Preprrati yedhEriBYdrephpbie interaction shyompogtapin shremsiognehdonai n and
t he i muno i . i - C@r&@ I - I cosyl at ed
forns are g‘t@@%@?ﬁ%&% ﬁgﬁs%){]}%qag{?%ha)ds ougFgﬁg%;?g‘%“é‘Wé‘?‘gﬁ?‘fd%‘?‘l&% can be

i nMunopr eci qintadtigrhuiman BIDAR; Ig dmnadjintddoaiciys MINAC] s figh caresntauiby of LML | onal
forns. Moregver, the affi 15 rified fornms have sim/lar glycosylation
het er ogenei Y31 1M Jodivg) gro Rbéteslg'gwIaé‘f@a?qqé’f‘mtth%“g%‘?'eg@iCBW"B‘fwaé

non- menhy an@asaeERRE 8 dolliRETR 1SPINACY, DM s8dEhPABGIphate, i 7.0 i dibtBki Ng
opriate crosslinking between the two arns of the

resulting in inappr g t WO arn

recept or - | gVidh %%F’R” spdrmTRiosphate PR 7 §f The &epsisdpriesgein diedima in minuteseihe at ed

domai ns i n {heis@KdwAREIYsHbace 20280 IndRMhoRh RO 8 g RO rsE R (N iH%gé‘QlOa_Ut 3 _
disul fide bridges per domain. It is conceivable that inapproapriate folding
woul d | ead to either an incorrect pattern of disul phide bonds or the |ack
of sonme formation of disul phide bonds (illustrated schematically in figure
2). In the case of a receptg(s i i it appears that the early
fol ding of the Fc donmain engngngﬁihgﬁgggg%gﬁ?’dinerization whi ch brings
the two LTBR chains, i.e. the 25 two receptor arns, into close proximty.

If the receptor domains have not yet conpleted their folding) then there is
the potential for free sulfhydryls to pair between the arns, i.e. interarm

R I



-10 Lastly, in the TNFR55 receptor) the fourth domain, i.e. the domain

cl osest to the transnenbrane regi on has been denonstrated to be critical
for ligand binding when the receptor was expressed as ap Iwgaol on protein
(Marsters et al, 1992). This donmain may be critical for Izra 3TNF
receptors. Another study on TNFR55 showed that it was 5 critical only in
the context of the Ig fusion protein) and that the nenbrane form | acking
the fourth domain was fully active 7h binding TNF |igand (Corcoran et al)
1994)) HowelGleundihy £20BRERUIAGE £41%BIRY VAR CRBRRSICERHiNP BRI B, nted to

possible critica unctions associated wth the four main (Naismth et
al, 1996). titesgh GUD v cdoioni(R) poslsy dhamigraiop posihensiof e “bee \eseidesgeci es yet
| acks direc 0 t i | igand (Banner 1o et al) 1993). It is
possi bl e thfté) Slag‘%@?lg?t% I‘Fé@‘{’\ﬁsg in this region between the two fourth

domai ns which lie next to the hinge and CH2+CH3 Fc domai ns woul d not

iably alt I f t I I d b
e oD YieteS, SR 8RR S i o CF F oSBT, 20y
woul d exhi biefjs gﬁwﬁ'a{cﬁffle&htgféﬁ%rmx’@éjTHQCHBG&EE&&ﬁﬁtah@ &h R ReVndcQmai ns

could behave in a simlar fashion. 15 Reducing the the tenperature during
cel | cul t uraltnredempesturescoptaiping iuoan LTPRHg wereahalyzed imilufliodtelbyl smal | er form

(i.e. the inact,ve in ecreted, IS 1 pprovepent |.s presumably due
to a reduce’H’"fegF%?%%ﬁé'?f\g%gefecﬁ 0538153?88%?{5@%’ Wﬁg‘%ﬂ%@aw 4?yow for nore
time to folwestdneblbmdg.vi dual domai ns of the LT(3R portion prior to
assenbling the receptor-1g fusion protein into the expected dinmer form The
absol ut éotenperature 20 required to sl ow down the folding process is host
dependent . FigirePBRIRE 3Nc1l@lel témpdratre omperckxh@%ecdfabmﬂatem hade pr£f er abl y
occurs at tenperatures of about 27C to about 35 C, nore preferably, the

t enper at ur eanaintdsdymanp ZELR g sepisied fropanangnaliansellnePepligate dlbsk® can be used in
yeast culture, syst .yeast.culture eds rown, at .t erat ures of
Tbout 10 tisniam BB eSO L2 de % Ml AR08 1

achi eve si gpiiticeinpLenRt kid thEXdtetidhaa®NTER-IE Was surdedBdpioRycAt i on al | ows
the correct folding of active protein Ig fusions. It nay be desirable, in
sone ci ttumaffivibcbmatagraphy.olhecperdentggecaiitiie “anactivegferm af dumer BTBR-d&was or

exanpl e, abgut C. t . i Lch.on very | evel of
expression %%]CS?%Z%“ %ﬁpgﬁag%l?sgénaégl&qi ‘i#’@:@ﬁ?‘%ﬁ&?"é‘?' tr ﬁ%%éfé(g‘c‘l rér{%%sgéYrs %hv%t h peri od)
t he 30 f usiaitarecampebeturexhs ¥szsdhats thdr@ndunnoft ‘trapeved imateial expesed adace an
increased yield of active fusions. T wte ratures in manmal i an
systens) asPeEfeRRERYd t&ﬁg%?“"é? “BPBE&P%‘§$ ?Cﬁ%ﬁ’tﬁmﬁi'o about 35C, nore
preferably about SUBSTI TUTE SHEET ( RULE 26) .~ 7 JUN 2p3 -1l 27C to about
32C. Thus) the cl ai med nethods, bg | owering the tenperature at which the
pr ot ei n2¢ g Figaredfs Nepeedeocips HA5BAGEanalysis of iIg pegarpdhatt28e32and to regul ate
the foldin : : : ' t I ' jd ed protein.
Addi ti onal %yféugfgrﬁég‘;"% E“@fﬁéfﬁﬁgﬂ“@@fﬁggﬁ%gﬁ gﬁf‘;ﬁgﬂg&fc?ﬂ? ‘E‘{]}ﬁ%egg%é t he
convent i onal2, elt H@wegr apbd witke cdrmedyuiag SDERA @asamplebyffier arffdy t he acti ve

fractions syfficiently to u chi i c proteins to, block i nol ogi cal
functi on i relpPsEe Pr atcdt *2bERRAEE sSaOHR MR it et P e

met hods havivittgcdofaksiesTine 'ele bafd firked with &P4eroworepretdtsanshgregatd® HvEM-y east )
cell culture conditions, it is now possible to prepare 1o culture

super natant 18t Ha¢ higker malgeplar weight bards visible pruthe gl sarrgspard topgeresfsh of human
LT(3R-1g. Maegover, it is possible that other nenbers of this famly of
receptors suffer fromsimlar problens. For exanple, we see two simlar
bands on non-reduci ng SDS PAGE for the TNFR55-1g (also called the p55 or
p60 TNFR). &i,0idac! i [ 3 ] Yank ptor called
HVEM ar e | n@?gl\'/elela' I%A ’Csste@?gglg %ﬁ%@nh@ﬁﬁﬂ?@ﬁﬁﬂg%@ a du%‘(’??. vs%éﬁi gq?\ecept or may
form an exasydfaee loghtand/pritTee. akBindingiof I VEM-Ty asaduridiien eora¢rgration obvi ous si ze

di fferences,i.,n the teri ma he .vari ous t erat ur Nonet hel ess,
regar dl €8s ?ﬁ%‘fwgf?ﬂaiwgﬁumwgﬁ@?‘&i SII%‘II“%IJ’HHBWI@@?W t‘idé’égfps in a higher
percent age hdd ewaitRm 35akdtéal. OB). AG ERAKEE SFRSFADS Profifds o¥@redsf ON proteins in
preparations_of the se and other nmenber of the TNF famly. 20 Exanpl es
Exanpl o 1. BV rhindinzct s concatiaio echusinb & RGN rapetoried Afisein an LT(3R | g
The LT(iR-1g protein (Figure 1) when secreted fromeither COS or CHO cells
transfected with a plasm d can be purified using standard protein A based
affinity 25 chromat ographic kfked protein consists of two
cl osely spaced bands at aboagg%ﬁggi%gﬁgﬁrwgrﬁgduci ng SDS acryl am de gel
(Figure 3). The two bands differ by about 5 kDa in apparent size. Wen the
protein is reduced, essentially two bands at about 50 kDa are resol ved
resulting from heterogeneous glycosylation (Figure 3). The two bands

o o o o o Y




SUBSTI TUTE SHEET (RULE 26) 1 7 JUN 20D3 -12 al, 1996). Antibodies from
this group bind directly to the |igand binding region as evidenced by the
observation that an Fab fragnment of BDAB can still block, Goup Il mAbs can
al so bl ock ligand binding, however) in biol ogical assaﬂs7~WNeﬂﬂinAbs show
m xed agoni st and ant agoni st behavi or. When one nmakes an affinity col um
fromthese 5 mAbs (AGHL was used in these experinents) and applies the
m xture of large and small fornms of-%the LTpR-1g) the smaller formof the
receptor fl h h [ f mat ri x. Low
ot ol ut 1 on 4 1BPGEHGHIR LS b hiihe 32T hirfed iRl g™ 1
fractions wefltlera%mceluh)fmﬂomhﬁnerwlam dibglayes botli)LI(EHdedu&a&urface phorbol
ester activated I1-2 T C II a bridoma cells, i.e. cells expressing to
surface |yrPRBIGKH ‘described in Browning et al, 1995), and
only the fraction that bound to the mAb was abIe to bind to surface
| ynmphot oxi n. The fIOM/throuqh fraction, i. | ower MW band was

a

€.
conpl et € y Figaret2y & Bicgigrapalpys 0f§ﬁ&t¢t&<§|ﬁl9HTéwﬂ&%ét)éF.@sBWGnCt:Ho cells
stably trangiesiRshhtokih- &tLero!)TBBdagD?WtStE) gst; pyRRe tcPﬁﬁ@E‘&ie 9M§‘s" a protein A
colum to isolate the protein. Pure protein was 15 eluted with 25 nM sodi um
phosphat e bmnfobilized HYEM2Igengrated hidhipe diffeient teroprratines. nigach cerye shoms aner e
neutralize I ol u i hospha H 8 6.
| mmunopr ecﬂb%%ﬁev rrllt;aQ\(?\A/eerceongEF?uog 64}4&}%9%%\%4%&#@) CI(;)Bf1 éeﬁ itgons Vel With 3 ug of
LT(i R-1 g angnploye@ 80, 1815, 37FpRIMAD3f 47, 088D, blyandaytt upel. dfack Eiﬁpwﬂb with

b, andihot KRG OB HRND KEELIERICRE W RSN aRut el oo sy

centrifugation and the super npEgAIL BIMBESCRITEONOf I emai ni ng i munogl obul i n
with protein A sepharose. Beads were treated with SDS PAGE sanpl e buffer
(no reduci ng agdsterensailt prw brynadsin detail todherdaimehingentors. PGIvgRIs. Gel s were

run and tr%ﬁé&tsrtﬁ@asmy%ﬁxmql ﬁrgtemepfuﬁmtnhlo?ta&ﬁ,@ fitfslos ant i - human | gG Fc
fragnent conjugated to horse radi sh peroxidase (LT(3R mAb 25 fol |l owed by
anti - nouse nmg@nambl&mdusammﬂcmptmw@me thbckNEe faimbly. dhe sueresg dimbinichlan} . To
exploit the 3 g e ctive form of
LT(3R | bsf an%R’é‘n_ﬁonX ]yv?t;t ré%ggj%r %Pﬁttson é‘\'/aellﬂﬂeég rek o d&f?(s)tgl% 5%%@%3 zglg?h v at ed

sephar ose (dBilay manaaethcmusxﬁabea/\myumwﬂ )iumtgxﬁseahemgretsolmnubmparaucms sf prot ocol .
The col um S, 30 ex en?fj V'FF5‘¥ wash@ t h PBS anc{ %he r ot ei, %ﬁﬁ urified
LT~3R- 1 g wel® {SOR BEPLEANFJOR hiariam UsR, H‘P@tﬁdﬁ AoteerEriey ! @0&5’?‘ s washed
with PBS andmidwthend pﬂis@ﬁbe\hﬁlﬂ lfedd&e thdvpaady ufthp bgpRd@he hitdkl drucfafedCt | ONS
contai ning eluant were imedi ately neutralized as d%SCI‘I bed above. Protein

concent r at | GHY! gt %“ttﬁ’éti)e'ieFﬁoﬁ%ﬁa th), may, egififse ficaring pidhe drug theshirrefugipg £ 26) 1

7 J U N,@200g& poae%cﬁtmaéevemthes&uﬁtbhﬁnbmés cin &re@ﬂ&r&etﬁtdk%tum%tpﬁorl ng/m .
The flowthrough and el ution pools containing 3R-1g were tested for

bi ndi ng by @Ahsceélrﬁarfgc@s therely préiyatingtieean, eBraeamtwgmeltodsGS)suci%tt)ose The

fl owthrou i AES i g surface
LT \/\/nereasg(%‘é g‘?tnt}?[ghvgl}ﬂg\éfgrlg%al ned‘,\?&?}%dé it %Sggté:\{a?vtﬁ%(@gtg@gﬂpl e 2.
Convent i onathuscﬂuxtmwogma}xhteetm;eq@amaatbc ens dfecmwe emlcﬂedmmoﬂponent s of

human L T( 3R‘ I gtunrg? b%pfjguﬁtonSt r%gs L\IJea}-eferdtlofa}cte ence I\IA%{)IF]al p(()j\%onsgoﬁge and

smal | MNco one above are esi
separ at pon met::hmdsmmungamoﬁmpntypmaé wftlﬁ)antmfoﬁtmtaﬁgfeamhmnsglmn As an

exanpl e, the protein can be filtration.in PBS to obtain

parti al sepcé’r“gff“?té"rg‘?ﬂs etgtéhelcatﬂgéﬁga?ﬁé}@r?ﬁma‘é‘? Of AMbinatiqnsdieal; epar at i ons can
then agai n Befeapl thegblypeplideas & ABMbE QK thTNFTaal af Bceptop armdipbRidss &f t he
llarger and smaller forns of human LT/3R-1g that are greater than 90%

enriched i nthe Feemplecyliomey desive R GRLA e varioasimianpglePyin isgedphobi ¢

interacti Oﬂnahﬁni?é“?&%m{ﬂ@)/{géﬂlgé}z QQQ lgﬁ ekeS IMNEMER 1 OF BGRIRY Gt NE sane
result. The otein mxture is ted with amonium sulfate, | oaded on the
H C col &m mieatoany rcrcaptgewaﬁhermm"ywmmeh@@d@r eeccntefdf(esnemltqcatequ el ut ed
with a decr ne t '

separ at i on SIRpReeny: wHbERlsibcnoRAPINE BERG SAAML biaR% ebBIN AT, ¢ o)
These net hodeepas wivath|birals td hdefinedimerabdr ohiht INFdahibdofdgsudsi (bg.Baabaee ar e

useful to pre e nount s f the 20 | arge an paratlons of
human LT~3 -1%3 ut é:ga{/neEdrm‘é nomt?ecfjeergl?re "Sreatehgat)l\rn:e%énrl {5t | ar ge
amounts of these conponents for pharmaceutical use. Applicants have

i nvented a new nethod by ad j to resins that can be
obt ai ned in bulk and have |§§ﬁ%ﬂ??§gggﬁ%€@%$gphy conditions that permt
the small form of human LTpR-1g naterial to flow through the colum while
the | arge conponent is 25 retained and can be selectively eluted (Figure
6). The eluted materi aI can be subj ect ed to a f| n| Shl ng step such as 5| ze

e o o o o o, o,



SUBSTI TUTE SHEET (RULE 26) 1 7 JUN 2003 -14 A). Analytical hydrophobic

i nteraction chromat ography (H C) can be used as a guantitative assay to
assess the anounts of inactive LT/3R-1g Baseline rﬁts)t)?]uti on of the smaller)
i nactive and the | arger, active conponents of reco 2l fgsran LT~R-1g was
achi eved on a Perseptive Biosystens Poros ether/m5 colum (4.6x100 nm

cat al ogue No. P091Mb26) equilibrated in 1.5 M anmmoni um sul fate and
subsequent elution in a decreasing '@'r adi ent of ammoni um sul fate. The

LT(3R- 19 prigpaicht bSamed' sy e HelhbdseflschRe@ndi@in 8 Well a6 todfhadhaclibag/ Nl and
brought to a final buffer conposition of 1.5 M ammonium sul fate, 20 mMV

sodi um phosperefasiongqmprigipgthedr A). A portion (1 m containing 100 p,g of

protein) was |o ) - .t T - m was washed
N th 8 moof BuPRap o {ExEREaRi e Bt gl Lo BRAR TE

di ff er ent i elamgteebuirectilnv Ofe farrh bindaligagd avith @iph affinity ahe Gacadi”dodim vol une of 16. 6
m ) from 100% buffer, A taq.100%huffer B (20 nM sodiym phos te, pH 9)

ol 1 o by 7R U CHHET Bec e P T<PER P, TR LTR GhH EPRERE Ras o € o ed
for absor bafag Gotdeer?dederibedl prEhRudMI O Bn ST ARETNF Rcaidsi-IE Alsldngebieid, at anbi ent
tenperature 15 using a coFurm flowrate of 1. m/mn. The elution profile of

9 m 1 . :
a represent‘é’t‘ﬁe\‘?@' ‘Qﬁéﬁ“%io&%_‘%FWCJH%MPW&H‘PES‘W%W Yeie C#f’“@ﬂ"rr%d 5. Peak 1
cont ai ns t hg, thdigeich¥of tw66dnd® h AXDIERBE sndiAf. ahb bMBeskéRibn Oof LT-R-1g.
In order to'quantify the relative contribution of the two forns, the peak
areas wer e dontaing cansidgrableighirgosytptiorheteregempitis hpwiever. triehateroggneitrmesit egr at | on

sof twar g, 2|9<e§>do§£r?o??ersﬁﬁ ln%R? RxH&iofn%ﬂcp%ﬂl &%Ecriﬁgérﬁé?e rﬁ&%%'edfgre\kfhfkﬁ/gi R1g.

Clarification’and concentration of ‘conditioned nedia: bri s was
removed fr oneeh®k isckpreesad ad d ohbtt mesmerié formdaking thier toamsiGtiibraied domagecr et i ng

r econbi nant ~i.R-| ing.dead end filtrati rough a 5 ol ypr opyl ene
St e, 25 walnimmtpdpe i 5E aHen Rive, merah AP hked o Rce B

fol | owed byotRerded Botiphgl€@id dbuble glycdsylate for chn bed Genundprbdipip@aayCor p.

Bedf or d, N@ﬁ)i The clarified nedia was concentrated b\y ultra filtration to
appr oxi mat ePYAY: 4t apdhady ”\ah'ie%%g“éiw %ﬁf‘f“&f’] foymsy MreRrERiied i t ri dges

(Ami conys Beygifibd forMhhave QIMIRE EI9EbsiIatichaHetePsendity O MRk NiIR 1y Wk s pchi¥te that

Chr omat ogr aphy: The concentrated conditioned nmedi umwas 30 passed by
gravity thribegpressionafa mngnembiang agehorrgifomelemsde semeaherdrh diswdids a) col um at
4C. The col | f (= ining 0.5 M
NaCl, and 5@{%!] gﬁ?ﬁg}é‘gﬁﬁgppﬁ m&%p%ﬂ]%@%bgggfnnggﬁ?/%g Olﬁgi&)%&'t%tgIl igol unm was
washed wi t hdigemil of 25 mM sodi um phosphate) pH 5.5. The bound LT(3R-1g was
el uted by gravi T TUT. T (R 7 N 2~3 -1 ith 25 nV
sodi um phosphat tél?ﬁe?g%% %@TW%FC%EEﬁ gf.geégbn%'%%‘)feq‘[?d;d@ﬂagn#sln éﬁﬁ’“faﬁia%u\é\%rat ely
neut r al e edigand binBing pdrtiod wih Sbdvt 3 didultide idpspeatiemaipHit& d@ncdivabetthaons

contai ning protein re identified. absorption s trQs ool ed and
Sror ad at ABEPPRYRTBEREHPU ot BB B RHR RRRSD LI R B B of 1A

el ution poohe (2806fsontc f@NRARECE HisufhideBorfs (RuStratd/sBlemaneslydh fiptired), Wi th 40 ni
of 3 Msodiumchlorjde, 40 nM sodi um phosphate pH 7 and 20 mM_of 1.5 M

sodi um chl oinitefeasexs artepotilafisiphersisiiatt appsers thaf the partloldinesf thedice at anbi ent
Lenper at ur ClomaFell i £8:000 aHRRABRIRNDRAS i ARLTERCHAT (. ficm) Source

PHLS (Phanmacia) Piscataway NJ) at a flow 1o Tate of m/mn. The colum
was was@ed twotrerepgr gmsgiftoxlase Mo igaityu if thhicornitatdlomaips havegioieum phosphate pH 7

phoophat e pi St &0 A en B4R SRUBRCRIPree MR BB e e 1) et

was noni t orthel arats, 8 hteranmabmidighgnBudhrinatiectfelding mety oodur.ax disdfidEl ut i on

fractions cgntai.nin r N re i.dentified by UV absorption, spectroscopy,
pool ed and et é'ag y%§8E %ﬂfc" |e§ﬁ?@y‘}ry‘}é?)’&%ogéér@tngtato?éi)afiggﬂrm?ﬂ C elution
profile. Unglaulfidelakages aitshitli ¢a8erdgadingeo foding érvoes. Ieds @lsb pbssibleoma t hr ough t he
colum and t he ag‘tpi ve material ~s bound to th«? resin. The fi gHre 7 insert
cont ai nS0 a BETFCiPdinEPorsy A oRe HMje- WirarHR fPIqiRe wros phegeeh Py si s of the

f ol | ow t hr otetfls ARG kddhilk @&@dlg,diff&éi@% & ¥Ethe finaPhbfecEl C inlfids Qfke, _

Chr omat ogr aphy: Approxi mately 100 mi 'gyl' /m) of the 20 HI C elution pool
cont ai ni ng H¥e AHIPAFEVEORPOMANIYS befeadi (rswwzglew@flécwwes&ﬁ@lrsgmd by
ultrafiltrati@igsto 9 m using a centriprep30 concentrator (Am con, Beverly,
MA). The concentrate ( 10.3 ng/m ) was | oaded onto a 1.6x 100 cm Superose-6
prep grade (Pharnmacia, Uppsala, Sweden) colum equilibrated in PBS at a
flowrate of Im/mn. The egfjgAfyTease @l‘?ﬁtzg)d in 3 m fractions.
Fractions containing protein were 25 identified by UV absorption
spectroscopy. Selected fractions were anal yzed for aggregate content at a 3
p, g/l ane | oad usi ng NR SDS- PAGE gel el ectrophoresis. Fractions with m nimal
vi si bl e aggregate were pool ed and stored frozen at -70C. In this fashion,

o o o N . e Y b1 .



30 Exanple 3. Low tenperature fernentation conditions enrich for the |arge,
active conponent of human LT~i R=lIg during the cell culture stage. Under
conventional mammalian cell culture conditions, human Ll 3R-1g is

SUBSTI TUTE SHEET (RULE 26) 1 7 JUN 2003 -16 secreted &d dUWiXBure of
approximately 50% smal |l and 50% | ar ge coagpanents. Using bacul ovirus :
infected insect cells to express the sane protein results in drastically
reduced | evels of the small form As insect ceIIs are cultured at 28C) we

explored if hunma - | reted own .at | ow
Conper at ur e woul iR 0 EPESIERr AP TP, 58 RN SBiP B e “Shown
in Figure 8 iahemdnitRarRuELsmiads dednSlefbositatetiitd l&&irﬂtlﬁalﬁ'ﬁdfgeﬁd bigdihg waen dhd ( 3R- 1 g
cultured in T-flasks at 28, 30) 33, 35, nd 37C a ed by western blot.
The | arge ardEFeBIPRIVPS FBreRted @ e Uy prafgin Mﬂﬁ&%ﬁeta ﬁes’f@mdomamtw cul tures
grown at 33 be%ﬁncaamnﬁzycofwbecéw&gl Anbihk Rn aINFRBS sidWllthd @rwiscan be
seen in the |anes containing culture supernatant fromcells grown at 30 and
28C. Thus, xotifadaelyime consext ehthe fafusipepraiein, aul thet|the membrancfonn tagking cal | y
reduces the lg. To
quantify the%w fléc})lfrllanlisE/%ﬁl %Av[\lgee% ceﬂé[@:ﬁﬁ {ngéggr%pwg?gtt%ﬁgb?nd t he extent
of the enri duventr, fnore redaetly arygtelﬂqgr@btmaudya‘emamcpbmtndnmpostsibtmnhga)l duplicate
culture flasks, were Set 4y r I from28- 37C
in one degr %"Ctlﬁ R RO edv%!ﬁpe g?h m%\n g\?afs?xﬁﬁte? purl ’@89‘% ﬁ ELP~3R-Ig 15
sanpl es wer gs amwg&ye@sh‘yecﬁlﬁbﬁif&hlspmles Ht@c&hmm@gxmphm th@hgitidi(ﬂdnﬁgt t he
ratio of the s e conponent s of hman LT( 3R- prese |nthe

pr epar at}onset@nﬁg\?édﬂfsrmlg]éltl]a% %Wq’“ggmgﬂbl ’dﬁﬂ“@‘r@ﬁ‘l’eeﬂgﬁﬂ 5?‘{5‘5‘

shown gr aphigegdainy whith 'ﬁb d&Nt €0 fle hinBSarRNCHICHD Fcl ddghal i@ WRN 3R Ebpk bl Y

decr eases apﬁrom mately 5 fold en the culture tenperature is Iowered from

37 to 32 C efvsbwlﬁ'galﬁfwée elihe melecyle rsienseuray hednvigiblein sepased t he 20 anount
of the | OWeleefsoyiilh Bilfnold) Worildsd ﬁﬁ%na%&wcsu@d LA Qﬁalréﬁh%ﬁ'd SifdHL.L s show
that reducing the culture tenperature egrees from C
dramat i cal | yRedeptore having anhyed @nmﬁmtcomlﬂ b@me Qmaﬂlmém fmmooorrponent) thus
increasing the y i @fthe I g.
Based onf}t hese dkg%‘fél" tf&ttl‘c}'?tee é%%écr a?’ Eé}é[egl o? quggggﬁ%i gg@n#\}egfﬁglyge egt ed to
test if thesk misﬁ:dxiedamaltlnnﬁomr(ué dhebieactiupforophedy secret@d | Emgen;%vcmal |e under

condi tions that u d be nuf act uri

secreting r SCEHBE %lﬂ‘fe tﬂﬁﬁ‘ﬁﬁcq_d%blgﬁglrﬂe? ?pq{%pg@eﬁﬂ% ‘Elga IcoQirowth in
suspensi on. pRé tikb &SRIdaNPRBIVIIRALdmaind 8f € LTER Y6HiSn §HEMB a§s@m§iﬂ@5thé I es
approaching 2x10 cells/nl at 37 Cthe culture was diluted with

appr oxi mat elrcertor kg fusiensproringpiowheexpectidalimerdorn cThsabeddute tenperagint i | t he
cell viapili 8C during
t he progﬁct |r$%lrg(?1§§2ﬁg?@§4 tﬁﬁﬁﬁr@prkﬁ@@%gﬁ;@? %dég%%f)yﬁ(ﬁomer evgellltg%oe1e2 t he

i deadi corrp(ﬂﬂmt th alainied nictinall préferablp stcurs| at teywpsratun¢senf @lsduit QUCtto abmt 85 t hat

N O e e

several fol disbR&l RARES inJekk e sybtbrh€ 'Y EAVRAItErE nbdds € Kb ¥ gXCl uswely at 37
C was obtained in the harvested conditioned nedia. The specific conditions

t hat were udenperaturesad aBout 40 Rebayt 35Hs preferablefrern sbout BEE bebaw20iGii ti al data

suggests, th . ture tenmperature results in simlar benefits
i n other hogé aJh?‘é}?En Hﬁ%a&lgﬁenggﬂ yeast, It is interesting that in yeast, the

beneficial eff ecEx:platatxbmmf ﬂheulpmfeaﬁmmqnmndwsmb@mm foldibgefractivt padteiruch | ower

t enperat ure han in | i c Yeast cultured at 3QC produce

pr edonmi nant Ii%h'ts‘r%s i ThiRay E %’S‘F%’?‘H" Q‘,)metcﬁ?‘ﬂ’ésm@?w owgl?gfogg}ﬁtg} ®about an
equal m Xt Ul Jﬁiatﬁrbsefdr@%ﬁls]a%&mdm%lamtWomumctvrﬁw5 £%ery RENted at 16
C produce predom nately the active formof human lo LTRR-1g. These

observat i onéevsuggémsswnﬁ theslonedgape will eqcur. fAfterthetdgsired gramth periadsiiet i n
signifi Cﬁ%nt lf\YSlcms ONELe oprebdd ahe foRGeRFddnt s, (O FBARE A irRfealld PR &T 3R 19 1 n

any secret
actwe fusions. The low temperatures in mammalian systems, as discussed above, are

preferably about 27°C to about 35°C, more preferably about
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hgst system One skilled in the art can easily determ ne the opti nal
production tenperatures for each system Here we provide a detail ed exanple
of how this process was applied to the is production of p}pggl %NqTV\D cel |l
cul ture nethods were devel oped that take advantage of the'f * at
reducing the cell culture tenperature ii__\ﬁn_ifi cantly reduces the amount of
the inactive conponents present in LT(iR-1g secreted fromhost cells. An
addi ti onal, unexpected benefit of |ow tenperature fernmentation is a several
fold inprov ' pdcer when conpared to traditional fernentation runs
carried out ngl%gbgl%é?@}abl e Il 20 summarizes the conparative yields and

t he rel ati ve anolinsstheflaimedaethods, bY Rvekigg tengnpeestirs aoblich the gronin-Fg t wo

different cell lines transfected wth different LTpR-1lg con ucts which

varied 1n ¢ fision pEareeehAyRg o lefih O ot BB n R B b T or "t <

exanpl e) . 2%rodein 84 theTd pofiiont of tBe B¥sREESESHeinCHO cel | s secreting human LTaR-1g

that had been adapted to growh in suspension were grown in DMaHAM s F-12
¥

growth médi a (seddditienally.using fisichipedueprenrehdpg2tininandiydhess, 140 mg/L

strept onyci Bonv@ftthnRQEhiMakogBPRY REMEqURs, oh@EanSHo@ RiifPthe hitle faGHBhs SPi nner
flasks were 1 nocul ated at approxi mately 2x105 cells/m in growh nmedia. The

cul tures wesefigesiyto ate tRychimerieprapinemdblol immynelpgiedl duncomingdiariayst y  of

appr oxi mat el 3 106 Ol dalilh -th% 8k be PHAREASAANT 1 RULOGLY ppinner

cul tures were ¢o I'nocu e sca p bforeactor contal ni ng

appr oxi mat eByeClRkCHO @8 a@5hforgelisd) cellfiftueltbhdifiehs B ndxw)@ssitdt etpréfarel 1 % 02
and grown SUBSTI TUTE SHEET (RULE 2_6%@90. 1 7 JUN 2003 -isfor three days at
37C to afdeRypurssugerngta thak istighdy sprishedde thedarpesy acfive form of bumanJrIBRAgs used to

| nocul ate tg&ﬁlﬁ%g%ﬂ;ﬁ@%ﬁ[ S’tﬁ&tn?émb%%fbtfﬁ{i{‘faﬂlﬂr%ﬁlccécbftorQMM foffedi um at a

density of The production bl oreactor was then cul tured
for 8 days asimilahgroblemsf Farieadmple weseatwersimiddr bgrigonnomredhenpSHFEAGEpar ge rate

set at 11 %.Qz. | 1_,densi t . .

appr oxi mat e %yxwgél(ﬁl?/caﬁr#&%\f %15 oarrb\%/? ggli:#?ts%n%?g )éé)%ﬁ%%%}%e?gfy 60% Under
t hese condi tmodies TN& fhil ereceptor taledd VEM Are3Mplogedinssearetioreatdelvarhi ch was
two-fold hi gher t han ﬁ\,hen the sa cells re cultur(-%éil at the traditional

t enper at'dr e CHIPCREHESS. RIS TROEPQE MELIOTRAT RIAMEYC 4R MRt IO SHBHEMTC i n t he
LTpR-1g preprmatob@busue diffdensky i6 herpérsanidedt e MRS tdhdarafifddh decr ease when
conpared to_10 product gbtained froma 37C culture. 28 gqC Cell Culture

Process: CHOopghgless.degardiess afths pselionism.he plginied grethads hipdragyesdts it 2d to growt h

i n suspensi giynAekRethGRWMR IdwerddEEIN tSmpberabdre SONMab VR HIiGh froRfisipbl e 111
bel ow) supplenmented with 10% FBS, 140 ng/L streptonycin, and 50 ng/L

gent anyci n. prparatass pithe pg and\athegmempgr-of phe IMGT familasks wer e i nocul ated at
appr oxi %tely 15 2x 105 cells/mM in growh nmedia. The cul tures were grown
at 37Cin a S% Q02 to a

Examples

Example 1. mADb that specifically recognize the live form of human LTBR-Ig
The LTBR-Ig protein (Figure 1) when secreted from either COS or CHO cells
transfected with a plasmid can be purified using standard protein A based affinity
25  chromatographic methods. The purified protein consists of two closely spaced bands at
about 100 kDa on a nonreducing SDS acrylamide gel (Figure 3). The two bands differ
by about 5 kDa in apparent size. When the protein is reduced, essentially two bands at
about 50 kDa are resolved resulting from heterogeneous glycosylation (Figure 3). The
two bands observed under nonreducing conditions, however, do not result directly from
30 the glycosylation differences that give rise to the pair of reduced bands. Using a panel
of monoclonal antibodies to the human LTBR, we showed that antibodies from group I,
i.e. AGH1 and BDAS recognize only the large MW form of the receptor (Table [; all

data except the selectivity for the upper and lower bands was taken from Browning et
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density of approximately 3.5x106 cells/m . The cell suspensions from both
spi nner cultures were conbined to inoculate the scal e-up bioreactor

contai ning approximately 10 L of growth nmedia. The cultgﬁe was oxygenated
at 11 % OZ and grown for two days at 37C to a density o HBN&Q?nately

1. 7x106 cells/m . This culture was used to 20 inoculate two 40L and one 10
L production bioreactor at starting cell densities of 2.53x 105 cells/ni
using a split ratio of 1:9. The protfucti on bioreactors were cultured at 37C

and oxygenaf ado@t Ahlifads ff-b‘iﬁﬂhls g?oui%mdo%awmcq a@domaﬁg{xg.toﬁlay 2x106

cells/mM was reached (two days he end e bi oreactor
t enper at ur eevigigncefl byheabser Yﬁtlg@mam@ab fragmens pEBRAS P@l stidlrbdocks Grewpdl for an

addi ti onal Rl y 3x106
cells/m an‘gAgsac?éﬁ agﬁlgglgy%aZd b?&ngg{% °tg‘7?e‘q§.n’3‘5 edggfsg% t\;\ﬁ%rge arvest ed and the
condi ti onedmmmﬂa@nmmdpnmmbdamsr d&hmonbmkmwmluwdhmntfm&es:ond| tions,

final of hieved which
epr ocert s A @ HEFHS P a T Biper oy 519 el e RTUEE SLRERREG when ¢ e

sanme cel | s saraﬂ ferstol the ALTAR -1, 1k smallbcforne bithe weepidrdoos throfghGhd tHee i nacti ve
conponent was 10% whi ch 30 represents a 80% decrease over the materi al

pr epar ed atlarS‘?f(fomEﬁaﬁ‘bTOéh%“’l%"t BRtEK ] b PHEIURR Yields paHiSinepestinn of ni ze Dead
For ms. Dur i e REAGH (FYreHBTH T FocHoffort Rokfed ineir sbilfy b tihdo2(, 193 19
Based on our hypothetical explanation of dead nol ecules result in these
prepar at i orfge s @Eb@thohcﬁﬁﬁﬁé@lv@tedﬂh?étT@I"d\xb marells, i-precehedxpressic  donai ns
woul d di rer i r Iy f recept or
domai nsIldre Sluéfgcel é: tdégf/@r fe‘?{%ﬂﬁsr{ﬁb@f% l§a}c {ﬁg gﬂ{l hL?gs)F Ae(nsd olqlﬂﬁ?t i s possible
t hat di fferfmtlod thatfouid @eranAb wapahlatofbiriddo adrfade fyinphetokinr dheBowyet exchange
of the 1gQ& did not cha ethe ive dead ratio.
Secondl vy, ! @ué@&cgo?‘iéea[g%* wga%wﬁégmp 8316’&"2{0&2?(1:&5”6 521 ink the two
pepti de chmpeafanyasupaﬁnmedfrémma detls begtéby frarfs€ecthd MathnhdyTRRIIgagenesi s. The Fc
dormains can dinerize well in the absence of hinge disulfide formation but

the rate nﬁynﬁ@cg\yg&@r}ssqd@v%asprgtﬁglé]ecgump@dp(gfggwgmotgp Pyie PrOYR Wit ei ne 1o

resi duegs byel@boRithes mepibldl Ho%prate%ﬁ&eaaaﬁd saeme%tpra&n@@astnfngr m as
quantitated by SDS PAGE and chr omat ography such that where wild type
LT(3R- 1 g wdtacHonsoysremaytraiged iith 3010 qelameobP A sadiwy pkasphaxg pE)B.& he del eti on of
the cystei 9 when

pr oduced at t L{Qée rggaggtsg%%a{rgﬂgog&ﬁﬁaﬂgi&%gg?zg@%@ﬁﬁﬁﬁL@g%I cation by
r epl acenentand# vgof Mtcyﬁﬁkwbdolk&mdzbmcdpupeommmmm& Kapphlidck of a
preparation r.eo bl e .t hat acengnt of nIy one cys
resi due couf dﬁf’/go é‘r‘?éﬁcﬁ%ﬁe °8FthE“c apP&ffiaf (ﬁ‘eth“eglf"éser?% ‘I‘de‘éff "8ns coul d
reduce tde Ha@ia6 Fodagsin O‘ﬂ“hd?l&aaﬁk e mnmé&by&mﬁrgaaort dlteruben@&t dasir €
production nethods. Exanp 5: Del etion of Cystine Bridges to Correct

Fol di ng Pr dHA%EOL SAmamipg leawnyglowtlm.vet%?tymeﬁ Fephareict Begdsdeers tistedhe f ol di ng

pat hways utykj MPREE%arB{SI@B@ﬂf& (ﬁ@reaﬁngtageﬂtmdfmmlffepwssr1@5&(1 B%m
Nonet hel ess) sone di sul bridges in the TNF receptor gg are unusual
]

and may notSIBePASE®Sl- f:'G]tS “teﬁfefuf‘ Pwranﬁféﬂﬁb@t%ﬁalt@da es%erbblioa ithhr e good

candi dat es ' L mai n of
LT(3R-1g m@arg%bwh onventﬁgﬁngéashp{sgg%gh (Q:rtogéggsnﬁpgggrﬁ%g s of cysteines
101 andx®5 fﬂ)ﬂ@Ndd(byalhaﬂnqumngingldtchanmmmbemcmgdétc(mmnbhHREequence defi ned
in Ware et %&9?3? led to an inproved ratio of dead/live material as

evi denced b AGE. Wth wild type LTpR-1g typically shows the presence

of 50 and 5% dedw ekpibinthshbitipsfodbiEefataikcldsvanttcaies theapaeforedty. The
nmut ant for t ne.c in disulfide bridge del eted had 20 and 5%
dead form ‘g%ﬁ@ﬁ g't“}/ti’ﬁ d@n ygwgqaéqddpgwgcq\%j YA SEPETOSE s e of | ower
t enper at ur e@hmaaﬁrm@mwtehmﬂm&xﬁﬁﬁt@ﬁw@f&t&é}ab@tdcan Tok cbEMWa9 Her pes
virus entry nedi ator F famly receptor related to the

SUBSTI THTE esiqmeively R@JL}Ed »éh PBS and the protein A purified LTBR-Ig was applied and the
flow through collected. The column was washed with PBS and then eluted with 25

mM sodium phosphate, pH 2. Fractions containing eluant were immediately

neutralized as described above. Protein concentrations were determined by absorbance
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1 7 JUN 2Q03 -20 LT(3R and binds tightly to the ligand LIGHT tightly and
weakly to the ligand | ynphotoxin-a (LTa) (Mauri et al, 1998). Human HVEM
was prepared as a Ig fusion protein by PCR arrplificatl ggg%t

extracel lular domain and fused to the human 1g@ CH2 an regi on as
described for LT(iR1g (Crowe et al, 1994). The construct was 5 inserted
into a vector called CH269 (Chi cheporti che et al, 1997) for transient

expression in the human enbryonic kiléney ceI I I ine 293 with high copy
vector expr Fﬁ.ﬂ% || tents were
col | ected aﬁ‘?%h\?}@mt@“gg% Igtfel e gﬁhgﬁ % I rﬂ%%vythgﬂgkg%rr{n;i?ogr aphy and

| ow pH el ut elation ;RelsmmtmammgtLTlBRaIg\mm tpsmp‘arlsddlhg byTFAGSenaiyscseﬂsl s as descri bed
(Browni ng et, al 96a Rec { nant ubl e. huna repared by
bR anpi 1 | et (OO <L [a)c owstwagwietwa PR 0P FALSAATES el | 2
yielding the &nﬁémsglﬁgtt@@cem Where SR ERLA pdeiSetainb@hlndvictiviet al , 1998.
The receptor binding donmain of LIGHT was anplified by PCR and fused onto
the al phd mating factor | eader sequence and expressed essentially as

descri bed f @ha@blor ChiVealiGithl PhidnfitdkFaftit QpRidHon of 1 andl®A8) - A FLAG tag 15

and ((4S)3 spacer am no acid sequences were inserted between the | eader and
t he recept ocomapongntsf Homan RTHRcIE. t hat t he secreted LI GHT woul d possess a

“NREPS| FTAVLF AR PR R Y ok Qe ot

STNNGL.LFI I\I'I'TdeﬁtﬁieﬁAKEE@\'ﬂxlﬁldRed nARRYdEsIg pEH S ki AlEUR vaiflional
AHLTGANSSLT%GGPLL LRG. SYHDGALWTKAGYYYI YS

CPLGLASTP THEYRARH %@ﬁm&% iﬁﬁ“’“ in PBS
GEEVVVRVL DEMB&&TRS&%%EW thb\/hﬁ??aﬂd%aﬂmomt FhdsP plepalifms tdranaxpect ed
N-term nus of the mature protein ich could be further processed by

removal of e&" breappliedip t'&rﬁ?ﬂ%“ﬁé@ﬁl&"{@l} prepasgtions of the lRreenandsealer i fi ed from
the super nat@pk oPHunhiTTRRIY t&h%g& egth%ptb% BRhed tﬁetttpeﬁhéG mAb col urm and
elution with either Iow pH or calciumchelation. Full l'ength LI GHT was al so
i nserted i nceomppnowst dﬂtemam hysrophwpic enterpation ghromhtographyf GHE) @h b293- E cel | s
as descrlbe i for the

det ecti on o?m&@ {9%&?.{\,%trfe*(}%gghsﬁtsur@e}gog%ngﬁ@ Ilg@ggée(ﬂg"wlﬂgnq? nmeasuri ng
t he bi ndi ng sﬂfatcshnladdnilomtwﬂc ghumasaridchd langebmd snxaﬂctommeptscare—dlfjerbmmﬂy been
descri bed ( ay,.et, al 199 .The re t hnolo ields real time
easur enent SUSE PSP SRk T LR S pindions headieBiriion o SLssT) TuTe
SHEET ( RULE 6o hurflarl LTBENgZGH8nenid is 8BriihetiqFlghre Y. pTIRES meGotdisMeligs Wer e gr own
to confluency at 37 Cin roller_bottles using growh nmedia suppl enent ed
with 10% FBYc ippraaifimiy meghod descabedabavecisn pefhb Fueparayae apets ofdbf a was
exchangeg Widrfb £nf 8281 BrepbcdniBeudhad REBRIE bGtULE FfRiSh WaleRlediRE ¥Rqkaed at 37,
32 and 28 C. The 28 and 32 C cultures were harvested once a 5 week) the 37
Cculture ev@pgrawndﬁy@ge WHES@étheteeC@WEMSIfg Pharmagepticilivee] ApliagntProtein A
affitnity c pr re stored
at -70 C un? E%mzfﬁ% ses §E§7I|EE)F meIﬂf@nB{h‘ci Edcrg mpt!]a 95‘13@9%?16 37 C and
purified, aMbltllhmdptaeqmaeratﬁcdnlsroinedogmpid' c:smalmbrarthdt yerotit tBDSadPACEN afal ysi s

fi 10 h di d
Theref ore, TPVAEGHTRRma b Arreger FhEkamam Ay ebttmpin’™ [ "aas "

ei ther (2t r get@dhdd M8 cACKRUERE R i (F%uﬁej'@ Theé\Jeted R@ieAR cai bd duBjetted domai n,
i.e. inter-armbridgi ng and hence did not appreciably affect the overal |

shape of t hé® hbMEung wen sychssize srgtusion s igsxchange gromyeerpRlydpiesiov¢ g to bi nd
to LIGHT exaég%ea nthttrn%ﬁfnd%trﬁeldtp%maés anli Ca‘tﬁcrpafte%m%eﬁlnéé £ikk! S was

assessed in bi ndi ng assays (figure : both cell types) the

abi lity of phEilagical buffsr prn heaised fgumfva@eﬂqu Jath@raﬁva)sanm behpy 6Wed roughly 2-3

fold upon e I, observed

t hat when Bt&ggcg?%tch t@)&sﬁc\%ﬂrn gﬂ hﬂ%@@ ‘ﬁﬁ@mﬁfﬁ?m%&g%‘ﬁ%’r Y}ﬁ\fel s (RU

val ues r3f | éwttiemaertal imfa mcmtaepmoﬁpﬂ"ﬁm% dhe px pnd-ﬁx&mplchpdasdmcedleat | ower

t enper at ures bo han pr.ot ei ns hi

tonper at ur o3Pt GG SHRRE b BGHR a BB A TR R Ve BOr Lra v
the |igand. inffhe adivAe@ngonbietndi ng 20 curves show the realtime on and off

bi ndi ng events and it can be seen that the binding events were simlar
regardl ess of the production tenperature. Therefore) a protion of the
preparation is effectively dead and this proportion is mnimzed by |ower
producti on tenperatures. ower tenperature has
corrected an abberant foldi ﬁgggﬁg%f%%'%%%?oi/ed the percentage of live
nol ecul es even though we cannot 25 directly observe the fraction of dead
nol ecul es. Affinity chronographic techniques as outlined above coul d serve
to resol ve the I|ve/dead forms foIIovm ng optlnzatlon of the preparatlon by

o, .y I o,




~7 ,IUN ?.~3 22 Reference p55 TNF-R (Loestcher et al, 1991, Marsters et
al , 1992 Ashkena2| et al, 1991) 5 t0 p75 ThTF-R (Mdhler et al, 1993)

LT(i -R (Crowe et al, 1994) Fas(Suda et al, 1993)CD27(Gbddvwim 2813 al .

1993) CD30(Smith et aI , 1993) CD40( Fansl ow et al, 1992) Ox40(Baum et al,
1994) 4- 1BB( Al derson et al, 1994) HVEM Mauri et al, 1998) |In several cases)
nost notably, Fas-lg and CD40-1g e.g. Fansl ow et al, 1992, the 15 chineras
are poorly active relative to the sbfuble Fc forms of the two TNF

receptors. Af Ak yMﬁj'd?bjﬂlobﬂ@ﬁteﬁz@ﬁiﬁz&Jrarh&!ﬁ@@pﬁ}"@ﬂ@??&ti B Vedhca M Xt ures of
| ive and dead forns in 25 Ovarsrﬂfg ratios. A dead formrefers sinply

to a nol ecuusniilatve AFaIde P Wit AfERAcEstAfig al |y (10- 1000 fol d) |ower

than the live f @ik réolulidn JFite mnexbﬁ.aa%m@@h@wgéraaekvéoaomgbmtsaﬁt ivity)
but instead has a reduced affinity f g‘?nd relative to the high affinity

form found reepnetenanshumean yTHR g wameqvach@n # ReresptiveRiopystsms Fops gther/m
Nt 8 egepl Rl BP0l N PO RSB e i3S Myl ] e85 act [ ve

protiein ser ceptors 0 as yet undefined receptors,
a panel of santfaueramubmbse:qnenrélusommulddcxbasnmrgechmneof dnymmmmretﬂfateoﬁmb

t echnol ogi Those anti bo the ligand to
the recept TR Eraruagngres S2udlad ctenttt of GLmb il sl entesy 0 he
native recefiaPbuff c&n?&ltion%ﬂ[BMﬂnﬁlaﬁlﬁmUMe Qb eV sEM QHGsphidid, HEL I econbi nant
receptor fornms may suffice) would be used to form affi nltéecol ums. The

pr epar at i on(bbﬁfeftﬁ?eArPP%‘Pﬂt(bmb@"ﬁi“i}@g K0 et aeptsindowsstendedenty Bedgrafioul d be

passed %’eretﬁé?ﬁn Eﬁéﬂmh@@duﬁah%ai Lvﬁ’é{’(e& Q&QE@%I%%L@&@@%J&%%er' al that
bound to the colum would be eluted wt l'ow pH buffer (typically pH 2.5

to 4.0) i rmigetiae edrppanents waneudzféedenha%eclmt%wtb atingap gradigen (fotel peadisalund to eit her

cells in a [ & 6% gfr%ﬁx%ﬁ%(b%fmamo %@P@fﬁ?ﬁ?%ﬁd{asefh m&g% émq rmat) or

| i gand at varying protéein concentrations one O
sel ecti vel ypHhPnidllowed byen 16.6m8! Wash withrbdffer Bli THeaobmneeffreentveesmeoriered

concent | BRBSEHEd o 2060 SRR bR Sl B MRSl o
that mAlps asysteteiRingafldvwigite bR . miig. Tlatehmloﬁbrotﬁheofrarrqir&bﬁtaum anflgtil uate to
the o g matogram % thoun in Figire 8 P& T contalns the Shactive fractign hua P2 &t 1 M-
peak 2 the active fraction of LTBR-Ig. In order to quantify the rclative contribution of
the two forms, the peak areas were integrated using the Perseptive instruments Vison
integration software.
20
B).Preparative purification of human recombinant LT R-1g.
Clarification and concentration of conditioned media: The cell debris was
removed from 10L of conditioned media harvested from CHO cells secreting
recombinant LTBR-Ig using dead end filtration through a 5 u polypropylene 5 sqft.
25 Calyx filter capsule (Microseparations Inc, Westborogh, MA) followed by a 0.2 u
Opticap 4 inch filter cartridge (Millipore Corp., Bedford, MA). The clarified media was
concentrated by ultra filtration to approximately 1 L using three S1Y30 Spiral
Ultrafiltration cartridges (Amicon, Beverly, MA) connected in series.
Protein A affinity Chromatography: The concentrated conditioned medium was
30  passed by gravity through a 10ml Protein A sepharose fast flow (Pharmacia) column at
4°C. The column was washed with 50 ml of PBS, 50ml of PBS containing 0.5 M NaCl,
and 50ml of PBS. To remove contaminating bovine 1gG, the column was washed with

50ml of 25 mM sodium phosphate, pH 5.5. The bound LTBR-Ig was eluted by gravity
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These mAbs thus identified can be used to affinity purify the live form
Moreover, their use in various i munoassay formats can be used to optim ze
for expression of the correct formof the desired recegtprpfoorm The
assay can further be used in conjunction with other conventional
purification nmethods to find nethods that would purify the active form of
the receptor without resort to affinity techniques. Using these Abs to
delineate |live and dead forns) the il ture tenperature could be optim zed

and chr omat Qg Mwsm%pﬁ@ymmmm PN B GiBhiGtactifi} ahive form
m

Alternatively) H C 1o colu met hods coul'd be exploited to separate |live

and dead f oimmedigtedy npytraliped wath Rt 960.5 Misadiime phospieie: PESD. disastianse opti mi zed.
Li kewi se, t ; s ' ' nesi s ofthe
receptor poér})t% ?‘%ﬁ@&ég’f%éeﬂdg?tggp g%m%?gpﬁ?ﬁp&gf“géoﬁg}s/ﬁ&omﬁdgﬁd %g{()eﬁg{fe noval woul d

yield funct7®@8al |y active material. As many of these receptors will have
applicatjon as therapeutic agents m human 15.di seas d one will want to
put onl yg pr oper If?y%foéﬁ(ofe{fjk eorfz%ﬁmicﬁl{%maaagﬁ%ﬁ%'eﬁﬂe ptr%%lgg‘%@f%lc?agl onr]l bot h

defi ni ng t h& apospataioh oH2.4ng/mE way dingedpaidr 40xnnedi3ng sbdumeghlotilid, 4bave utility.

It will be apparent to.tho skilled,i he art that _varjous nodifications
and vari ati ’B&ES"E%’H‘ %@sﬂ?ﬁﬁé’if%a’ﬁ?@“ﬁﬁfﬂg&é S‘Eﬁ'“’f fdo e@%éﬁ’ﬁ\}l? tion without
departing fpepndl pHE(8RbItibn WEre SCAREenOlempBRtkd)Y ERS diffed JotiIShs it 1S

i ntended that the present invention cover the nodifications and variations

of this invierdedontopr 1o Qeami(himl} SrwpoedsHe harmacin. Piseatawayd¥l) a2 flaye appended
claims and LAgih nﬁ?an.vﬂ{c%BEFﬁE\ w'%ls’gﬁ;ﬂ? %ﬁﬁ'ﬂﬁ%ﬁ.@'ﬂ#k&u&ﬁ)ﬁm&, 4o SU~ 203
Ant1-LT-b-R , BS a

fable |: Sammarv o HT29 Cvtotoxiclitv nme BDA8 ACH |
BC& BHA10 @Npsbdlium phdspha@€pE 7 4t a flow rate of 20 ml/min. The bound protein was eluted

AN

B1 ocki ngmAbggh bRARERLRI SRRl ALASLAOY ARNHS i) ARGhsommneeafthe o

a
~t++++ R FF RS - FHE - FE A~ FF+ N
effluent was monitored at 280 nm and 9 ml fractions were collected. Elution fractions

containing protein were identified by UV absorption spectroscopy, pooled and stored at
15 -70°C. Figure 7 represents a typical HIC elution profile. Under these conditions, the
inactive material flows through the column and the active material 1s bound to the resin.
The figure 7 insert contains a scan of the coomassie blue stained NR SDS-PAGE
analysis of the follow-through and elution pools, respectively.
Size Exclusion Chromatography: Approximately 100 ml (1.3 mg/ml) of the
20  HIC elution pool containing the active components of LTBR-Ig were concentrated by
ultrafiltration to 9 'ml using a centriprep30 concentrator (Amicon, Beverly, MA). The
concentrate (10.3 mg/ml) was loaded onto a 1.6x100 cm Superose-6 prep grade
(Pharmacia, Uppsala, Sweden) column equilibrated in PBS at a flow rate of 1ml/min.
The effluent was collected in 3 ml fractions. Fractions containing protein were
25  identified by UV absorption spectroscopy. Selected fractions were analyzed for
aggregate content at a 3 ug/lane load using NR SDS-PAGE gel electrophoresis.
Fractions with minimal visible aggregate were pooled and stored frozen at -70°C.
In this fashion, LTBR-Ig can be prepared that contains minimal amounts of the
inactive LTBR-Ig component that is present in the crude culture media.
30
Example 3. Low temperature fermentation conditions enrich for the large, active
component of human LTRR-Ig during the cell culture stage.

Under conventional mammalian cell culture conditions, human LTBR-Ig 1s
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tnAb mdb with to a LTal/b2 +/- -~ +/ ... +l- +l+~ +i +!- +t+ +/- Receptor
BandnAbPrecIa(tated‘C?C}up~upperupperlbathlIndIIbathIIIndIIIbothIV Assay
assessed whet her antibody bl ocks binding of soluble req g actlvated
[1-23. nd = nvt done. ~ Coat antl-nnuse Fc coated plate) C Bt

anti-receptor mhb, HT29s plus |FNg. "Bl ocks Potentiates ° Varlable sone
patlial inhibition in sonic assays, nhone in others. “~Receptor form

preci pitated using mAb pl us Kappat,f%ck system ' Goups were defined on

the basis ofhgedad fmixturk Bfa%pﬁoﬁhﬁe@el?b@% Rl ’éﬂm%@fg@cﬂﬂﬁdﬁﬂ@ Usinpg Bl Acore
t echnol ogy. 9 7 JUN 2003 -25 Table Il Expression of LT~ R 1~ constructs

i n CHO cel |bacoyirus inferted inggriqely @m&pr@wtttﬁa@etpémtéreatltsrleérasucaﬂy

ConstructF r Q
Conponents§é@%§%ﬁ#§gggéggﬁgﬁgg§2§i§§%§%%§5$%gﬂgggg??§%7GG&QX%ﬁg:expreSS|on

| evel was dswesdd@Rdg swgptdarfo:tnemammﬁta‘nfqehs growe At lowseragprawb ywould hitke  anount  of
i nactive congﬁnent sent on was assessed after

br ot ei 1 3 aFATE gt Frsecig P! Enh o Hoka "LRErS Batche ARetAGe RS SopsT) TuTe
SHEET ( RULECHO)Xells sterétinfWmdm BTBRBg 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,

10 lowering the temperature during cell culture dramatically reduces the amount of the
small, inactive form of human LTBR-Ig. To quantify the relation ship between cell
culture temperature and the extent of the enrichment for the larger, active form of
human LTBR-Ig, duplicate culture flasks were set up and grown at temperatures ranging
from 28 - 37°C in one degree intervals. The protein A affinity purified human LTBR-Ig

15 samples were analyzed by analytical HIC chromatography to quantify the ratio of the
small and large components of human LTBR-Ig present in the preparations derived from
cells grown at the different temperatures. As shown graphically in Figure 9, the amount
of the lower band rapidly decreases approximately 5 fold when the culture temperature
is lowered from 37 to 32 °C. Lowering the culture temperature to 28 °C reduces the

20 amount of the lower form but in a much less dramatic fashion. These results show that
reducing the culture temperature by only a few degrees from 37 °C dramatically
decreases the amount of the smaller mw component, thus increasing the yield of the
larger active component of human LTBR-Ig. Based on these data, culture temperatures
of 32 and 28°C were selected to test if these observations could be duplicated on a large

25  scale under conditions that would be suitable for manufacturing using CHO cells
secreting recombinant human LTBR-Ig that had been adapted to growth in suspension.
For these experiments, the cells were grown to densities approaching 2x10° cells/m] at
37 °C the culture was diluted with approximately 4 volumes of growth media and
incubated at 32 °C until the cell viability dropped below 80%. Lowering the

30 temperature to 28°C during the production phase also results in significantly lower
levels of the ideadi component in the final harvest. It was interesting to note that while

the cell number did not incrcase very much during the production phase at 28 or 32 °C,
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Table 11l. DMEE HAM's F-12 G owth Media Suppl enents Conponent Anount in 1L
grow h nedi aFetal Bovine Serunil00 m d ucosel. 85 gAmmoni um bi car bonat e2. 2
gStrept onyci n140 ngGent anyci n50 ngEt hanol amine (1 M sy op@ﬁ)cg‘?ggﬁ Li poi c

aci d91. 2 nyglLinol ei ¢ aci d38.4 nyTriiodo-L-Thyronine0.2 ny VLE
(Bayer) 1 niBovi ne Insulinl0 ngBovi ne Transferrinl0 ngBovi ne Serum Al bum n50
ngPl uroni ¢ F-681 gCystei ne82 ngMet hi oni ne34 ngSeri ne52 ngVal i nel05. 6

ngd yci ne50 ngAspartic Aci d24.4 nmgPt6line52.2 ny Corrponents are mxed with
t he base ne t r Lo e pH of the
media is adﬁg‘tg?re qﬁcr@%gmrﬁ? &u\éﬁhﬁfg@%ﬂg&%ﬁ%&@x &g o %UBJT;'ECSVE&EET (RULE 26)
1 | JUN 200&taied 1Rdfeé1a3rnstei§conglganed/axhemaBThmcblmaumdmpaﬂhatKycre( i086) Eur.

Cyt oki ne Re 9 derso t. al. (1994) Eur J Imunol 24, 2219-27
Ashkenazi , ﬁe 3%?“"%8&%(%%15)&%Scc“%s‘flo‘%\cad Sci US A 88, 10535-9 s Banner,
D W et al (lggﬁhal@{dﬁ@estéa&tlé&&u%&hkmuhﬂre tBnpd?ﬁtuxahesu(ts'LﬂQ#x}l]aEnbO J 13,
3992- 4001 Bazzonl F. and Beutl er) 96) New England J. Med. 334:1717.
Br owni ng Jbengfits ayothgr hogt gysépsys sych ﬁsﬁ‘ﬁﬁihc}f’s “1‘@3“‘“53“&8‘ YeRShARS Begeticial et al |
(1996) J. ExRcisMefdw t@ﬁﬁeratﬁ@@‘r&ﬂu&ndh%@iﬂ@%éd‘ﬁ muéh lowetenbrankes990aa J. Bi ol .
Chem 271, 8618-8628 Bucay, N. et al. (1998) Genes and Devel opnent 12: 1260
Chapl i n, D. maREalER chf&XYea stroligsd e3P epreduds iPFemineRly thenagivermi0) 289- 297

ot " ( 1ooa) sy o 25 (G EAGn oy on PR oFAS et R 000N

Sci ence 2 64and7:017ur&4)fcﬁm31md at Ja °(proditce pledorfih Oy xhelacansiolranf mtmann 61: 224.

E t | W C. et
22 Todb) Bt b s rvend esehotdovs PR DR ST FUER. | nmanot
64: 283- 350. sigfifida Ror yl3lds Gf the'actVe coraddh3m)of G8hhn BER- %ﬁaﬁﬁse@’e@ﬁ’ﬁ D. and
Ware, C. F. 1997 roc. Natl. Acad. Sci USA 94:5986 Harro-~. et

al, 11998) Jhospsysiem. Ge skilledrn themsimn easily defermine the-pptisal alroduc(tlraggl) J Bi ol Chem
266, 18324-9 SN K, H t?,Jn. (1998) Gastroenterology 115: 1484-1475 25
Mackay) F an %B’?om?{gm E‘stys 1998) Nature 395:26 Mackay, F. et al. (1997)
Eur J Irmunol 2HerQ®33m4@eWptsﬂeeiresamﬂe othovathis(pt@e®)was apBliedlto thehem 267,

5747-57 hi t al.
(1993) 3P st arChepEle: Tip il Alide MR &yeitge d%%’ég%f a§langgy
Recogni t i onof3he thdt3hd tefluBag e rctll cﬁurd?em@iratﬁde si g(lfﬁ@%l)y re]duEé(sphd\fhﬁbuhBéf

19992000 aDSd SopSrim R i Bnelacicofon BEIIE o italnt 207 1

unexpected benefit of low temperature fermentation is a several fold improvement in
titer when compared to traditional fermentation runs carried out at 36-37°C. Table I
20  summarizes the comparative yields and the relative amounts of inactive LTPR-Ig
components obtained with two different cell lines transfected with different LTPR-Ig
constructs which varied in the extent of glycosylation (not germane to the thrust of this

example).

25 32°C Cell Culture Process: CHO cclls secreting human LTBR-Ig that had been
adapted to growth in suspension were grown in DME/HAM’s F-12 growth media (see
Table IIT below) supplemented with 10% FBS, 140 mg/L streptomycin, and 50 mg/L
gentamycin. For scale-up, two 750ml-spinner flasks were inoculated at approximately
2x10° cells/ml in growth media. The cultures were grown at 37°C in a 5% CO,

30  atmosphere to a density of approximately 3x10° cells/ml. The cell suspensions from
both spinner cultures were combined to inoculate the scale-up bioreactor containing

approximately 10L of growth media. The culture was oxygenated at 11% O, and grown
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9 7 JtIN 2(p3 -zs Sitmmonet, W S. et al. (1997) Cel 189:309. Smth) C A,
Farrah, T.) and Goodwin, R G (1994) Cell 76, 959-62 Smth) C. A et al.
(1993) Cell 73, 1349-60 Suda, T., Takahashi) T., Golstein) P.) and Nagata,
S. (1993) Cell 75, 1169-78 5 Van Dullemen) H. M et al { JUNo2s)
Gastroenterol ogy 109: 129 Ware, C. F. et al. (1995) Current topics in

M cr obi ol ogy and | nmunol ogy 198, 175218 SUBSTI TUTE SHEET ( RULE 26) 17
JUN 2003 29 Wiat is claimed is: 1. B method for the expression of high

yi el ds of a6 s dRfsQl §7°0-td § dER) PpoRitikd]P2N185 Cb/l! THY c@ui@®hs t r ansf or med
wi th DNA encoding a desired protein-l1g fusion in a culture 5 system havi ng

a | ow t enpened torieocolateghoprod@forbipgacitreontaidme G3L of growth medivmodt ©f claim 1
wherein the,te 5 7 . C 3. € d of claim
SRR Mt bl SR BB UM

. ens eli
1 wherein sarg tyans e ure nperature above
about 33 C theobenafigidnérygbravire bf 308C swithfthecoxgpdn spargatakecsat grio® Oy, dhesell d host. 4.

The nmethod of claim 1 wherei aid protein-l1g fysion conprises a,nenber of
the TNF 31 JFePutyOp s haress ayitﬂg.ﬁ) PRI P 0] SEIT A TR WA BT o TR

receptor f agploXiniRdIPEI%. Bnder theraddatiBYis)a tifeBofl 12GRPL DITAR TR RhievédVEM or a
fragnent thereof. 6. The method of claim21 further coggrlm ng the step of

recover i ng ‘Héeh ves tpedeldihiheighaniuhes e spme aelisayees eiirredireths fradienaby .
hyr ophobi G hel G1AGH 9. A ATRKRGHBARYS v Budnc FaRSRIASALrgRal m 1 wherein

said culture stem conpri ses 1 nsect or bacteri al s. 8. An active

pr ot ei n- i nuepRptionwhs 1% phich eipresérydd § mere thran 6B %alecresbe lwher cdruparddiig a

manmmal i hos& tCebl l. td‘refgrrlnsf%og%gltw th DNA encoding the fusion in a culture
system avipﬁ% ugt oY r’?pe?‘a (%€ 0f" about 27 C to about 35 C 9. The fusion
of claim8 conpri8ay 0gl aultreBricesdf CHORellsNEcrét@ig Huyhan RUAR Qg thifweadfbes on of
claim9 conprising LT-(3 receptor, or a fragnent thereof. 11. The fusion of
clai m 9 corddrpted QErHEh ﬂb%‘sl?ﬁ“?‘e%wéfﬁtgf%)"“ﬁﬁ&b&g’gﬁhf HERBrovwsh medip (sgg nent
thereof.  taple I below) supplemented with 10% FBS, 140 mg/L streptomycin, and 50 mg/L.

gentamycin. For scale-up, two 800 mi-spinner flasks were inoculated at approximately

15 2x10° cells/ml in growth media. The cultures were grown at 37°C in a 5% C0, to a
density of approximately 3.5x10° cells/ml. The cell suspensions from both spinner
cultures were combined to inoculate the scale-up bioreactor containing approximately
10 L of growth media. The culture was oxygenated at 11% O, and grown for two days
at 37°C to a density of approximately 1.7x108 celis/ml. This culture was used to

20 inoculate two 40L and one 10 L production bioreactor at starting cell densities of 2.5-
3x10° cells/m] using a split ratio of 1:9. The production bioreactors were cultured at
37°C and oxygenated at 11% O, until a cell density of approximately 2x10° cells/ml
was reached (two days). At the end of day two, the bioreactor temperature was lowered
to 28°C and the bioreactors were cultured for an additional 5 days. On day 7, at cell

25  densities of approximately 3x 10 cells/ml and cell viability of >75%, the bioreactors
were harvested and the conditioned media was processed as described above. Under
these conditions, a final titer of approximately 20 mg/L LTBR-Ig 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

30 represents a 80% decrease over the material prepared at 37°C.

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

Production
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12. A method of making a pharnmaceutical preparation conprising an active
protein-1g fusion said method conprising: (a) culturing a host transformnmed
with DNA encoding the 25 protein-Ig fusion in a cultur?ﬁ%jﬁ%ezgaghavi ng a | ow
tenperature of about 27 C to about 32 C, thereby express tive
protein-lg fusions; (b) recovering active protein-lg fusions fromsaid
culture system and (c) conmbining the active protein-l1g fusions of step (b)
with a pharnaceutical |y acceptable-arrier. ~ 7 JUN 2a03 -30 13. The

met hod of cl ai mﬂ%d%%h?hﬁoﬂn@@caﬂ%&a%t%n % gfhxe qr‘i]lr}ndcﬁ&gféﬁ ke%ﬁl?mq dgmber of the

TNF famly, or ragment” 't hereo alm 1 wherein the
protein-lg ﬁrwraunnx;onqowmdégreﬂlytnbat@towﬂmhé Bme bafeqstF@rdomamawbuldgrrent t her eof .

5 15. The t hOder eug)cfmcrig ilhs fraﬁtegnec;f%ortr{mx gcd r%&g oggc; Or‘Ngonp“ ses HVEM

or a fragman{ne'ﬁ%3 ar naceu i'on bt ai ned by (a)
cul turing aexblosdd sbvaﬂsnfeﬂfoﬂenb aohnb\t‘e tE]NPes&ll[lCIDﬂil[mgsﬁlh&lapdlffélehtﬂg Fg fusion in a

cul ture system havi eratur 32 0O
thereby 1o '@é"é‘?‘ﬁ% @é’fg reB'r BFélyﬁt ‘ﬁxg‘af‘%f's? 6??3%65 ?mf’@g ﬁ$¢'|‘b active
protein-1g doasiidda nf)trdﬂﬁﬂgéﬁﬂedw@kibdduﬁ@ FeEedrRIY, the Bktdise reGiouRinhinge t he active
protein-l1g fusions of step wi th a pharnmaceuti cal I% acceptable carrier.

17. The phaiesaebgt qresalmlﬁa%ﬁa}mv%hems FPgiremavsd feyths IBGLAs dpmgingyn- | g

fusion comppiggseds 'ﬁle'ﬁ@pﬁﬁln%antdﬂﬁer&yﬁ/eﬁmhk szer:k% of ifge BRargRceuti cal
preparation of claim17 wherein the protein-lg fusion conprises a

| ynphot oxi nfoBnation &pt the ratqm@/ Herskgeeintits@aheneso fRepiacemerhef thheworraeteine i cal
P S o4 ol bl ELE) R s L BRI S, o 2
active pr ot PAGE byd HiSchoorsatagyaghiy issdhnigat where w11d type LTBR-Ig would contain 50
and 5% dead forms at 37 and 28 °C, the deletion of the cysteines from the IgG1 hinge
lead to 20 and 5 % dead form when produced at these respective tempertures.
Therefore, hinge modification by replacement of both cys residues can improve the
15 quality of a preparation and, moreover, it is possible that replacement of only one cys

residue could have a beneficial effect. Such genetic modifications could reduce the

percentage of dead form with recourse to low temperature production methods.

Example 5: Deletion of Cystine Bridges to Correct Folding Problems

20 Typically, it is very difficult to define the folding pathways utilized by a protein
to get to the final correct form. Nonetheless, some disulfide bridges in the TNF
receptor family are unusual and may not be needed for the final folded state. These
bridges are good candidates for mutageneisis. One such bridge in the third domain of
LTBR-Ig was removed by conventional site directed mutagenesis of cysteines 101 and

25 108 to alanines (using the numbering from the sequence defined in Ware et al, 1995)
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 when produced at these temperatures.

30
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 to the
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culturing yeast transfornmed with DNA encoding a desired protein-lg fusion
in a culture systemhaving a | ow tenperature of about 10 C to about 25 C.
21. The nmethod of claim 20 wherein the tenperature is abgut 15C to about 20
C. 22. The nethod of claim 20 wherein said transformed thQUN 2008 r st
cultured at a z5 tenperature above about 30 C for a period of tine
sufficient to allow growh of said host. 23. The nmethod of claim 20 wherein
said protein-l1g fusion conprises a mdnber of the TNF receptor famly. 24.

The method ¢ Bﬁ'aﬂhH?nﬁ?ti%@?é&?u?ggﬁhiﬂﬁgg?@gﬁm%aﬁl%ﬂéthﬁg goer is a 30

| ynphot oxi n- Q recept or ment t od of claim 20
further compymphotryin-hé.Te} @faudfet aleta98k riunpndtY EMevas potpated af glgffugérons fram

said culture_syste hydrophohi c i nt eract| t ogr aphy. BSTI TUTE
SHEET (RULEPE%%% b5 ?kg%%ﬁﬁ%%ﬁggﬁéie%@ far ééé’ﬁ%}‘\‘/g‘n%@get%e‘? n-e%gm%(’hlﬁ%gn obt ai ned
by cul turi nCH2emdtCHY ragisi avdeedibed foh LD Ie(@rowe e1gl, t1hed)f URe@onstractavasul t ur e

system having a | ow tenperatur f about 10 Cto out 25 C. 27. The
fusion of cI"%FW’rdZ‘_Bm_(?o"ﬁﬁP’f %aﬁngcﬁmf?e(ﬁ@@ﬁemﬁmgﬁ&* asl‘l‘%lﬁg?b)efﬂ’i apsieRt 28 The fusion
of clai m 27 eggRion$h 6 hhirharf émb i@fey cOll life Jo3a@iMaAsh dopgh&edr 29. The
fusion of claim 26 conprisin EM_or a fragnent thereof. 30. A

phar maceut i @éPreiﬁ'roépl&in&fhegﬁBI‘bg%FF‘E(A?%Eﬁﬁl%CESPPF@W‘@TWQ‘@.C‘F@@%n havi ng an
i e s L o b
sai d prot ei Recgmbinant bRo was prepared from insect cells as described (Browning et al, 1996a).
10  Recombinant soluble human LIGHT was prepared by PCR amplification of the entire
cDNA using RNA from activated 1123 cells yielding the coding region of the sequence
described by Mauri et al, 1998. The receptor binding domain of LIGHT was amplified
by PCR and fused onto the alpha mating factor leader sequence and expressed
essentially as described for other related proteins (Browning et al, 1996). A FLAG tag
15 and (G4S); spaccr amino acid sequences were inserted between the leader and the
receptor binding domain such that the sccreted LIGHT would possess a N-terminal
FLAG sequence. The construct encoded the following molecule:

"MRFPSIFTAVLFAASSALAAPVNTTTEDETAQIPAEAVIGYSDLEGDFDVAVLPFSN
STNNGLLFINTTIASIAAKEEGVSLEKR. . EADYKDDDDNGGGSGGGSGGGSKELNPA
20 AHLTGANSSLTGSGGPLLWETQLGLAFLRGLSYHDGALVVTKAGYYYIYSKVQLGGVG
CPLGLASTITHGLYKRTPRYPEELELLVSQQSPCGRATSSSRVWWDSSFLGGVVHLEA
GEEVVVRVLDERLVRLRDGTRSYFGAFMV"

where the two dots indicates the expected N-terminus of the mature protein which
could be further processed by removal of the next two amino acids (EA). The protein
25  was purified from the supernatant by affinity chormatography over an anti-FLAG mAb
column and elution with either low pH or calcium chelation. Full length LIGHT was
also inserted into a vector 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
30 ligands to immobilized receptor-Ig have been described (Mackay et al, 1997). The
BIAcore technology yields real time measurements of protein bound to the chips (i.e.

the receptor).
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io 31. The preparation of claim30) wherein said Ig Fc domain is altered by
repl acing at | east one cysteine residue with alanine. 32. A protein-lg
fusion conprising an I g-Fc domain crosslinked to a pepti?le‘“ggrz- ed fromthe
TNF fam |y wherein at |east one cysteine residue on the Ig- main i s
replaced with alanine. 15 33. The protein-Ig fusion of claim32 wherein
said peptide is derived froma |ynphotoxin-(3 receptor. 34. A nethod of

maki ng a protein-1g fusion conprisi®Yy an I g Fc domain crosslinked to a
peptide derived t | east one
Cyot ei ne resi dud 10 AR APERTAdPPERIB AR ot ANRANE ™) EFIRE et ve
forns of f ubdtdes l@@gewmﬂems@dSUPSEmefNaéwnbtlﬂ%d?B@f. Veflhtamtm @ﬂlls whaehedi n sai d
peptide is LT t QS t ne Jut ageni zed
o &l ani nostorBioneR iRy e felhh IR Ah Rl e o R A ST G
101 and 108wek mchbeticHlFBpéphncﬂz& C. SUIIBST% TR (Stiffates (Wetd Hari6ted once a

%Ai&AAAgg Aiwgeky‘hcAig cﬁﬁur_g e¥er¥_4gay@ %ﬁﬁ: s%%t;@%W%\ffég H"af pqnl'fBgd uggnguﬁrotcm AAA
#&H { upkf - [)ﬂaﬁfﬁh@ﬁdfﬁ&ﬂdt@m@}a@aﬁmhcm sralieapepalinlwad aakeal-gad cal call ca

] ca] ca] ca] caltJl]lca] calcTa]c

H ?2((++++, 1““513555) When ?){VCA kg(l: PZ‘”JZ'M@]%}@%P?@)PE(F ydriéisd. @lthea) cal caj ca
lmf&l §5d- ﬁahﬁ%ggi%z@] 1%?%%439@; &?t\Lqﬂ cal calU ca] ¢

] ca] ca] CaU]ﬁ'@lL ?(;g@g G
a] ca] ca! 3#41 4444444 5e567E8(B: " <<<<<<J===>7 c] ca] ca] ca]
ca] ca] ca] calags]aberpéens dmbhe a@}qvaqhdam] aseyre é[]\@fafjomlﬂ]ab@qa@aﬂowf}gé@w&@] calca]cal]c

I%}:Igall—ﬂtf atbon ad} %%%%¥Wca ca ca ect;'gl)]tlgzea %:earf%i% fctg ca] ca] c"al
c" a] cal] ca] ¢ahairy a}eoaﬂeﬁ ara] wadgonglacdhanad didnoedppetiably affea decnt @l kgt ofr

ca ca] call cat Esrb R S0P EARER R0 RO koo B EE T aplesfhe] Caf ob) e

] cal] ca] calez93-E cells or LIGHT on activated 1123 cells was assessed i m FACS binding assays
>Y\ i nE<WZ\ f k\ <DK* ~xsnh ] X e [V]Uca U] ca] caU] ca] ca] ca] ca\/j cal
2AV] ca] ca] CHIERUIbADE A EU] 0] G P VG B ENVIEa P sjrtas LEpeach car - - 7hy b
+ l,gb aJ caJ ca] ca
]Q(?a][ L\év]r clg] ](:g%ﬂi‘gé; cg?}:g?laa@@g]%gﬂar]g%‘]gf?L@Ggggﬁg/gﬁﬁogﬁa%&%})g WU]‘E] ]caU} ca} ca
aj

] ca] ca] ca] cehspwy \@l&pﬁpw} ehipcwgre iopded) witl) ¥ EMalgdepiovle] levdlc@®Y ca] ca] ca] ca
]ZgiU]G(ii% Cﬂ??r%lreggeuﬂﬁﬁ(f éﬂ‘W pgat‘il?:gﬁl E:hg]crélgi caj ca]I%?iﬁong:Uf 8%?‘53@?8%?28%%& calcalc
a] ca] calj caﬂ)MdJ}'rtms] w]mm]anaiowx]s c@]mﬁﬂ]h@pnaxbﬂ:«rat]ma(i}gum 12). This

+' 94?5 %(t ca] ca] ca] ca] ca
] ca/% ca]ncr:)a] cq %}ag#wgf%gﬁqlg?@]a‘f f‘caaf @Ja?"q@g‘]c %lﬁg%‘ﬁ h‘l‘ig'}’ R} wr]U] c!at] c!at] C
aVv] /(Ea] cao curves show the realtime on and off bn}\dmg events and it can be seen that the binding
v gg;ﬂcﬁgﬂ%gg eeorbishearashanl soalearlantsad splaal s sagel call cal ca

the preparation is effectively dead and this proportion is minimized by lower production

rn..

temperatures. We speculate that the lower temperature has corrected an abberant
folding problem and improved the percentage of live molecules even though we cannot
25  directly observe the fraction of dead molecules. Affinity chromographic techniques as
outlined above could serve to resolve the live/dead forms following optimzation of the
preparation by lowered growth temperatures and or mutagenesis of various cysteines

either in the hinge or in the receptor itself to prevent incorrect folding,.

30 Example 7: Generic Schemes to Minimize Dead Forms of Other TNF-family
Receptor-Ig Fusion Proteins
Most receptors of the TNF family have been prepared as fusion protein

constructs with immunoglobulin-Fc domains:
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ri{wgl fa\Ww U] ca] ca] ca] cal] ca] caU] ca] caU] ca] ca] c*a] c”*a] ca] cal] ca] cal] ca] ca

U] ca] ca] cal] ca] caU] ca] ca] ca] ca] c*a] cal] caU] ca] ca #% 49

U$J] ") 7Z~xsnhb] X| wr U] ca] | ca] caV] ca] caV] ca] cal] caV] ca] cad/c caV] ca] cal]

ca] ca] ca] cal] ca] ca] ca] caV] ca] ca] ca] ca] caU] ca] cal] ca] cazn9OWv>Ceu} yt nhc] XR| w

rV] ca] caV] ca] cal] caV] ca] cal] ca] ca

WV] caV] ca] ca] caV] ca] cal] caV] ca] ca] caz\2/] ca] cal caV] ca] cal] caV] ca] ca] caV] ca] ca

ca

>.>/]Dq' , [ b! &K} wr | ga] VPV] ca] gatdesaav] ca] caV] ca] cal] caV] ca] cal] caV] ca] caV] ca] caU

] caV] ca] caV] ca] ca]c”a V] c”a] c”a] caV]ca] caV]ca] caV] calcal]ca_b

#AM @Hb| val f a[ VVBNER) c fjassieliee of a.dP8 b \Masstdrs af ad.al9P e sbkgneziv} da] caV] ca] caV]

ca] ca] ca] ca ] caU] ca] caV] ca] ca] cal] caV] ca] ca UV] ca2dqv>";

K, \*y{vql ggj}é\g] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]c

a] ca] ca] ca] ca] capsINERc a]Malleathlc #93aU] ca! a) qE cpu’ i PNw3=| w mhc”~Ya] ] ] ca] ca
ca] calca]ca] ca al ca calc ca] ca] ca] ca] ca] ca] ca]caUl ca]ca]ca]ca]c

!51] c}a] c}a] 8}51] c}a] c!a‘]c‘ "%‘ ]sE‘ ](:g(a(flofvf’kf«é‘]:ll(\gg})nh](:’\YL] ] } ca} ca} ca} ca} caiJ]ca] ]ca] ]ca] ]ca] La

] ca] ca] ca] ca] ca] g@] ca] ca] ¢sudaad£a0908U] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] cak;

{Z9 631096HOHE () -&9 1$10%4$1$& () - &9 1$10%d"1"& ()-&9 $10%& () - &9

0$10%& () - &9 $109R: () - &ff3oadwineta), 1993) 1 pcs10DF DF 10DF Df 10DF Df

D! >109%0f Df & () - Sep@§ii& () (sl ¥, §od¥¢ () - &9 @10%ax () - &9
6$1096H6H& ()-&91 @D P>]; PC610! "10%4H& ()-T2! 10%& ()-T2! 109& ()-T2!
109HHE' () - T210%-ED49 - 1 1004kamglpw gt al; WIZWXVB7 10H 10H 10H@f 109%4& () - ! #

109%6HHH#HE () - T2! "O)-T 02380 d) - T2! 10%4H& () - T2>JINt JA?MB7 10S
1092 & Ffiol()s 10% érQ‘?:/% 8 S@W@%@%@, 1090h& () - 1((33/1&' ()-s! 10%& ()-3
1J"e"f"WU6+7 10z4fBBYZ & (JAMersaONEL, (994) 10% xzx& ()-! 109%& ()-! 109%& ()-!

1098 ()-f"g"h"t"x""# ##0K7 107<£10%! 10% o' 0& () -
+y10% o0& () -f 10%%8@’(( fapsi /b%’%é)()-s"‘ 10% 0& () -F 10z

In several cases, most notably, Fas-Ig and CD40-Ig e.g. Fanslow et al, 1992, the

15 chimeras are poorly active relative to the soluble Fc forms of the two TNF receptors. It
is possible that some of these preparations are mixtures of live and dead forms in
varying ratios. A dead form refers simply 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

20  form found on cells naturally. Abberant inter-receptor arm or intra-receptor arm
disulphide linkages may occur leading to a less active protiein.

With any of these receptors or other as yet undefined receptors, a panel of anti-
receptor mAbs would be prepared by conventional technologies. Those antibodies able
to block the binding of the ligand to the receptor preferably as assessed using a ligand

25  binding assay to the native receptor on a cell surface (although other methods using
recombinant receptor forms may suffice) would be used to form affinity columns. The
preparation of the mixture 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

30  two fractions would be bound to either cells in a FACS binding assay (or any other
standard binding format) or 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 eluate will be seen. This result marks
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10z#599@&H ?((zX6K7 10z! 10%"-"& ()- + 109% (& ()- +'  10%Hm#m& ()- +!
10%0& ()- + 10%3& ()- + 10%0& ()- +()H++++++, zodY: 0z! 10%&' ()- 10' 0
10' 0 10' 0<f10% 0& ()-! 10%0;0& ()- + 109%R020& ()- + _10% o(0& ()-

+11P111

-5-dEdY: 0z!

L109&' ()-1 109 ()- ylO0%& ()-I £ 10%& ()- 17 JUN 2003

f109%&' ()- 10%&' ()-5---).y..O0dEdY: 0z! 10%&' ()-

109& () - F109%& ()-33109& ()-109& ()- 109%& () 0\ 0001_11dEdY: Oz!

y&L0%&' () - $10%&' () - #10%&' ()-s! 10%&' (= 310%&' () -  10%&' () - 127222/ 3} 3dEAY: 0z!
210%&' () -/ 10!

<) VISP PO e, T s o et e g e fow

109%& () -

10<g10%&' (
- 4109 ()

109& ()

109% (& () - leO‘V
Z Yy Morddk tHejr-use inwatiouk@fufigassay formats can be used to optimize for

109%&. () -

) iﬂr&@ho&m“(cyea%ltb@/&r(e)\b 8@ form in the preparation.

e(s? L’é’é A<Yc£“q° e{?:fgl“lgwﬁ%?ﬁfémfypggéé&% R 100 ()-2 17/

5

10

15

20

expression of the correct form of the desired receptor-Fc form. The assay can further be
used in conjunction with other conventional purification methods to find methods that
would purify the active form of the receptor without resort to affinity techniques. Using
these Abs to delineate live and dead forms, the culture temperature could be optimized
and chromatographic methods developed to enrich for the live form. Alternatively, HIC
column methods could be exploited to separate live and dead forms and usingthis
method, culture conditions could be optimized. Likewise, these assays would form the
basis for cysteine mutagenesis ofthe receptor portion to define problem disulfide bonds
which upon removal would yield functionally active material.

As many of these receptors will have application as therapeutic agents 1n human
disease and one will want to put only properly folded forms into a patient, these
methods for both defining the preparation and removing poor binding forms will have
utility.

It will be apparent to those skilled in the art that various modifications and
variations can bc made in the methods of the present invention without departing from
the spirit or scope of the invention. Thus, it is intended 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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lyL! 10%& ()-G ! @ 10%&' () - y<<<<<<<J==~ @z!10%&' ()-S10%&' ()-!10%/& ()-S
109%&' ()- 10 10 10<gl0%&' ()-==>??V@RE~_ @z!

109&' ()-L10%& ()-109%& ()-3109%& () - 1

10%&' ()-y@ 0% () - G\ZAAA+CCAB~_ @z!! yF. 109%& () - @ 10%& () - yy&lO%&'% - SH109&
()-!L10%& ()- @ 10%&' () - CC* D} DDE9QE: E; EdE:/ 10 10<g10%&' ()- &910%&' ()-7

109&' () - 6109%& () - 4f 10%&' ()-2-109%& () - ~B4E EME FGHHUV7/ 10 109%& ()-yS
109%& () - ! PyS 109&' () - 10%&' ()-109%& ()- 10% ()- 10HI Jt LNf OOOMUG+/
10=g10%&. () -! 109&' ()-:11y 10%h& ()-:!ly 109%& ()-:!ly
109&' () =5 - 0%1& ()-@!'S 10%1& ()-@!'S

10%g, g, & () - @10% & ()-10% & ()-4 10 10=RSTVXYYYWUS+ 10t<gl0% & ()-!S

109& () @'S 10%z& ()-@!'S 10%t&'¥%¥§§£%@p&' )-@!'S
10% 1 & ()-@YYYYY' [\oMNgE/ 10t <g1l! 'U 10%c0E0& () -
10%J0Jo& () - fSS10% o0& () - f 10% 0& ()- 10t 10to” g aOcd/ d0odzXo. / 1

10' oF=y10% o0& ()-!"' 10% - % ',,;Ab100/0’2020&s°(u},&‘ s %0 O Ocﬁec@"
0, ! | 0, !

10% o& (l')l.Ab 110 /Qo%‘ﬂ& ( ) eccp d mmgtgglzegx ej mADb with Band mAb
Name Statning Binding' on Ejastlg alone LTal/b2 Preclpitated’ Group®
BDAS - = ++ +/- - upper - !
AGH! ++H+ i +/- - upper 3
BCG6 =+ + +++ +/e o+ both 1
BHA1D +oht At +/- +- +/- nd I
BKAIL A+ o+l +H+ = both u
CDHI10 -+ ++t /- -t nd It
CBE1! i+ nd ++ +- - both v

* Assay assessed whether antibody blacks binding of soluble receptor to activated I1-23, nd = not done.
* Goat anti-mouse Fc coated plate, captured anti-receptor mAb, HT29s plus IFNg.

*Blocks

¢ Potentiates

¢ Variable, some partial inhibition in some assays, none in others.

“ Receptor form precipitated using mAb plus KappaLock system.

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



10° oF=y1! ys10%&' ()-3!ys10% o' 0& ()-3ysl1l0% & ()-3S10% o0& ()- s@O0% o0& () -

10' 0 10' oxefohiijjz[9H 1 10'0!'i @ 10%& ()-L'10% o0& ()-F 10% S& ()-!F
10%to#0& ()-'F 10% o(0& ()-!'F 10% 0-0& ()-jj ! mnnn! nzodY: 11) TOUuUNGREE () -
100 10' 0 10' 03=y10% o0& ()-'@ 10%o(0& ()-'@ 10% o(o& ()-

10%##& () - ! n&uoqr Bt uzxedyY: 10'!yS 10%& ()-2!yS 10%&' ()- 2! yS 109%&' ()-2!PyS
109%&' ()-2'yS 10%&' ()-2Z10%&' () - u*vvaxtxuxvxmp(xzodY 10'! s10% & ()- 10 10
10<gl09%& ()- lyS 10%& ()-2!'yS 10%& () 2h) yS 10%& () -2xxy4z2{}| %-}[9dY: 10'!!
F 109%XX&' ()-@!'F 109%XX& ()-@!'F 10%:& ()-@!'F

10%8S& ()- @ 10% & ()-9GL0% & () -%-s>YZ[\izodY: 10'!! 10% & ()- 10: 10:
10: glO%&'()-'(F 100/d0b&'() @'(F 100/d03b3&'() @'#F
10%]& ()- @ iy 340 QYBIRKS o Jr2he@ciun ‘
10%TaT& () - 2t - 0'! 10
temperatures.
Construct Fermentation Expression % Inactive
Temperature °C mg/L* Components”
37 6 50
LTAROS 32 12 17
28 20 10
37 10 50
LTPAR0O9 32 - -
28 76 6

5 *The 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.
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100 10°<f10% & ()-!'@10% & ()-2! @10%~& ()-2! @ 10%y& ()-2 @

10% t & ()-2Zfk\}[90D9 10'!!S 109%k& ()-2!'S 10%p& ()-2! PS 10%TpT& ()-2!S
109%Kk& ()-2Y10% & ()- "109% & ()-9* +wU6+9 10°<gl0% & ()-!S 10%& ()-2!S
10%y& ()-2!'S 10%Y~Y& ()-2!'S 10%t& ()-2!'S 10% " & () -2+, - 17hgy X <g11 S
10%t0#0& () - Y1! ZS 10%to#0& ()- Y1!'S 10%c& ()- Y1&Z10% 0& ()-f S10% 0& ()

10" 10 DWXMB70" 10' 0 10' o 10' 0<f10% 0& ()-!S 10%070& ()-VY1!'S 1092 2

& ()-Y1l'S 10% 0- 0& () - Y1!' S 10%to#0& ) - Y1j >dEMB70" 10' 0 13

109K () - 109K’ () - 109! () - flo%v& ()-F10%& ()-L10%E& ()->BQIEMB70° 10'0 1F

10%W&' ()-9G 10%VK& -510%\/& 10%v& ()-10%v&' ()-s10%v& ()- QSAEMB70° 10'o
1% 10%V&' () T@:leﬂ yHAMow G}'O\E&‘th Sppplgmm ()-L 10%v& ( ) - [ DaBVB70°
10' oF710%VE&

Fetal Bovine Serum 100 ml
Glucose 1.85¢g
Ammonium bicarbonate 22g
Streptomycin 140 mg
Gentamycin 50 mg
Ethanolamine (1 M stock) 0.1 ml
Lipoic acid %912 mg
Linoleic acid 384 mg
Tritodo-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 50 mg
Aspartic Acid 244 mg
Proline 522 mg

* 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% HCl.

SUBSTITUTE SHEET (RULE 26)



10M 10M 10M<g109%V&’ () - 8109%V& ()-6~% 72 @' 10' L! 109 ()-! @ 10%E& ()-! @
1090WVE' () - &@LOYVE: () - 10%VE' ()-F 109%VE () - %5$e} A? @'

10' 52 1000& () - S/ 10WE! () - |, , 10%AR: () - 2* 109 () -1 %40% }& (3

" 1090 () -zebC0" 10' FL0%W& ()- sS109v&' ()- 10M 10M N 2003

10NKF 109 () - 93109%v&’ () - f 810%VE' () - ' %hdzX6bCD" ! ° $f
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10 receptor family.
5. The method of claim 3 wherein said TNF receptor family member is a lymphotoxin- 3
receptor, TNFR-55, HVEM or a fragment thereof.
6. The method of claim 1 further comprising the step of recovering active protein-Ig fusions
from said culture system by hydrophobic interaction chromatography.

15 7. The method of claim 1 wherein said culture system comprises insect or bacterial cells.
8. An active protein-immunoglobulin (protein-Ig) fusion obtained by culturing a mammalian
host cell transformed with DNA encoding the fusion in a culture system having a low
temperature of about 27° C to about 35° C
9. The fusion of claim 8 comprising a member of the TNF family.

20 10. The fusion of claim 9 comprising L T-B receptor, or a fragment thereof.
11. The fusion of claim 9 comprising herpes virus entry mediator (HVEM), or a fragment
thereof.
12. A method of making a pharmaceutical preparation comprising an active protein-Ig
fusion said method comprising: (a) culturing a host transformed with DNA encoding the

25  protein-Ig fusion in a culture system having a low temperature of about 27° C to about 32 °
C, thereby expressing active protein-Ig fusions; (b) recovering active protein-Ig fusions from
said culture system; and (c) combining the active protein-Ig fusions of step (b) with a

pharmaceutically acceptable carrier.
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21. The method of claim 20 wherein the temperature is about 15°C to about 20° C.
22. The method of claim 20 wherein said transformed host is first cultured at a
25 temperature above about 30° C for a period of time sufficient to allow growth of
said host.
23. The method of claim 20 wherein said protein-Ig fusion comprises a member of the
TNF receptor family.
24. The method of claim 23 wherein said TNF receptor family member is a
30 lymphotoxin-8 receptor or a fragment thereof.

25. The method of claim 20 further comprising the step of recovering active protein-Ig

fusions from said culture system by hydrophobic interaction chromatography.
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LM HEYER () *+, - . FOdheAP Y & peptide chains, wherein the Ig Fc domain is altered thereby
<=>? @GA\BCDEFCHI J KL.I\/NODQ?STU\_X/\XYZ[ \]~_"abcdef ghi j kl mopqgr st u_vwx¥z{ | }~
| " #SOR' () * altering the rate of disulfide formation in the hinge region of said protein-Ig Tusion.
10 31. The preparation of claim 30, wherein said Ig Fc domain is altered by replacing at
least one cysteine residue with alanine.

32. A protein-Ig fusion comprising an Ig-Fc domain crosslinked to a peptide derived
from the TNF family wherein at least one cysteine residue on the Ig-Fc domain is
replaced with alanine.

15  33. The protein-Ig fusion of claim 32 wherein said peptide is derived from a
lymphotoxin-f receptor.

34. A method of making a protein-Ig fusion comprising an Ig Fc domain crosslinked to
a peptide derived from the TNF receptor family by mutagenizing at least one
cysteine residue to an alanine, thereby increasing the yield of active forms of fusion

20 expressed.

35. The method of claim 34 wherein said peptide is LTBR, and the cysteines at
positions 101 and 108 are mutagenized to alanines.

36. An LTBR-Ig fusion protein comprising alanine at positions 101 and 108 of the
LTBR peptide.
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