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

30  likely RANK receptor, bone resorption is hindered and bone mass increases (Bucayet al,
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of the receptor- nedi ated pathway represents the nost exploited
due to immmune system involvement. For example, a soluble form of a recently described

receptor, 6steoprotcgerin, has been shown to block the loss of bone mass (Simmonet et al,
20  1997). Thus, the events controlled by TNF family receptor signaling are not necessarily

limited to immune system regulation. Antibodies to receptors can block ligand binding and

thus also have clinical application. Such antibodies are often very long-lived and may have

advantages over soluble receptor-Ig fusion proteins which have shorter half-lives in the
blood. .

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

30  administration of the ligand, i.c. the natural pathway or by administration of antibodies that
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t.herapeutic application of these receptors, originally it was the
activation of the TNF receptors that showed clinical prom se (Aggarwal and
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nodes and spleen in the mature immune system (Ware et al, 1995; Mackay et al, 1997;.
Rennert et al, 1996; Rennert et al, 1997; Chaplin and Fu, 1998). A lymphotoxin-B

receptor- immunoglobulin fusion protein can be made between LTPR and IgG (LTBR-Ig)

that blocks signaling between the surface LT ligand and the réccptor with consequences on

the functional state of follicular dendritic cells (Mackay and Browning 1998). This

blocking can furthermore lead to diminished autoimmune disease in rodent models

(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 functio‘n of this receptor is currently unknown, but a HVEM-

Ig fusion protein may be useful for the treatment of immunological disease and this
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transformed hosts at a temperature of about 27°C to about 35°C. Preferably, mammalian

hosts will be cultured at a temperature of about 27° C to about 32°C.
In yet other embodiments the invention relates.to methods for the expression of
20  high yields of active fusion proteins by culturing transformed hosts in a yeast expression
system at low temperatures. When the desired proteins are expressed in yeast, the
preferred temperatures are from about 10°C to about 25°C, more preférably from about 15°
C to about 20° C.
In certain methods of the claimed invention, the protein-Ig fusion comprises a
25  member of the TNF receptor family such as a lymphotoxin-B receptor or a fragment
thereof. Alternatively, the claimed methods may encompass the expression of a desired -
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

30 fusions that are obtained by the claimed methods, and pharmaceutical compositions
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Cto about 20 C In certain nethods of the clained invention, the
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obt ai ned by hmg nmet hod of expression in yeast, and pharnaceuti cal
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tranf or md WPAPFRSHABOLRARYS APSiRR PLOERS IR Yeast. PM §vl&qn&eﬁ low fesrperatingsf abayt H0°
C to about 25 °C, more preferably, about 15°C to about 20°C. Active fusions obtained by

this method of expression in yeast, and pharmaceutical compositions comprising these
active fusions are also encompassed. Methods of making pharmaceutical preparations are
encompassed within the invention comprising active protein-Ig fusions comprising

20  culturing a yeast cell tranformed with DNA encoding a desired fusionla-t a low temperature,
preferably about 10°C to about 25°C, more preferably about 15°C to about 20°C. In the
most preferred embodiments of all the compositions and methods of the invention, the
protein-Ig fusion comprises a lymphotoxin-B receptor, HVEM, or a fragment thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

25  Figure 1: Schematic of the receptor-immunoglobulin chimeric protein. The left panel
shows a cartoon of a typical IgG molecule, the Fc domains are filled in black, the heavy
chain variable domains are colored in gf#y and the light chains arc left white. The middle
panel contains a schematic drawing of the LTBR molecule including the intracellular (dark
gray) and extracellular (light gray) domains. The right panel depicts a schematic drawing

30  of the LTBR-Ig fusion protein.



preferably about 10C to about 25C, nore preferably about 15C to about 20C.
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Schematic of the receptor-immunogl obulin chineric protein. The left panel
shows a cartoon of a typical |1gG nol ecutee, the Fc domains are filled in

bl ack, the heavy chain variable domains are colored in gray and the |ight
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Figure 5: Ability of the flow through (lower) and eluted (upper) fractions from the AGH!1

affinity column to bind to surface lymphotoxin. Mean fluorescence intensity values were

derived from a FACS analysis as described. Examples of the FACS profiles are shown on

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

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

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

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



inactive form peak 2 the larger, active formof human LTPR-1g. Fractions
corresponding 25 to peaks 1 and 2 respectively were pool ed and anal yzed on
a 4 - 20% SDS- PAGE gel (inserted panel). The lane |abeled "1" contains the
"inactive" material frompeak 1, lane 2 the "active" material from peak 2
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i ndi cat ed cul t @¥)xpools eﬁgeewfw@gosemfaﬁtm rlgr ﬂﬁaéﬁaémsfgcwéwgedaw&} yzed in
dupl i cate hy- ngpsgduci ng SDS- 15 PAGE el ectrophoresis using 4-20% gradi ent
gels- foll owed by western blotting. Figure 9: Effects of culture tenperature
on t he percentage of dead nmaterial in the total anmunt of human LTRR-1g

Secreting T ocoRlAL: SRERARE R b AR orRi SRR Bl o BbRS,

t enper at ur es argebﬂdwdﬁfe&na&mﬁbrhmrrhhmd%ell Supéatagitsl Ejolvh QCkhOMditital citire A
affinity chronmatography. The percenéfgge of the "inactive" form of_ human
LTF3R 1 g was addeResescantaiginghpman LTER-ewera alyped ip dnplipte by ansaugingfhy

The X-axis fseppaiiigub regﬂlung%$20%§%ﬁﬁ WBlonki Yedith SioBPS Lhe amount
of "inactive" matena Xpresse ercent age of ehe totaf anmount of
human LTPR-1 & secreted by the cells. 25

Figure 9:. Effects of culture temperature on the percentage of dead material in the total

amount of human LTBR-Ig secreted from mammalian cells. Duplicate flasks containing

CHO celis secreting recombinant human LTBR-Ig wete cultured at the indicated

20  temperatures and the secreted human LTBR-Ig was purified by Protein A affinity
chromatography. The pércen'tage of tﬁe “nactive” form of human LTPR-Ig was assesses in
duplicate using analytical HIC chromatography. The X-axis represents the culture |
temperature, the Y-axis shows the amount of “inactive” material expressed as a i:er&:cntage :
of the total amount of human LTBR-Ig secreted by. the cells. .

25 ' .
Figure 10. Nonreducing SDS-PAGE analysis of HVEM-Ig prepared at 28, 32 and 37°C:
Protein A purified preparations of HVEM-Ig derived from cells cuftured at 28, 32, and
37°C were mixed with nonreducing SDS-PAGE sample buffer and electrophoresed on

precast 4-20% SDS-PAGE gels. The protein bands were visualized with coomassie blue.
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Fi gure 10. Nonreducing SDS-PAGE anal ysis of HVEM I g prepared at 28, 32 and
37C. Protein A purified preparations of HVEM I g derived fromcells
cultured at 28, 32, and 37C were m xed with nonreduci ng SDS- PAGE sanpl e
buffer and el ectrophoresed on precast 4-20% SDS- PAGE gels. The protein
bands were visualized wth coomassie blue. -8- The-band marked with an
arrow represents unaggregated HVEM | g. tie hi gher nol ecul ar wei ght bands
vi si bl e on t he ARbakdhiREDWIan. ah@w&@;ﬁésexgaﬁ:&ggréghreﬂmvm.ﬂgyrﬁc]tﬂgheﬁéﬂ&‘cular
anal ysis of the binding of HVEM gener ted at 0%7 vs 32 Cto surface 5
Li ght and/ or T‘aqlﬁllbﬂ)ds"Blbl‘fcﬂ“ﬁ@@? 5’a§%" g4 PBi on concentration to
293 cells transfected with human LI GHT showning that material generated at
32 C binds better than 37 material. B). An exanple of the FACS profiles
observed of HvERigaug 16i FACSgnalysiscof tlwchrr@)m' tof HiViEdhlggengatedyat 37° Ys32f Cappurface

transfected 293 .cel | s, X g of 32
C gener at ed f!\/éﬁ}ﬂ%@n& rl&%ﬁs{}%%‘ggé oflzitétﬁglI l?f’g%gﬁ@%n CHQ‘?]‘P%BQAH 95@1’1’% l'ine
\é/hl ch dljL ; pl Zyglstzﬁ@khed-ﬁ/ﬂirﬂ'um¢l?ﬂ'fﬁmidg}tmhtatenxllganeratéﬁ a4 BIQ)bmdsm:tteeman

i gure core_ anal ysis o e bindin ei t her
| ynphot oxi n-a  ¥4mpagrial; Ebﬁ&ﬁWB‘PfA}“’c%(gsd &ﬁ%@s?ﬁ’ﬁ% ﬁ%ﬁ"&f?}%¥
generated at t héo%&n%ciéne&f%ym t§ MRS PiritsRoted EBRIS WT)V 6A AlfG¥Yex@mbl admag
event at one concentration | igand and the 15 faol |l ow n%ﬂzconcent rations

were enpl oyed: iBproved binding 0f327‘5$5n$f387¢ H\f’ﬁ% toghesyrtacg obthe LR 31T cell hybrigpmy

ug/ m . Each gchi l&?’ﬁ%ﬁl SodiNEh¢BFdModdiad equal
anount s of gecg%e}t,@rﬁcﬂ agp\?é’rgsegog]oun Al LE EEé%:I!?I %?? d’/ﬁl}{e?eéience w il now
be made in detail-to the claimed invention. This invention 20 concerns the
ability to prod ce _.-f t|o a rms. of .

i mrunogl obul i ‘n ]&?n ‘})Fﬁ"f"@f‘*rﬁ s#@g@& 6‘?%“?’#‘%%‘8%{.?”%“@“0%3 success

of clinical int megngana@ﬁ, B lcBre chipS RithabiliHVEMER ZeirAtddt Haed differtetes a | ong
term presence and the abilicty to treat chronically or a mninmm durl ng

di sease flares. temperaiures, E{mhép@mahqvéﬁ§lf@fn8§i{@hatf08§?®ﬁ°“|5‘%‘%‘b‘? fhigandsnd f$ran use
w |l not hav 1g f f t b IRReseENCE
duceﬁ%ﬁﬁ@:ﬂ% ?&%L&a%o?é vﬂﬂ@érﬁé‘@c@ 30T §570] 499, @ 683 a7t 6183,10.11788

wll 25 re enc and the altered structures coul d
elicit anti bodyOIOmgMnEe@xchtphm lqadgdtﬁ&tms{im@ &Uéevenxe@aaitlngﬂ@fecm@mnmgoff her eby
reducing its pot ency ove anti -
recept r-Ig were bound. .
DETAILED DESCRIPTION

Reference will now be made in detail to the claimed invention. This invention

20 concemns the ability to produce high levels of functional or active forms of immunoglobulin
fusion proteins of receptors in the TNF family. The success of clinical interventions with
receptor-Ig fuison proteins requires a long term presence and the ability to treat chronically
or a minimum during disease flares. Idcally, preparations of such fusion proteins for
human use will not have any aggregated, inactive or misfolded forms as their presence will

25  reduce the potency of the drug and the altered structures could elicit antibody responses
that may facilitate clearing of the drug thereby reducing its potency. Moreover, anti-
receplor antibodies can dircclly cross link natural receptor on the cell surfaces thereby
activating them, i.c. agonistic antibodies such as those described in Browning et al 1996,
JEM. Agonistic antibodies activate the system and thus further receptor-Ig treatments may

30  be less effective or even detrimental. By “immunoglobulin fusion proteins™ we refer to any
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receptor antibodies can directly cross |link natural receptor on the cell
surfaces thereby activating them i.e. agonistic antibodies such as those
described in Browning et al 1996, .TEM Agonistic antibodies activate the
system and thus further receptor-lg treatments may 30 be |ess effective or
even detrinmental. By "inmunogl obulin f I on prote| ns" we refer to any -9-

fusion of any funct ns o theetra lula mai
pol ypepti de wi %"ﬁm&ﬁ Y@B&“F‘?'ﬁf?"&fmﬁ ﬁ ‘%’l’ﬂ ng’”é%iaﬁﬁs e.g.

the CH 1, CH2 pd;ms;lﬁmtqmua éblin mmxm@ﬁdn@resg thlamotﬁz BF eﬁ@a@%ys drhe
pol ypeptlde S menber of the TNF fam ly of receptors. The portions of

the Ig nol ecul eomwua@srthwf f?féﬂ?faa'dth'M*dﬁ‘r&raﬁ@ﬁi%beSO it TN iy of i n

| sotypes, incl jdiggs iy ﬁmmkrﬁ:g h3feeute mhﬁéé?we{rrgﬁ{laﬁslmh@%ousBy " TNE
famly of recept rs" we re er to any receptor natural |l y menbrane
bound or sé&cr gneehoglabulinisotypes, mbléln&fformsveﬂiprlgﬁibgﬁlw IphechBRAENF he
canoni cal TNF | recept gr _whi ch
binds to a def ?"%’?& oyre%%trse v\g’q‘f{ﬁ‘%?’%%k%gmgﬁ)}hgﬁgﬁsdfu%lgm b(aene ggu“ggﬁner et al,
1993). The cl asdmttdl(n\lembmaof mtwpmegermnmthSczmehledlGINthﬁxmlg.Ocy?tBﬁef amly
receptor-1Ilg fu ns obtained by the ds sse herein, as . well as to
phar maceut | cal ENFRAUITSIN anTETRBier ?P’HE*"P%&HP%% EerSf*&TFNF family gt ossed
In.two forms ip :ﬁiﬁ%%ﬁﬂ&eﬁ@' 19930 "Thé bifR8 EhvBrRIBR S5therQUBbYmERL fefatest®e form
bi nds |igand W|th hl?h affinity, the "active" formwhereas the other, the

"inactive" Wor mé@ ereqcptorrlﬁfgsrqwktam@ kyrthe mgthods discussadchercsy. pswalkas ot been
described. 15 hk?tlaly { % F receptor-1g fusion proteins,
however, the n ture 0 repq{aﬁg‘gt?vénsi‘gr m-gli\ls not clear. The two forns were
di scovered by the dﬂ%d@(pmmri 1stemesbainnisﬂqﬁonnannﬁﬁ&‘eylaéa‘cllanea:lymssharﬁm
expressed material confai j dera Q'&’“ cos atlor,l, het er ogenei t
however, this REFEF g‘@e‘h‘bﬁf? ‘g‘ﬁ ?‘?c{&? @oaé mﬁ'o e r58Yg tf°§nhw’t‘qﬁ ﬁ]&r‘?&“te sonal
probl ens descr iHeemhaltREcfornr 8des 8%ATHIs hixtiB @it d H&@EH3 had ot see%@@ﬁts& as a
sol ubl e 20 nononeri¢ formlacking the transnenbrane-domain and t

i munogl obufi nPrEXiopsdyfonsy °f%WNFr?FﬁH6"Ig£?FéP“meth$’ heweyEr, &Ie;ﬂé@?;ﬂfﬂleed forms
are observed. Batdve34rids foreRsl, FRUBITFomBWMERASHLAER ftﬂéﬁf@se c%%fﬂ?o bands in

i mmunopr eci pitated by BDA8, an antibody that recogni zes on functi onal
forms. Mor eovern SPSHEAGEfRnaysisy Theexprdssed matariakcohtaine cerisidedable gb’bgsyl@sgd ation

het erogenei ty. g{ﬁrf)gcéxgﬁ)}fEAvye’ver\,’\@usshgé%'éér%ﬁmeQ%Ecelgl ngs?l s%ﬁ% i fu?n&w%al

non- menbr ane anc
problems described here. For example, when the receptor is expressed as a soluble

20  monomeric form lacking the transmembrane domain and the immunoglobulin Fc region,
non-, mono- and di-N-linked glycosylated forms are observed. Both single and double
glycosylated forms can be immunoprecipitated by BDAS, an antibody that recognizes only
functional forms. Moreover, the affinity-purified forms have similar glycosylation
heterogeneity. More likely, we speculate that the expression of a non-membrane anchored

25 form leads to some aberrant disulfide linking resulting in inappropriate crosslinking
between the two arms of the receptor-Ig dimer.

The TNF family of receptors generally 34 repeated domains in the extracellular
ligand binding portion with about 3 disulfide bridges per domain. It is conceivable that
inapproapriate folding would lead to either an incorrect pattern of disulphide bonds or the

30 lack of some formation of disulphide bonds (illustrated schematically in figurc 2). In the
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25 formleads to sone aberrant disulfide linking resulting in inappropriate
crosslinking between the two arns of the receptor-l1g diner. The TNF famly
of receptors generally 3-4 repeated donains in the extracellular |Iigand

bi nding portion with about 3 disulfide bridges per domain. It is
concei vabl e that inapproapriate folding would | ead to either an incorrect
pattern of disul phide bonds or the 30 I'atk of sonme formation of disul phide
bonds (i1 ust r e aTessawEls sipn profein, it ppponrs thay the parlyifplding ohthe Fademais g

receptor-1g fugies kY Qb&hiknt 3i}ne§&9‘3@§lﬁicﬁ ﬁ%&s&\lﬁ:ﬁw B CBQJXS?L% eQlvot he Fc

donmain enables its subséquent dinerizatio ch brings wo LTBR
chains, i.e. tteeeptongrms; mteqlossproximity, If the meeptasiompnpkdvanotyyet dofnpleted thietrc ept or

dore, e e, e ek QUL s oV 5, PO @

for free sulfhydr
Such i ncor r ect interdrmiibridging ySueh tneoireco foldingsmidy dedir, Siadisaltide setgmbIRyY miag sshit

between free syl fhydryl s juxtaposed next to already, fermed disulfide

| i nkages in bog%w"c%g'égs‘ﬁﬂ)&éyfsﬂ 1apgsed BFx im_nﬂ‘eé X F‘E‘% disulfide ligkages PBUBLHFE t hat
i ncorrect fol dieagngreEsliing réb 1 isUNS padsiRd thﬁ-ir}coh@ét'ﬁﬂdiﬁ% 5ochi Wih A€ binfieS ,

al t hough such errors may not result in a radically different shape. of the

final ol ecul eintpAm flding e, alshough suchereprs macaqtasult irarediently diffsrenbsbapecadi | y
resol vabl e  1054d fifh £BIRYAL! mmgtasghéwéqnmwﬂ %mbpqag %(ytibﬁ géadigmsom&@%

receptor, the fourth domain, i. omal n cl oses ransmemnbr ane
regi on has IBeebsitgnonventional sizing methedscri ti cal for |igand bi ndi ng when the

Gormi n may e 6 S Aag PERSS b Bt el dpan sl B TheRss
showed 't hat it irBfembiahd regibn Ads baet demiofistlate® tClsd driisd! forflighiabiddhgl vikh @i
protein, and that the nmenbrane ffg,r:tg%il acking the fourt domain was fully

active in bi ndfEPoF RS PIRGESSRY 3 @B A prefeiniMarstegoed pl, 1 Vhis domgip may be

recently, crystadchiqey mfyiof TRBXHSS. 6B PRIIRANIR 5B Qv kifie € Wal dcfidh
functions associated wth the fourth domain™(Naismth et al, 1996). The

fourth dond®n PRY ighegantes of theolgfusiappaptein apdihehthe pewmbrane fpan lacking the fucthc t
contacts with il : : ' 088| t
interarm bri dg?ﬁgmﬂ& ﬁ%%@%%ﬁn@&@\&lﬁ %gﬁc{n\:’\%&f%% f%ﬁoﬁ%%’%’segﬁ?%h lie
next to the hi regentisuedysGHograpiic Eelyshs treverpoinvadud dossible crifigal Bmitiinb gssadidtey t he -

glag g ?l'it ;5 gﬁpﬁe t ﬁ):i)tg gl{é?ouqﬁnl d%?nlél.%n axsrgﬁtl'peetrz]xﬁ ?9éayrh%?o&r&\{iiorsniax%|ise reia[}vc%if czo%Eelx)'\geﬁed
between species yet lacks direct contacts with the ligand (Banner et al, 1993). Itis
20  possible that interarm bridging in this region between the two fourth domains which lie
next to the hinge and CH2+CH3 Fc domains would not appreciably alter the global shape
of the molecule and hence may be invisible in size-based separation methods.
. Nonetheless, this molecule would exhibit impaired ligand binding. Receptors having only
3 domains could behave in a similar fashion. |
25 Reducing the the temperature during cell culture resulted in significantly less of the
misfolded smaller form (i.e. the inactive form) being secreted. This improvement is
presumably due to a reduced folding rate of the polypeptide wﬁit;h would allow for more
time to fold the individual domains of the LTBR portion prior to assembling the receptor-Ig

fusion protein into the expected dimer form. The absolute temperature required to slow

30  down the folding process is host dependent. For mammalian cells (i.e. CHO), the claimed
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Nonet hel ess, this nolecul e woul d exhibit inpaired |igand binding. Receptors
having only 3 domains could behave in a simlar fashion. 25 Reducing the
the tenperature during cell culture resulted in significantly | ess of the
m sfol ded smaller form(i.e. the inactive form being secreted. -This

| nprovenent is presunmably due to a reo_lt}(_:ed folding rate of the pol ypeptide
whi ch woul'd allow for_npre tinme to fol thebi,}gei Vi dug Esilonni ns oL t he

LT{ 3R porti on Phesipreferably oecnsy 3 frpperaiirssal abpubg Tt & 2opY S5t MArRrEfeRbnt o t he
expect ed di ner RIPSeat gy ; wn t he
fol di ng procesﬂs}é@s rgtl}?eﬁag%gg?;ﬁﬁ?&%r rrgrrr%riaﬁ%n Ce%df?gé(%%@%ﬂ%&c&?he
clainmed -11- maltredygensd Sfead cyitteciadstodt gtompetemparatass afabab d0AC @dkouwt 0 about

35C, nore preferably the tenperature is about 27C 1‘:}‘3 about _32C. d ai ned
met hods al so canCHsefgrably from apauids C fo Abpyl20 (S iparhisie signbisat bengfik ur e needs to

be grown ats tenper ghuiasidilof e QidimelQfvehforPBW the &5tfect MBIdRSF A plbfefiTy aboUL
15C to aboust 20C t?‘g%q?éo\%)fg{agﬁﬁi car?t %enef i tf: 5 IcEpr 0|gt ati pnpofe the
cl ai med i nvent fusionsalll roaysbetdesirablor in gerne ¢irdunistagres o allowicelbgnowtitathigharg  f usi ons.

It may be desirable. in sone citcunsiances |1 ow . cel | . growh at .higher
tenperat ures, FEPORYE f’ree,xa’EBI&ﬁ%mggz (?1?? a§8‘36§%4 ‘E{“gavd‘f":ﬁr? l_y%ﬁ'lercyﬁo“c')%lvﬁ} a very
low level of geRrpresedn@i tHefcldnbEgett ANESLCHL NTeiht Hesﬁ@&%iéwth@fﬂﬁ&f; the ARiodesi r ed
growm h period; the fusions can be expressed at the |low tenperatures, to

produce an i ncFaBEe BXPresse 3 therlow temperaturgssto prrduce pp inprrased Yigldof Aetive ftsiopss i n

mamal i an sy st-aig ' @Egn[@rgﬁ : ; g 2H] sreabout
35C, nore gér(eferag‘fl?/énafgg%@a%g to a%ﬁ?f%g’é?&%’%, ?%ox%q%ﬂg%fﬁeclyﬁg%ods, by
| onering the t€mpsboat3s°€, mbre piefecddlytdboutpr otein-1g fusions are expressed,
allow one skilled in the art to regulate the folding of both the protein
15 and the | g PofFt? st 34°Ci he desired protein. Additionally, using the .
clai med method inclygl ifab b ho RN 1BtvedbncOnye it Alich EOEBRRALILI aphy
t echni ques, ane qar?hﬁ%vq\%pﬂ%{nwhttﬁ% gﬂivg ractions rSUff_il%hl enél y tg use the
chi nmeric pr ot efusiong aze &ipoeskedi atiomrrob ojliekin theartde fegwlate the Jelding oot theprotain
settings. Lp addifion, .. usi he .cl ai.ned net hods having | ow tenperature
(i.e. 5 32 fo%’%élﬁggﬁﬁlogs%fgg‘?é)ers&fg”@%lg'st) cell culture conditions, it is
now possi bl e to pr efdditonally, usifigthsclpigned adeghot irfcluding efinity gidfoy the conventional

chromatography techniques, one can now purify the active fractions sﬁfﬁcicntly to use the
chimeric proteins to block immunological function in various clinical settings. In addition,
using the claimed methods having low temperature (i.e. < 32°C for CHO and < 25° for

20  yeast) cell culture conditions, it is now possible to prepare culture s;lpcmatant that is highly
enriched in the larger, active form of human LTBR-Ig. Moreover, it is possible that other
members of this family of receptors suffer from similar problems. For example, we see
two similar bands on non-reducing SDS PAGE for the TNFR55-1g (also called the p55 or
p60 TNFR). Similarly, the properties of another TNF family receptor called HVEM are

25 improved by secretion at lower temperatures. This receptor may form an example of an
intra-arm folding error as therc are no obvious size differences in the materials made at the
various temperatures. Nonetheless, regardless of the mechanism, the claimed methods
having results in 2 higher percentage of lowercd secretion températurcs more active fusion
proteins in preparations of the se and other member of the TNF family.

30



LN s e T TT T s am o e E S mymem s om0, R - - G T e e e e e s e e e

gnriched in the larger, active formof human LTRR-1g. Moreover, it is
p055|ble that other nenbers of this famly of receptors suffer from
simlar problens. For exanple, we see two simlar bands on non-reducing
SDS PACGE for the TNFRS5-1g (also called the p55 or p60 TNFR). .Simlarly,
the properties of another TNF famly receptor called HVEM are 25 inproved
by secretion at | ower tenperatures. Thi.g.receptor may form an exanple of an
intra-armfolding error as there are noggmpiQUS Size differences in the
materials made.at the various tenperatures. Nonethel ess, regardless of the
mechani sm t heExampled omAbithagpecifical wgogn@smhetlsveufwwaofmugmrla Int age of

| ower ed secretion t.ﬁ[m 0S ;- par ations
of the se and ot her ﬁrg IEB t @fgﬁﬁgﬁyh&?sretﬂéégg@mfgﬂ&QS%?l es gnpl 1.
mMAb t hat speci fraéecley witha@ipsmideat bnepdnﬁudausﬁngrsrmddrd prowhnA ba'EécBHﬁiigy The

LTPR-1 g prote| ure.l n.secreted fromeither or cells
transf ect ed® wi &Hgﬂat ‘agek}ﬁ %aetg%. ?‘F‘f?‘@ﬁ"’lfé’f’%‘nsés {}fﬁﬁ‘gwli’ SB?Q(?:FEWSQ based
affinity 5 chr ggat oo i@nhinG ﬁa@&mfi.gspmeryﬁuﬁdefgemgafegy @h@uﬁ&%ﬁ%:ﬁfar‘ﬁy t wo
cl osely spaced bands at about 100 kDa on a nonreduci ng SDS acryl am de gel

(Figure 3). ThebauidkBaitapparemt size. When thopraieinds feguced. assansishly bya bagdlsat abamhen 't he
protein is redy ﬁﬁﬂaaﬁésma éédl tf.% ti%?eﬂgéne% ﬁfaksllauo?&x&}ﬁés)a%e. an@gwd

resul ting from het erogeneous g cosy ation (Fligure

observed under obssrveé dudst nepreslocing ¢onditiens, hrweseredo, nouvsnimlrectbsfmm thdi rectly from
the 10 gl ycqQsylatio erenc Ve i uced
bands. Usi ﬁ'g a® fEla‘?frx,llgm%nf é’& er}f(e)sc(lggtﬁ JQ%%% |ﬂE)"’opc?l Lo %d&:%g hﬂﬁf’u "rlF :f_ﬁa?ﬁ qvve showed
t hat anti bodi emoﬁmagmu@dlés to lhchumanAGBRl. wa stibwiDat andbwifmifom gradp/l, Lae | ar ge
MN form of the receptor (Table I; all excet the s ivity for the

upper and | oweAHnd BR{S recogpize ‘Pf‘llib‘l‘f?ﬁf of thyrecepigy )abl“’tl,ﬁ%’tqa di es

fromthis groupchbiife sidgéilyl s tﬁé)uptpa‘ehnb ;mashnm wglzmn BRIRGwARg &\, dosged by
the 15 observation that an’Fab f ment of BDA8 can still block. Goup 11

mAbs can al so Bingbedies|fiogthis gmvnamﬁ irecHp foctheligand hingingregigh axgvideseeg\by the hese

mAbs show mni.xe
affinity co umg g@ﬁ’{) ese%%%%gz?ﬂvﬁggpﬁg{a bk %ggéﬂgx%%lﬁ-?ﬁn%n{ag and
appl i es the m liganddiraling, bovepeeraindictogidal astays, mimss)mAbmowﬁ@@éagonist and

antagonist behavior. When one makes an affinity column from these mAbs (AGH! was

used in these experiments) and applies the mixture of large and small forms of the LTBR-
g, the smaller form of the receptdr flows through and the larger form sticks to the column
20  matrix. Low pH clution yields a pure preparation of the large form (Figure 4). The two
fractions were assayed for their ability to bind to the surface phorbol ester activated 0-23 T
cell hybridoma cells, i.e. cells expressing surface lymphotoxin complex (as described in
Browning et al, 1995), and only the fraction that bound to the mAb was able to bind to
surface lymphotoxin. The flow through fraction, i.e. the lower MW band was completely
25 inactive (Figure 5). Specifically, supernatants from CHO cells stably transfected with the
LTBR-Ig construct were passed over a protein A column to isolate the protein. Pure
protein was eluted with 25 mM sodium phosphate buffer at pH 2.8 and the protein
containing fractions were neutralized with 1/10 volume of 0.5 M sodium phosphate, pH
8.6. Immun()précipitations were carried out in a volume of 0.25 m! with 3 ug of LTBR-Ig

30  and 4 ug of anti-LTPR mADbD followed by capturc of the mAb with Kappal.ock sepharose



Lg, the smaller formof the receptor flows through and the |l arger form
sticks to the colum 20 matrix. Low pH elution yields a pure preparation of
the large form (Figure 4). The two fractions were assayed for their
ability to bind to the surface phorbol ester activated 11-23 T cell
hybridoma cells, i.e. cells expressingssurface |ynphotoxin conplex (as

d bed dt
tﬁicﬁkbeménatﬁ%“ﬁ&‘%‘“@‘m% 4 R f"’“’ e otso Al BRpOf bt 8o 1O
fraction, i.edomaire Thowheads mbmedvbsce@mﬁwam@ny ti2Supeamaatdnit wes didaraglof e 5) .

Soect 1631 | B ek koot SSRGS A

protein. Pur aan@laﬁuﬂ’cﬂnm&m@ﬁgﬁgad) anidtttie baFervds sadéd omPSDSPABERRUGERT at pH

2.8 and the protein ai ni ”ggy%o%‘é ns were neutralized with 1/10 vol unme
Iah‘ﬁ‘ﬁ

of 0.5 M s%dlﬁ?fFﬁ‘H’cf‘é‘ e Retedi vk angiwmar g8 Kear ri ed out
in a vol une Ofraghedbe ugMécilB h&s&ﬁdﬁﬁ p&J}&&EﬁMEI%WHéWé&ﬁEU%&I (3R mAD
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20 Example 2. Conventional chromatographic separation of live and dead compenents of
- human LTBR-1g.

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

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

30  column and the large and small components are differentially eluted with a decreasing salt
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quantitative assay to assess the amounts of inactive LTSR-Ig

Baseline resolution of the smaller, inactive and the larger, active components of
recombinant human LTBR-Ig was achieved on a Perseptive Biosystems Poros ether/m
column {4.6x100 mm, catalogue No. P091M526) equilibrated in 1.5 M ammonium sulfate
and subsequent elution in a decreasing gradient of ammonium sulfate. The LTBR-Ig
preparations were diluted to a concentration of 0.1 mg/ml and brought to a final buffer
composition of 1.5 M ammonium sulfate, 20 mM sodium phosphate, pH 9 (buffer A). A
portion (1 ml containing 100 pg of protein) was loaded onto the Poros ether/m column.
The column was washed with 8.3 ml of buffer A. The active and inactive components were
differentially eluted with a linear gradient (total gradient volume of 16.6 ml) from 100%
buffer A to 100% buffer B (20 mM sodiuﬁ phosphate, pH 9) followed by a 16.6 ml wash
with buffer B. The column effluent was monitored for absorbance at 214 nm. The whole

procedure was carried out at ambient temperature using a column flow rate of 1 ml/min.
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Utrafiltration car Am con Beve connect
4°C. The column was washed with 50 ml of PBS, 50ml of PBS containing 0.5 M NaCl,

shed

and 50ml of PBS. To remove contaminating bovine IgG, the column was washed with
50ml of 25 mM sodium phosphate, pH 5.5. The bound LTBR-Ig was eluted by gravity
with 25 mM sodium phosphate, 100 mM NaCl, pH 2.8 in 3m! fractions and immediately

20  neutralized with 0.3ml of 0.5 M sodium phosphate, pH 8.6. Fractions containing protein
were identified by absorption spectroscopy, pooled and stored at -70°C.

Hydrophobic Interaction Chromatography: The protein A elution pool (40ml at a
concentration of 2.5 mg/ml) was diluted with 40 ml of 3 M sodium chloride, 40 mM
sodium phosphate pH 7 and 20 m! of 1.5 M sodium chioride, 20 mM sodium phosphate pH

25 7 (all solution were at ambient temperature). The diluted pool was loaded onto a 10x100
mm (7.8 ml) Source PHIS (Pharmacia, Piscataway NJ ) at a flow rate of 2 ml/min. The
column was washed with 79 ml of 1.5 M sodium chloride, 20 mM sodium phosphate pH 7
at a flow rate of 20 mi/min. The bound protein was eluted with 20 mM sodium phosphate
pH 7 at a flow rate of 2 ml/min. The absorbance of the effluent was monitored at 280 nm

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



B

Protein A affinity Chromatography: The concentrated conditioned nmedi um was
15 passed by gravity through a 10m Protein A sepharose fast flow
(Pharmacia) colum at 4C. The colum was washed with 50 ml of PBS, 50nl of
PBS containing 0.5 M NaC, and 50m of PBS. To renpbve contam nating bovine
gG the colum was washed with 50nl of 25 nmM sodi um phosphate, pH 5.5.
The bound LT(3R-l1gwas el uted by gravity!é-w th 25 nM sodi um phosphate, 100
mM Nadl , pH-2. QViabSQmonfsmmnsMainmwat-Wﬁ Zﬁzumelmprasehtz@mai HI®. 3nl
of 0.5 M sodiu hos ti C t wer e
Cdent i f1ed by SHEGHRNG TidsEe? seiieh BBy S AL fedBlet Bt i

Hydr ophobi ¢ | nthe aétb/e intateriahis botmd agiha iy ThEh'gumﬂdhsenmon@mﬂlmarmTtmol (40mL at

a concentration of uted with 40 m. of, 3 M sodi um
chl oride, 40 nffomesf 2‘?”‘& %ﬁb@ﬂ%"aé\ﬁg ngdﬁ a&%éis‘ SR thy follgw-thrayeh pad flntiomredi.or i de,

20 mM sodi upn phgssetndllye PH 25 7 (all solution were at anbient terrperature)
The dil uted pool was Ioaded onto a 10x100 mm (7.8 l) Source PH|
(Phar maci a, Pi scat akeExsiyyiomChrampiograpkystApperxinately 108 ml (1.3 me/mb of i!iﬁiﬂ@/as

a flowrate of ound otelrn was elute nmM sodi um
phosphate pH ultrafiltratidrl to @ mlasieg @ tenBiprdpBdrtancerifrator &bmmnbamﬂy,(MAi. Eheef f | uent

was nonitored at ctl re& co cted., Elution
fractons cont Smsentl? meiiupuSiont ptf 1 SRR eSSt THhAEMst i on
spectroscopy, [(Raiediaalipbsalh Bvader) toluhf Equilfirged i PBSkepfi@sRRlioF 1AV i Tl H C
elution profile, Under these conditions, the inactive material flows

t hr ough t he coF@Hﬁ“t&’r‘iﬂm lested in Sl feactios-eFractions confrining protein tuses identified byrhe
figure 7 inseryvcasdmics u%Ec%f:‘y cﬁcxehta@fm&@mémﬁm a%k@%zﬂ@&)nwﬁt 223 PAGE

anal ysi s of thefollowt and el ution pools, "5 respectli vel Size
Excl usi on Chr okgflasgloaphsing M&%%Mﬁﬁaql electrophasesis; Hragiongyvith l)urmlalt\'hid)lﬂl C
el ution pool ng. 1 of LTOR-1g were concentrated
by wultrafil trg%gr%ng nﬁdgtg&rﬁgrg%ﬁ%??ri préep30 concentrator (Am con,
Beverly, MAp.. The-Inalisnfachion, MBR@Q&n&e pigpmdthmanthxﬂadmdn@ammm Jftex 100 cm

Superose-6 pre [ra Phar maci a, U sa S den | utm equil i brated
in PBS at a fl f‘gi&ﬁé&g r(’?ﬁ‘A?‘WF’ﬁ a*l”ﬁ@’e T“I‘gee‘ﬁ't‘ %E‘F‘?%ct ed in 3 m
fractions. Fractions containing protein were identified by

washed with 79619%0%0})#0%%?19%%@@}) Bﬁﬂfﬁ 'of g@ﬁm sed ab’r\%&@ﬂa?e?gﬂat e pH 7 at

Example 3. Low temperature fermentation conditions enrich for the large, active
component of human LTBR-Ig during the cell culture stage.

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

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

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

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

30 culture dramatically reduces the amount of the small, inactive form of human LTPR-Ig. To
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t enper at ur e byheQaltyre @vak BitvtEPGIEPProk{n81¥S véfumes of growth media and incubated at 32
°C until the cell viability drc;ppcd below 80%. Lowering the temperature to 28°C during
‘the production phase also results in significantly lower levels of the idead? component in
20  the final harvest. It was interesting to note that while the cell number did not increase very
mﬁch during the production phase at 28 or 32 °C, a several fold increase in product titcr-
over culture gr;)wn exclusively at 37 °C was obtained in the harvested conditioned media.
The specific conditions that were used in the 32 and 28 °C process are described below.
Initial data suggests that lowering the culture temperature results in similar benefits
25  in other host systems such as yeast. It is interesting that in yeast, the beneficial effects of
low temperature production are observed at much lower temperatures than in mammalian
cells. Yeast cultured at 30°C produce predominantly the inactive form, cultures grown at
25 °C contain about an equal mixture of the inactive and active forms and cultures
fermented at 16 °C produce predominately the active form of human LTBR-Ig. These

30 observations suggest that low temperature fermentation will result in significantly higher
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dramatically decreases the anount of the snmaller nw conponent, thus
increasing the yield of the larger active conponent of human LTJIR-1g.
Based on these data, culture tenperatures of 32 and 28C were selected to
test if these observations could be duplicated on a |arge scal e under
conditions that would be suitable for manufacturing using.CHO cells 15
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predom nately pﬁ’t‘lﬁ tive formof human LTQR-1g. These 30 observations
suggest that |ow e‘r%berature fermentation will result in significantly

hi gher 'yields of the active conponent of human LTf 3R-1g in any secretory

host system One sB2CiGufl Guliurk Peocasst CFRYceBaiedinifhiah ITPR-IE bt KRRl
production tenperatures for each system Here we provide a detailed exanple

of how t hi stpr GEAPLES tQBOWHIP FyspeasipR Wersgrovsyin DYER/HAN JF-12 srpttygedia(ses cel |
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reducing the cell culture tenperature significantly reduces the “anount of
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carried out at t86d@Ficy of apfFaiinately Bx 105 vettsmili ToscellBasperaignafraiiboth spinabds and
the relati % argl?lyu%sswe% coim ?n% itovir?oclﬁl-gg%icl s%ale—up bioreactor containing approximz-itcly 10L
_ of growth media. The culture was oxygenated at 11% O, and grown for three days at 37°C
to a density of approximately 2x10° cells/ml. This culture was used to inoculate the |
production bioreactor containing 33L of growth medium at a density of 6.4x10° cells/m!.
The production bioreactor was then cultured for 8 days at the beneficial temperature of
25 32°C with the oxygen sparge rate set at 11% O,. The cell density on the harvest day (day
8) was approximately 2x10° cells/ ml with a viability of approximately 60%. . Under these
conditions, a titer of 12 mg/L LTBR-Ig was achieved which was two-fold higher than when
the same cells were cultured at the traditional temperature of 37°C. The relative amount of
the inactive component in the LTBR-Ig preparation was 17% which represented a more

30 than 60% decrease when compared to product obtained from a 37°C culture.
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10 components obtained with two different cell lines transfected with
different LTISR-1g constructs which varied in the extent of glycosylation
(not germane to the thrust of this exanple). 32 C Cell Culture Process:
CHO cell s secreting human LT(3R-1g that had been 15 adapted to growth in
suspensi on were growmn in DMEfHAM s F-12 growh nedia (see Table Il bel ow)
suppl emented wth 10% FBS, 140 ngfL sjgeptonycin, and 50 ng/L gentanycin.

For scal e-up, tmzﬂoé%‘i:cﬁnmw&eisl @ﬁ&s%eme&edngmm&@ﬁm floARR gxhmately . .
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scal e-up bi oﬁégg%‘gfsug%lc e{“errzl'jl ﬁg’zlgggﬁtﬂosiﬁm %ﬁ‘r‘%& f grgvﬁl%]l' “Mhe

cul ture was @hysydaapﬁd'oaoo ﬁll—kplﬁiﬁeﬂﬁasmrgithédml afipneimatelg 2% 18 telB/aTint 0 a
density of appr 2x 106 cells/ Thi | ture was_ used to

hocul At o 5t B BEE: ThhEbEs Wert F8HS RoTeG ik e Cletp Baknal Sbaorisehain at
density of 6.3%x10°Qangal %t edi suspths?on@mﬂ%@msgmnéwcm@@ﬁae coineli fien cul tured
for 8 days at the beneficial tenperature of C with the oxygen sparge

rate set at Iinsylae &hwh@e-eeblpreerémpm&mlomanpﬁéﬂm¢lvé%L of| gxpwitaasedia. Shewas
tel | 60% . Und
appr oxi mat e X:ul%}fétg'?s gkénﬁ{edmll?zéz%ﬁﬁr\é}ﬁgd&t&i% X%gﬁt?f E@ﬁ%eﬁﬁ{xﬁky naer

these conditions, ter S ac I eve I ch was
two-fold hi ghppronhatel)«mrho celi#mb Siis colairé wasvsedtodadctiateasto 40L 4rident 1&Mi t i onal

tenperatuye of 37C. .The relative un h tive conponent in the
LT3R T B e P eitaetors Siaite el Pt b4 s als Abf 5B RAR ! decr case
when conpar ed:$, orhe pesduction Bioteattom refelcOiared aﬁ@mhbwgenatéaml% O3l Cel |
Cuhure Process; cells secreting human LTOR-1g that had been "adapted to

growth in su§5’é¢f§‘ﬁwfmﬁ’f@x‘§\a@m"w\ Cedlofrl pyas reached i‘?"&?lﬁ)\ﬁ Attheendef davee t abl e
Il bel ow) SQQQ'!%&E%rWr&ﬂQmW@:E%erQ 289 a'n? l@!‘fg@)&ﬂ&é&f&/ﬁ&e cftifla o Mot

gent anyci n. For scal e-up, m - spI nner wer e 1 nocul ated at :
appr oxi mat el yan2dditi@s! Tddys. anday 7,rat &llgicmehommoaimaﬁheﬁdaf ¢elis/ebandee gr own at

37Cin a % %ﬂ{t O %nﬁxethorQJctoaRPer&mgf M th r%co 8&%&9 }alwsa./s m. The cell
suspensi-onis from sﬁ nner tures were co I nocul ate the
scal e-up bio r;mnessed asaianhaedubag:. amﬁcr@hesmexhynslﬂﬁﬁal dfer of appioRinaeiii 20. The
mg/L LTPR-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 represents a 80% decrease over the material prepared at 37°C.

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

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

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

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

different rates, yet exchange of the IgG! domain for an IgG4 domain did not change the

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

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

its absence. Replacement of the two cysteine residues by alanine resulted in a decreased



E

zcul ture was oxygenated at | 1,% 02 and grown for two days at 37Cto a
density of approximately |.7x106 cells/m . This 'culture was used to

i nocul ate two 40L and one 10 L 10 production bioreactor at starting cell
densities of_ 2.5-3x105 cells/m using a split ratio of 1:9. The production
bi oreactors were cultured at 37C and oxygenated at 11 % 02 until a cell
density of .- approxi mately 2x106 cel |l s/ mywas reached (two days). At the end
of daye=t WO, tduld P UERTEA aslqB AR a?&&

bi oreactors were cul tur edrﬂlr oiq an ‘%‘?{%%ﬁ’gl(}t%“%g%h% éﬂ?%c“h[‘iz cel |
densities of aﬁwwﬂmceﬂf@mm@@atains‘iﬂrﬂndé%cﬂewommﬂamtﬂSPCmeof >75%

t he bi oreactor ar vest d,t .condi ti processed as
descri bed abovdgale (gtég ciyﬁtgxg%sefg%g\cgggﬁ@ngegeﬂ ‘ﬁgﬁa‘i%l%g %f“%ﬁ’f“’é‘ﬂ‘?ﬁ’ﬁfféil y 20 °
ng/ L LT(3R- | g amimseacspetive bmpbiuets. rEhReesi€ 'Mn%e odifidatfoR bl repRERABE b@:‘ﬁ%{r the
titer that Jas bt ai ned when the same cells are cultured at 37 ?1

rel ative priopdFEfUshcasAmpIge e qualitnef 2 necpassiiprand, %&f§°"_99%1&msélhlelibpresent s a
80% decr ease Q¥flicenbf of Bl betlys RER 9@5&:@5 }%RIC S¥ereficid A ch?fagﬂyh% cAlterations
in the Fc Domain to Mmmzel%e Fornms During Productron ased on our
hypot het i cal enqslifigatiens @nuléfedwwhummm chigt@f@nn @8lukecourse tb lestemperature
preparations, m%‘?h(fgg edict that slowing the tine before Fc domai ns
woul d dineriz I'ncrease the fraction of correctly folded receptor
domai ns. W expl or ed sever al methods to achieve this result. It is possible

t hat diffegent lns t  different rates, yet exchange
of the IgGF0 o@?ﬁ’?‘ﬁ’fﬁ‘ mPé’&\ﬁpéﬂ}‘F&%rﬁ‘iﬁﬁfg’ﬂ fect Qﬂ@@tﬁ’?@eml ve dead ratio.
Secondly, the cyst ey;neanpesas de@alfﬁaﬂhb@emlertﬁegﬂomgtplaﬁwaysmﬁ%d'b?lé tdiéin fo0

pepti de chains were renmoved fromthe 1gd@ Fc donain by muta sis. The Fc
domai ns 30 cardetiotferfinakeagest formy quéthals@m displfide hdgeslinghg Gcffpmr mati on
but the rate ramiPse ﬁJlIEW?Bnd :ﬂay Aot Be ARAEIYoPt eﬁgglfﬁge%%&t 'I?l,se(ty CySt €l ne
resi dues by al anine resu i'n a decrease anount rm as

quantitated byosbengidags fanmmge@exeiar d?mtanrla{dacjmshnﬂurd dratain uﬂiﬂBE-Ig\mhd type

LTCR—Igwo d g ? Fforms del etion of
the cystei nes @g}%ﬁ!{b 2 O§1I(‘)"“%% al?xé (ﬂrec °d Titaggnesty 0 gﬁ&‘“ﬁ*aﬁié&%@%? ARvRRS
produced at t(hesgthe msmlenhg frem tlemp@rehw@ﬁnedﬁh Wad @bk 1993) kG € dAntplovent i on by
repl acenent of_bot t& CHR

ratio of dead/live material as evidenced by SDS-PAGE. With wild type LTBR-Ig typically

shows the presence of 50 and 5% dead form when produced at 37 and 28 °C respectively.

The mutant form with the one cystein disulfide bridge deleted had 20 and 5% dead form

20  whenproduced at these temperatures.

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

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

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

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

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

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

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



2 residues can inprove the quality of a preparation and, noreover, it is
possi bl e-that replacenent of only one cys residue could have a benefi ci al
effect. Such genetic. nodifications could reduce the percentage of dead
formw th recourse to | ow tenperature production nethods. 10 Exanple 5:
Del etion of Cystine Bridges to Correct Folding Problens Typically, it is
very difficult to define the folding pdthways utilized by a protein to get
to the final @8- Eéélis)f&’mmmﬁfé’{%‘F aied angd HEVENM dgpurifigdusing RigjeinAjaffinitye TNF

receptor M, y & | ded
state. Thesemb dﬂgg d ca ng éié?%ng@? npe’?rr%tgS glreg?@ml gtcsegsg bridge
in the third Mnﬂ(&rﬁwnﬁg&m IIQ9Mst:Embmmn\seidblb;zumrM@H‘lrmsnpdepsédlq

di rected nut esi t ei nes u t he
numbering fr gﬁf@ﬁ@l" gaﬁ%h‘ﬁihe ﬁ‘ﬁcﬁgﬁ WE‘P%F‘“@?% celuégﬂ‘ {% i npr oved
ratio of dseadéddingeegrmtdﬂhealsqmceemdﬁeaia@dvmm SPRIS19ACEhe x‘é%ég:tbrw:lhﬁlgt ype
LT3R 1g typically shows the presence of 50 and 5% dead form when produced

at 37 and 28 €omasefddEHy aray amplified birBCR apd fusedenge thmalphaamasing fastps feades
di sul fide bri gggen%ﬁkﬁgegaﬁesz&m%ﬁe/ge;ﬂ@ea%xf&menela?& PGS @E&%ﬁﬁ? apl these

t enper at ur es. ; | ower tenperatures to inprove qual ity
of a- prepar at 1396 d‘FFLWEMqﬂQ (@@Bmscemmu@a@ﬁsqqycmmwnwneckmnnts a TNF

P enep Rk BlathOedoforbliftink Bain SR MU LAGRAIERT L obuldboled8 art. 92"

and vvea ot oxi n-a uri- et at,
1998). Hunen- ldh‘EhAlmq:se@mceed‘hasoraumogexfcaéed:thc follovieg moleyuld>CR - anplification

of the extrace
egi on a6 dos ket FrAVERARS AR C AR ol PR B e B Y o
i nserted i nt oNGLLEZAATEASERPKEREVELEED - (R YHPOPBNEG@IRECESCRSKELNPAARLT@X
L r aESI ent ex pmsgmmcbmmﬂmm_ rRADseEAt eV TRANENSEKeeLcUdCPR.GRRASTIM t h
i copy vechq -21- .
Sugerna!tognts ée col ? L@’ﬁn%&?ﬁ@%ﬁ%@&#@“ﬁ%&&%ﬁ%ﬁ% ty
chr omat ogriaphPVRERPATBRYBEAENT i on. Reconbi nant LTa was prepared from i nsect
cells as deswrbe.d, :\Lﬁa&maﬁsxe&he éicpecéﬁ@fé@r)mnu&mmmé%aﬁ)lmiah €o

LI GHT was prepared tion of the entire cDNA using. from
acti vat ed 112§1rtbg|prqr;e§$¢cbﬂ>xj|cmqul héthe next two amino acids (EA). The protein was purified

from the supernatant by affinity chormatography over an anu-FLAG mAb column and

elution with either low pH or calcium chelation. Full length LIGHT was also inserted into

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

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

30 chromatography as described. The pruified preprations were stored at -70 C untill
analyses. When HVEM-Ig was produced at 28, 32 and 37° C and purified, all the
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5 coding region of the sequence described by Mauri et al, 1998. The
receptor binding domain of LIGHT was anplified by PCR and fused onto the
al pha mating factor | eader sequence and expressed essentially as described
for other related proteins (Browning et al, 1996). A FLAGtag and (4S)3
spacer am no acid sequences were inserted between the' |eader. and the
receptor binding domain such that the 82creted LI GHT woul d possess a N 10
ter m nal FLAGPseparaions dehavedsimidaily on8DS-BACEdedysis(fgiro10)cuggestingmiat Rigee

" MRFPSI FTAVLF T AQL PAEAYI GYSDL. PF oy
NGLLETNTT! A1 AR AU HbEinael aterc Hierdfoieascamment ol Emmidiuresk bridging
NSSL TGSGGPL LMI@&M@WW&&@%&&W 3:@dfaneHe doxin5am ie.

THGL YKRTPRYPEEL EL L VSQOSPCGRAT SSSRVWWADSSFL GGVVHL EA RVLDER
LVRL RDGTRSYFGAERRA™\RHERIRE RIShencralidior apprasiably affeds theyperal) shaps ofdhavmelequis inus of

the mature spr mm&@m@ 20\ Secertoi 1k R¥inPloQSG TP Shhrifed IV H cefi{ of NE NEXT

two am no acids é . The Biot ein was purif e superna ant by
affinity chood¥3eapsHivasd E23 eells wes dsseried\ FAGS biodingassaynfigued ). Ombutht h

ei ther | ow pH I rted
into 20 a vectcglg ’%%2%’5@6%2?3?@@%‘%5‘“%#‘{ ([13}9% Blrg?nace gf‘”ﬁ@ g&‘b{?

descri bed (Chifelﬁemetxp@sséon 282 @l Usi®BIAcoreR&Bolbgynitwvagotsaiéotis wieh t he
detection of r - S an Bl e ods for
measuring the %ﬁ@ogé&f gla& Iwéthﬂvé:‘rzs'ﬁg%mtsﬁm Wﬂ%@'@&‘ef‘ E‘%‘éﬂt&W“?‘é’f have
been descr ithegrdditaokehy ch:p) Mm%&:?aducéﬂheloﬁleﬂé@nb&athtwb&ﬁh abYe IVgaRd fhan ' eal
time neasurenents of t he rece tor). 25

rotein bound to the chi é )
CHO cel I s exprpé‘gg? qll%ﬁ\ﬂtf l"\‘/@?"é“%ﬁ)ﬁ"%@gﬁféﬁgl LT ﬁé%ﬁuht”f’%qbl@l‘# hedier er
bottles usi n&IGH?MMMﬁeﬁ%&B@'M@&eWnBH hM‘{b%ﬂ efb%aﬁ%t .
é W tth res nedi a

reached confluence, the spent nedi a was exch nge N gr owm
and the cul t ubdsingsyents fﬁél#l?é‘! basgengthat tigbindiik exerds RGe Gmildtregf@esaniithd?2 C

cultures were ! C culture 4 The
secreted HVEM p?&i wastt&lq %ﬁgdﬁﬁé&%“ ?ogt% xélggm a?ﬁ‘?t‘toﬂi‘stey‘egﬁ'eg’tﬂ%ﬂ‘ﬁééﬁ? aphy
as descri b¥d. pﬂp@npnmrﬁmwzqdrbem podetior tempartmres dWa tspeculldteChdy tHeildwer

anal yses. rod e d purified, all
the -22- pr epar'ﬁ\él ons uﬁiefaﬁl%{dﬁpgc?ﬁgéﬁ?’g@%%‘é SRareentags oflive 10)
suggesting t haﬁoldcakgeven though we cannot directly observe the fraction of dead molecules. Affinity

chromographic techniques as outlined above could serve to resolve the live/dead forms

|5|

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

incorrect folding.

Example 7: Generic Schermes to Minimize Dead Forms of Other TNF-family
Receptor-Ig Fusion Proteins
25 Most receptors of the TNF family have been prepared as fusion protein constructs
with immunoglobulin-Fc domains:
Reference
p35 TNF-R  (Loestcheret al, 1991, Marsters et al, 1992; Ashkenazi et al, 1991)
p75TNF-R  (Mohleret al, 1993)
30 LTB-R (Crowe et al, 1994)
Fas {Sudaet al, 1993)



alterations in the protein did not occur. Therefore, if aberrant
folding/disulfide bridging occurred, it was either intra-armor occurred
close to the hinge region of the Fc donmain, i.e. inter-armbridging and
hence did not appreciably affect the overall shape of the nolecule in 5
SDS- PAGE. The ability of the receptor-lg to bind to LI GHT expressed on
293-E cells or LIGHT on activated 1123_cells was assessed in FACS bindi ng
assays (figure 1l)cpfn bot hGogslihelafP@g3) -the ability of HVEMIg to bind
cell surface |ligand was inproved rough y 2-3 fold;upon expression at 32
C.. Using Bl Acor e GR&%hnol ogymithet alal®Bbser ved t hat -when. Bl Acore chi ps
were | oaded, with lgt 110 els (RU val ues reflect anount of 10
protein on the chidgwaEM?gﬁgﬁoo%ggé%ﬁgt | ower tenperatures bound nore
ligand than prot € produBeamataltl®ed)hi gher tenperatures (figure 12). This
result was_obt ai neﬁ}#@et her,, - LI GHT gr Ta was the ligand. The Bl Acore

bi ndi ng culves show e redMiemeRgifbditlof f bi ndi ng events and it can be
seen that the bi ndiveMeMenid ayegg@)si m | ar regardl ess of the production
tenperature. Therefore, a protion of the preparation is effectively dead
and this 15 proportion is mnimzed by |ower production tenperatures. W
specul ate t haty sbitallce imost REBE BlsH §r1dh29_§4(ﬁlgEfg%ﬁgw@('alfi@irtﬁ{lﬁhirﬂﬁ&sd' ng
probl em and inproved the percentage of [ive nolecules even though we
cannot di r ect #9 Pedstyeactiee relaéverte the solubie B¢ fodmnef thedive JDIF@eceptofst iltis pogsible

chr onogr aphi c [ [ . .10 r.esglve ,the

livel dead%jor%&%Pgloﬁggm&ﬁgﬁggﬁédﬁz%ﬁg 6@3&‘%@3}{%‘?’%@3@3 fno‘gmgn %%Pked grow h
t enper at ur es dead fam 2Rrsrinpyerandlaulfthar Bindowith caffitigi sabsanciallyn@0-1000 foldg hi nge
or inthe recgptor ifself_to.prevent .incorrect falding. EXx le 7, CGeneric
Schenes to M ﬁ’le'ﬁf than %@g?ﬁe fegPis- ibmayyg) by thﬁéhflf .?}“‘g%%é‘&‘ib gg‘ﬁbﬂqﬁﬁ bson
Proteins 25 I\/bﬁerdudeamttﬁrﬁligindt:&laivmﬁhé mlrgh kifinidpfofin BREDoPESBALGENAS fusion
protein constkgcts .wth i munogl obul i n-Fc domai ns: Reference p55 TNF-R

(Loest cher et Alberant inger-reqepprang, ok intra-receptoriagmy disulphide ipkagss may oggur leadingto 75

TNF- R ( Mok er 5 ks Rtive gro@kdd. 30 LTf-R (Crowe et al, 1994) Fas (Suds et al,

1993)
- 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 binding
assay to the native receptor on a cell surface (although other methods using recombinant

20 receptor forms may suffice) would be used to form affinity columns. The preparation of
the 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 (fypical]y pH 2.5 to 4.0) immediately neutralized. The two fractions would be
bound to either cells in a FACS binding assay (or any other standard binding format) or

25  ligand at varying protein concentrations. Some of these mAbs will selectively bind to the

' live form and a difference between the concentration needed to get 50% binding of the
flow through vs cluate will be seen. This result marks that mAb as a demarcating mAb.
The ratio of the protein in the eluate to the flow through will indicate the percent live form

inthe preparation.
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:23- CD27 (Goodwin et al. 1993) CD30 (Smith et al, 1993) CD40 (Fansl ow et
at, 1992) x40 (Baumet al, 1994) 5 4-1BB (Al derson et al, 1994)

H\/El\/( Mauri et al, 1998) .In several cases, nobst notably, Fas-l1g and CD40-1g
e.g. Fanslow et at, 1992, the chinmeras are poorly active relative to the
soluble Fc forns of the two TNF receptors. It is possible 10 that sonme of
these preparations are mxtures of |live and dead forns in varying ratios. A

dead formrefers sinply to a nolecule tH#at binds with a affinity
substantial |y (10- iltbes@mMsdr;us:deouiéqdqahahuaeﬁ@qfﬁwwaﬁmbe jivedorm. tM?fﬁ?/Vchot be

conpletely lacg, ?h&q{h()ﬂ}?ﬁgﬁﬂu %XssaﬁUﬁ?a’tM 26sef % r?uﬂuzre?&%\c%ss‘?gnfdf ety for

ligand rel ative Nty form ound o} I's naturally.
Abber ant i nt er earectdptroof tbcrdcs:md rcqaptpaFcr @wpﬂ“massaymrdiusbﬁr;bh bged in conjeagion may
occur leading to

>ale ors or
ot her ‘as yet uWHE?ﬁ%FfecanYegg%ﬁ? %8 ﬁn "Een'oagr}é%tg%tuo({rﬁnﬁbégg&%
prepared byscofyrmmk thembptbmmamlrmne@afﬂihpfeammt:s ﬂﬂﬂ'lgeﬁesahbetotdelmebtledmé( the

bi nding of the ligand to the receptor preferabl essed us a ligand
bi ndi ng assayaftdd’%%@“ﬂsaftl‘:\‘r‘éh‘%“‘e'&@ﬁffé‘t““b"r?“{gei’éQP‘I“%{%%;F@& °{“é‘|°$"l"}éﬁ tBi"}sler

met hods using paeRpLY :eemch%‘&:ﬁca%%:a{ ARk vd IR LIS ebihing Sethosddilidie used to
formaffinity col ums. reparation of the mxture of live and dead

recept or - Fc f ofxpioitedte %Péb@e hrenne deagvfermstand usipgthifmetied cylivee condifignsiasrid bgh
collected. The, Lu?&f E%S g@%it{eg%g&gﬁ INQUIB Ctﬁé A foMe téﬁlnc.btﬁutgée}l&s%qm%t h a low

pH buffer (typ| neutralize The two

fracti ons .woul d-:clmor pbmoncb deﬁnepmbiem d@@lﬂ(k bomswhmwmmd]yoddy&iﬂ (or any
ot her standardfubl nd for or 25 ligand at varying protein ..
concentrations: “f'%‘@% Fmbs will selectively bind to the live form
and a difference beAwaary dfh@se&@d’ép@fﬁWzﬂﬂiaﬁfhpp&ﬁdﬁdasttl@r@eﬁn&g%tbmr!ndmalg of the

flow through vs eluate will be seen. This resu
demar cati ng mAliseasqand ang wilkwagt to Be OBy BEOBFHY qgfﬁi % ‘i’ém%‘lnffe?tﬂ?“?%’ tgAbmFﬁlB&

through will i pgigeatRatiRenmP pleffitionlahd R @ podrbiddf iR RN BiveQtlity.
15 It will be apparent to those skilled in the art that various modifications and

. variations can be 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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;,24- These mAbs thus identified can be used .o affinity purify the live
form Moreover, their use in various i mmunoassay formats can be used to
optim ze for expressi on of the correct formof the desired receptor-Fc
form The assay can further be used in conjunction wth other conventional
purification methods to find nethods that would purify the active 5 form of
the receptor without resort to affigity techniques. Using these Abs to
delineate live and dead forms, the culture tenperature could be optim zed
and chromat ogr aphi c- et hods devel oped to enrich for the live form

Al t er nat i vible IHS@mpaiy, Xazk bbb exploited to.separate |live and
dead forns and usingt his net hod culture conditions could .be optim zed.

Li kewi se, these assays woul d form e daGiictiy f Or cyst ei ne mut agenesi s ofthe
.10 recéptor portion to define problem di suI fi de bonds which upon renoval
woul d yi el d functi onal |y aPlekipe t“éP i al lrany ofSokblese rReesetpit ors wi l |
have appl i ion asgfhe %@‘1"8’ g”‘l n b %W:nd e will want
to put only pro&_{m fornslnoapalent these methods for both
defining the preparation and renoving poor binding forms will have utility.

15 It will BB& apparent to thdese skilred in+he art that vari ouwss !
nodi fi cati 8f¥' and V&fiations can b& made i*h the met hods of ¥ pr esent
i nvention wpgout departing,fromt he;_H spirij or scope,of the jhventi ony,
Thus, it | suAwt ended«t hat the present: i nventi on coverwthe nogdifications
and variations of this invention provided that they cone W|th| n the scope
of the apfBffded cl &*ns and*t heir qgval ents. -25- Table. |:vSummary Bf
Anti - LT-b- RP¥Rbs HTZY oytotoxicity Bl ocRlng ni Ab SBtuble Miuble M
Receptaip @ cel | Repept or od Mobi | i;zed mAQ,.mAb wi t h Band mAby,aMe tai ji n
Bintlin' on Plastic' alone Tal/b2 Precipitated. Goup ' 10

* Assay assessed whether antibody biocks binding of soluble receptor (o activated 11-23. nd = not done.

* Goat anti-mouse Fc coated plate, captured anti-receptor mAb, HT29s plus IFNg.

“Blocks

25  ?Potentiates
© Variable, some partial inhibition in some assays, none in others.
* Receptor form precipitated using mAb plus KappaLock system.

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

30
Table Il Expression of LT&R-IQ constructs in CHO celis cultured at different culture

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

* 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
35 affinity purification using the analytical HIC method.
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30 Table H

Expr essi on of | Cq@Berie@ const ructs in CHO cel | S

t enper at ur es. | FétsdBovine S¢rulmer ment at i on Expr ess

Aguduntindd. growth média’ent| cul ture
3i160m% | nacti ve Tenperdture C

nglLa ConponepGhkose37 6 50 LT(3R0O5 32 12 17

48540 10 37 10 50 LTO3R0O9 32

- 28 76 6 a} Aol i&hoake! evel was assesg

@®k gising Protein Aafflinity

chr omat ogr aphVStre UNt—Of ThacltTVve Conpanghfe Present 1n The JTR-1g
preparation W ’ Fish il 1Y purtficatiomTdsi ng t he
anal ytical H E uEéhu S (1 M stock) 0.1l

Lipoic acid 91.2 mg

Linoleic acid 384 mg

Triiodo-L-Thyronine 0.2 mg

Ex-Cyte VLE (Bayer) 1 mi

Bovine Insulin 10 mg

Bovine Transferrin 10 mg

Bovine Serum Albumin 50 mg

Pluronic F-68 lg

Cysteine 82 mg

Methionine |34 mg

Serine 52mg

Valine 105.6 mg

Glycine 50 mg

Aspartic Acid 244 mg .

Proline 52.2 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.
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DVE/ HAWM's F-12 Growth Medi a Suppl enment s Conponent Anount in IL growh

medi a* Fetal Bovine Serum 100 m d ucose 1.85 Anmoni um bi carbonate 2.2
Streptonycin 140 mg Gentamcin 50 m Ethanol anine (I Mstock) 0.1 m

Li poic acid 91.2 ng Linoleic acid 38.4 ng Triiodo-L-Th onine 0.2 ng Ex-
a VLE (Baer) 1 m Bovine Insulin 10 m _Bovine Transferrin 10 ng Bovine
Serum Al bumin 50 mg Pluronic F-68 | '@X/‘stei ne 82 ng Methionine 34 ng
Serine 52 ny RETPIES 105.6 m Gycine 50 m As artic Acid 24.4 ng Proline

Chen brought & ar L B s R 8 07 20 7. 25 using
50% HCl . 5 Alderson, M. R. et al. (1994) Eur J Immunol 24,2219-27

Ashkenazi, A. et al. (1991) Proc Natl Acad Sci U S A 88, 10535-9

5 Banner, D. W. et al (1993) Cell 73, 431-445
Baum, P. R. et al. (1994) Embo J 13, 3992-4001
Bazzoni, F. and Beutler, B. (1996) New England J. Med. 334:1717.
Browning, J. L. et al. (1995) J. Immunol. 154, 33-46
Browning, J. et al, (1996) J. Exp, Med. 183; 867—2378

10  Browning, J.L. et al. (1996a) J. Biol. Chem. 271; 8618-8628
Bucay, N. et al. (1998) Genes and Developmelht 12:1260
Chaplin, D. and Fu, Y-X. (1998) Currem‘Opinion in Immunology 16, 289-297
Chiceportiche, Y. et al (1997) J. Biol. Chem. 272, 32401-32410
Corcoran, A. et al (1994) Eur. J. Biochem. 223, 831-840

15 Crowe, P. D. et al. (1994) Science 264, 707-10
Eason, J. D. et al. (1996) Transplantation 61:224.
Eggermont, A. M. et al. (1996) J. Clin. Oncology 14:2653
Fanslow, W C.etal (19932) J Immunol 149, 655-60
Feldmann, M. et al. (1997) Ann. Imm;nol. 64:283-350.

20  Goodwin, R. G. et al. (1993) Cell 73, 447-56
Green, D. and Waré, C.F.(1997) Proc. Natl. Acad. Sci USA 94:5986
Harrop, 1.A., et al, (1998) J. Biol. Chem. 273:27548.
Loetscher, H. et al. (1991) J Biol Chem 266, 18324-9
Mackay, F. et al. (1998) Gastroenterology 115: 1484-1475

25  Mackay, F and Browning, J. (1998) Nature 395:26
Mackay, F. et al. (1997) Eur J Immunol 27, 203342
Marsters, S. et al (1992) J. Biol. Che;'n. 267, 5747-5750
Mauri, D. N. et al. (1998) Immunity 8,21-30
Mohler, etal. (1993) J Immuno! 151, 1548-61

30 Naismith, J. et al (1996) J. Mol. Recognition 9, 113-117
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111111 L MS CLAIMS 1. A cell cultueg gﬂﬁparatlon conprising active and
inactive fornms of a protein-lg fusi erein the percentage of inactive
piotein-1g fusion is |l ess than 50% of the total protein-Ig fusien in said
prreparation.' 2 . The cell culture preparation of claim1l. conprising a
nenber of the TNF famly. 3. The cell culture preparation of claim. 1

' conpri si ng 1LTA delf EQIARE aflaﬁoﬂ_ B@mpﬁ&h ety il 13&&?@%&&19 Dhro zﬁ"I Kﬂﬁe

o =,79, "N Sebl e FLOR il TR B s

receptor-1g i PPy %ﬁ’é‘ﬁ&l‘%ﬁ‘ rep
2. The cell culture preparation of claim 1. comprising a member of the TNF family.

3. The cell culture preparation of claim .1 ' comprising LT-B receptor.
4 . The cell culture preparation of claim 1 comprising HVEM.

5. The cell culture preparation of claim 3, wherein the amount of inactive LT-8
receptor-Ig is about 6 to 17% of the total LT-B receptor-Ig in said preparation,



