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A Method for the High Level 'Expression of Active Lymphotoxin-P Receptor 

hmnunoglobulin Chimeric Proteins and Their Purification 

BACKGROUND 

The TNF family consists of pairs of ligands and their specific receptors referred to 

s as TNF family ligands and TNF family receptors (Bazzoni and Beutler, 1996; Aggarwal 

and Natarajail.- 1996). The ligands such as TNF are typically found as membrane bound 

fonns on cell surfaces, or in some cases they are selectively cleaved from the cell surface 

and secreted. The ligands bind to specific receptors .and the binding event serves to 

aggregate two.or more receptors . .Xhe intracellular domains of these receptors can in some 

10 way sense this change and communicate this information into the cell via a signal· 

-transduction mechanism. The family is involved in the regulation of the immune system 

and possibly other non-immunological· systems. The regulation is often at a "master 

switch" level such that TNF family sign-1ing can result in a large number of subsequent· · 

even~ best typified by TNF. TNF can initiate the general protective inflammatory· 

ts response of an organism to foreign invasion which involves the altered display of adhesion 

molecules involved in ceµ trafficking, chemokine produCtion to drive specific cells into 

specific compartments and the priming of various effector cells. As such, the regulation of 

these pathways has clinical potential. 

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 is built from 2-6 copies of a tightly disulphide-bonded domain 

and is recognized on the basis of the unique mangement of cysteine residues (Banner et al. 

1993). Each receptor binds to a corresponding ligand(s) although one ligand may share 

several receptors. In some cases. it is clear that soluble fonn.~ of the receptors lacking the 

2S 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 (Bucay et al, 
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1998). Clearly, vi~s:~av~ ~ ~s tactic toinhi}>itrNf:ac.tivity in their host organisms 

(Smith et al, 1994). Th~s~ receptors can sig11a1 a number ~f events. bicluding cell 

differentiation, cell death or cell survival signals. Cell death signaling often is triggered via 

relatively direct links to. t1ie cascade of caspase proteases jn the case of the Fas and TNF 

s receptors. 

The TNF receptors are powerful tools to elucidate biological pathways· since they 

are ~ii~ converted t~inununoglobulin fusion prote~ns.which have long serum halflives. 

Dimeric soluble receptor fonns may be inhibitors of evenis mediated by either natural 

secreted or.surface bo~d ligands. By binding to t~ese ligands these fusion proteins . 

10 prevent the ligand ffOD1 i~teracting with cell associ~d receptors and inhibit the associated 

signal. These receptor"'.Ig fusion proteins ;ire useful in an ex~rimental sense,.and have-also 

·been successfully used c~nically, for e~ample TNF-R-Ig has beeD used to treat 

inflammatory bowel dis~~ rheumatoid arthritis and the ~te clinical syndrome 

accompanying OKT3 administration (Eason et al., 1996; Feldmann. et al., 1997; van 
. ' . . . . . 

15 Dullemen et at, 1995) •. The manipulation of the many events mediated by signaling 

through the TNF family of receptors may have application in the treatment of immune 
. . . .. . .. . :· , ... 

based diseases as well as t1ie wide range of human diseases that have pathological sequelae 

due to immune system involvement. For example, a soluble form of a rec.ently des¢bed 

receptor, osteoprotegerin, bas been sho:wn to )>lock 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-lg fusion proteins which have shorter half-lives in the 

blood. 

2S While inhibition of the receptor"'. mediated pathway represents the most exploited 

therapeutic application ~f these ~tors, originally it was the activation of the TNF 

receptors that showed cl~nical promise (Aggarwal and Natarajan, 1996). Activation of the 

TNF receptors can initia~e cell death in the target cell and.hence.the application to tumors 

w~ and still is attfactiv~ (Bggennont et al., 1996). The receptor can be activated either by 

30 administration of the ligand, Le. the natural pathway or by administration of antibodies that 
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can crosslink the receptor. Antibodies may be advantage0us for the treatment of. for 

example, cancers. since the antibodies can persist in the blood for long periods as opposed 

to ligands, which generally have short lifespans in the blood. Agonist antibodies are useful 

weapons in the treatment of cancer since receptors may be expressed ~ore selectively in 

s tumors or they may only signal cell death or differentiation in tumors,. Likewise, many 

positive immunological events are mediated via the TNF family receptors, e.g. host 

inflammatory reactions, antibody production etc: and therefore agonistic antibodies could 

have beneficial effects in other, non-oncological applications. 

Paradoxically, the inhibition of a pathway may also have clinical benefit in the 

10 treatment of tumors. For example the· Fas ligand is expressed by some tumors ~d ~ -- • 

expression can lead t0 the death of Fas positive lymphocytes, thus facilitating the ability of 

the tumor to evade the immune system. In this case, inhibition of the Fas system could 

then allow the immune system to react to the tum.or in other ways now that access is 

possible {Green and Ware, 1997). 

ts · One member of this receptor family, the lymphotoxin.;,beta receptor (LT{iR) binds 

to surface lymphotoxin {LT) which is composed of a trimeric complex oflymphotoxin 

alpha and beta chains (Crowe et al, 1994). This receptor-ligand pair is involved in the 

development of the peripheral immune systeJD and the regulation of events in the lymph 

nOdes and spleen in the mature immune system {Ware et _al, J995; M~y et al,1997; 

20 Rennert et al, 1996; Rennert et al, 1997; Chaplin and Fu, 1998). A lymphotoxin-P 

receptor- immunoglobulin fusion protein can be made between LT~R and lgG {LTPR-lg) 

that blocks signaling between the surface LT lipnd and the receptor with consequences on 

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

blocking can furthermore lead to diminished autoimmune disease in _rodent models 

2S (Mackay et al, 1998. U.S.S.N. 08/50?,6~~ filed July 21, 1995 and U.S.S.N. 60/029,060 .. 

filed October 26, 1996). A second member of this receptor fam!ly called HVBM for heri>es 

virus entry mediator binds to a ligand called Light (Mauri et al, 1998) as well as the 

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

Ig fusion protein may be useful for the treatment of immunological disease and this 
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construct has been shown to affect in vitro immune function assays <Harrop. J .A., et al. 

··jfil) .. 

Despite the clinical advances of members of the TNF Family as discussed above, 

. there remains a need for a method of obtaining th~ d.esired yields of receptor lg fusions 

s · · su_itable for use in a clinical setting. For example, the LT~R~Ig protein can come in two 

fonns when expressed in· either monkey·cos ce~ or in Chinese hamster 9vary cells. One 

form .binds ligand with high affinity whereas ~ other dQCS not. Therefore, there .is a need 
. 

for a method for. producing higher yields of the .fonn which binds with higli affinity, while 

minimizing the presence of the lower affinity fonn. . 

10: · . SUMMARY OF THE JNyENIION 

The present invention relates to methods for the expression of high yields of the 

form of protein-lg fusions having high affinity binding to its ligand, referred to herein as 

the "active" form, the form, by culturing hosts transformed with DNA encoding the desired 

fusions in a culture system at a low temperature thereby minimizing the amount of 

15 . misfolded or misbridged protein forms. The-invention in various embodiments relates to 

. methods of expressing high yields in mammalian expression· systems, by culturing 
'. ;·. 

transfonned hosts at a ie~ of about 27°C to about ~5°C. Preferably, mamma}ian 

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

In yet other embOdhnentS 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 preferably from about 15° 

C to about 20° C. 

In certain methods of the claimed invention. the protein-lg fusion comprises a 

25 member of the TNF receptor family such as a lymphotoxin-fi receptor or a fragment 

there0f. 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-lg 

30 fusions that are obtained by the claimed methods, and phannaceutical compositions 
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comprising them. In yet other embodiments. the invention relates to methods of making 

pharmaceutical preparations comprising culturing a host transformed with DNA encoding a 

desired protein-lg fusion in a culture system having a low temperature of about 27°Cto 

about 35°C, preferably about 27°C to about 32°C. to express a high yield of active fusion 

s proteins, recovering the active protein fusions from the culture system. and combining the 

activefusion proteins recovered·with a pharmaceutically acceptable carrier. In preferred 

embodiments, the protein-lg fusion comprises a lymphotoxin-~ or a fragment thereof, or 

.avEM. or a fragment thererif. 

In still other embodiments, the claimed invention relates to pharmaceutical 

10 compositions obtained using the methods described. 

The claimed invention in different embodiments relates to mammalian expression 

systems, as well as other expression systems, such as yeast, bacterial systems, or insect 

systems. 

In certain embodiments, th.e invention relates. to methods for high levels of 

IS expression of active fusion proteins in yeast, by culturing at low temperatures of about 10° 

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 phannaceutical preparations are· ·· 

encompassed within the invention comprising active protein-lg fusions comprising 

20 culturing a yeast cell tranfonned with DNA encoding a desired fusion at a low temperature, 

preferably about 10°C ~ 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-lg fusion comprises a lymphotoxin-~ .receptor, HVEM. or a fragment thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

2S Figure 1: Schematic of the receptor-immunoglobulin chimeric protein. The left panel 

shows a cartoon of a typical lgG molecul~ the Fe domains are filled in black. the heavy 

chain variable domains are colored in gray and the light chains are left white. The middle 

panel contains a schematic drawing of the LT~R molecule including the intracellular (dark 

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

30 of the LT(3R-lg fusion protein. 
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·Figure 2: Conceptual schematic Showing the likely defect in the dead LTPR-Ig form, 

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

s Figure 3: SDS•PAGB analysis of human LT(JR~~ b!=fore and after· treatment with PNGase 

F. Lanes 1 and 2 contain human LTpR.;Ig purified from CHO cell culture supematant 

irown at 37 °C usibg Protein A affinity chfomatography. Lane 3 shows the same . · · · 

preparation afteI treatment with PNGase F to remove allN-liiiked oligosaccbarides: Laile 

•. is nm Under nonreducing conditions, ianes 2 and 3 are run under reducing conditfons. 

10 

IS 

The protein bands are vi.Sualized by stallring the gel WidlCoomassie Brilli.ant Blue. 

Filure 4: A nonrCc:tu~ S:Ds polyaccylamid~ gel analygis of the protein flowing through 

an AGHl affmity col~·lanes. ·and the protein eluted with pH 3.5 phosphate buffer. The 

protein before affimty purificatlri~ is sho\vn.in the Ian~ on the right side of the gel. The 

~I()tein bands aie ~is~ by si:ainint. the get° with Cooma$sie Brilliant Blue. . 

·' Figure S: Ability of the f16w ~righ(l~we~j and eluted (upper) fractions from the AGHl 

· affinity column to· bind to Surface lymphotoxin~ Mean fluorescence intensity values were 

~rived from a FACS analysis as described. Ellmples of the FACS profiles 8re shown on 

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

Figure 6: Analytical HIC chromatography of human LTPR-lg using a POROS ether 

column and a decreasing gradient of ammoiiium sulfate. Peak 1 represents the lower, 

inactive form, peak 2 the larger, active form of human LT~R-Ig. Fractions corresponding 

25 to peaks 1 and 2 respectively were pooled and analyzecl"on a 4 - 20% SDS-PAOE gel 

(inserted panel). The lane labeled "1 '' oontains the "inactive" material from peak l, lane 2 

the "active" material from peak 2 of the HIC chromatogram. The starting material is 

shown in lane "L". The lane labeled "M" contains molecular weight markers. 
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Figure 7: Preparative HIC (hydrophobic interaction chrOmatography) chromatography of 

human LTPR-Ig using a Phannacia Source 15 PHE column. Protein A eluate containing 

human LTPR-lg is adjusted with 5 M NaCl to a final concentration of 1.5 M NaCl, 20 mM 

sodium phosphate, pH 7.0 and loaded onto the column. The column was washed with 5· 

s volumes of 1.5 M NaCl, 20 mM sodium phosphate, pH 7.0 and eluted with 20 mM sodium 

phosphate, pH 7.0. The X-axis representS the time in minutes, the Y-axis shows the 

absorbance at 280 nm. Shown in the fi~re insert is the image of a nonreducing 4-20% 

SDS-PAGE gel. stained with Coomassie Brilli.ant Blue of the flow through (Fr) -and elution . 

(E) pools. The migration.positions of the "live" and "dead" forms are indicatedwith· 

10· arrows. 

Figure S: SDS-PAGFJwestern btot analysis of human LTPR-Ig secreted from CHO cells 

grown at different temperatures. _The CHO cell supematants grown at the indica~ culture 

temperatures containing human LTPR-Ig were analyzed in duplicate by110nreducing SDS-

15 PAGE electrophoresis using 4-20% gradient gels followed by western blotting. 

Figure 9: Effects of culture temperature on the percentage of dead material in t4e. total 

amount of h~ LTPR-Ig secreted from mammalian cells. Duplicate flasks containing 

CHO cells secreting recombinant human LTfJR-Ig were cultured at the· indicated 

20 temperatures and the secreted .human LTPR-lg was purified by Protein A affinity 

25 

. chromatography. The percentage of the "inactive" form of human LT~R-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 percentage 

of the total amount of human LT(JR-lg secreted by the cells. 

Figure 10. Nonreducing SDS-PAGE analysis ofHVEM-Ig prepared at 28, 32 and 37°C: 

Protein A purified preparations of HVEM-lg derived from cells cultured at 28, 32, and 

37°C were mixed with nonreducing SDS-PAGE sample buffer and eJectrophoresed on 

precast 4-20% SDS-PAGB gels. The protein bands were visualized with coomassie blue. 
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The band marked with an arrow repre$ents unaggregatedHVBM-Ig. The ~gher molecular 

weight bands visible on the gel correspond .to aggregated forms •. 

Figure 1.1: FACS analysis of~ binding of HVBM;-lg generated at 37° vs 32° C to surface 

s Light and/or LT~. A.). Binding of HVEM-Ig a.~ a function concentration to 293 cells 

transfected with human UGHT sh()wning that material g~erated at 32 C binds better than 

37 material. B). An example of the FA.CS profiles obser:ved of HVEM-Ig binding at a , , . 

concentration of 2 ugml .· .. to UGHT trcmsfected 293 cells. C). A further example.1Jf ·the-
. . - . . . . . . 

improv~ binding of 32 C generated HVEM-Ig to the surface.of the Il-23 T cell hybridoma 

10 . line which displayes both LIGHT and surface lymphoto~-aiJ (LTaiJ) complex. 

Figure 12: A BIAcote analysis of the ~4\ding of either the UGHT or lymphotoxin-a 

(LTa) ligands to BJAco,re chii>s imnlobilizecfHVBM-lg generated at three different 

~. Each·cmve shows a binding event at.one concentration of ligand and the 
. . 

1s · following concentrati9ns ·were employed~ 30, lS. 7.5, 3;75, 1.87, 0.93, 0.41, 0.23, 0.11 and 

0.0 ug/ml. Each chip'wasloaded to the same RU level indicating that equal am()unts of 

· receptor-Jg were bound 

DETAILED DESCRIPTION . . . . . . 

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

.. io coneems the ability to pfoduee high levels of functi°onal or active forms·Of immunoglobulin 

fusion proteins of receptors in $e TNF family. The success of clinical interventions with 

reeeptor-Ig fuison proteins requires a lorig temi presence and the ability to treat chronically 

or a minimum during disease flares. Ideally. preparations of such fusion proteins for 

human use will not have any aggregated, Inactive or misfolded forms as their presence will 

2S reduce the potency of the drug and the altered structures could elicit antibody responses 

that may facilitate clearing of the drug thereby reducing its potency. Moreover, anti,. 

receptor antibodies can directly cross link natural receptor on the cell surfaces thereby 

activating them, i.e. agonistic antibodies such as those described in Browning et al 1996, 
. . 

JEM. Agonistic antibodies activate the system and thus funher receptor-lg treatments may 

30 be less effective or even detrimental. By "immunoglobulin fusion proteins" we refer to any 
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. fuSion of any functional portitins of the extracellular domain of a polypeptide with any 

portion of the immunoglobulin constant regions; e.g. the CHl. CH2 or CH3 domains or 

combinations thereof. Preferably the polypeptide is a member of the TNF family of 

receptors .. The portions of the lg molecule may derive from any of the various 

s immunoglobulin isotypes. including. for example, lgG l, IgG2. IgM. IgA etc. By "TNF 

·family of receptors" we refer to any receptor, whether naturally membrane bound or 

secreted'{as in the case of osteoprotegerin). :which has the canonical TNF family cysteine 

bri,dging ~ms or any receptor which bin:ds· to a defined member of the TNF·family Qf . 

ligands (e.g. Banner et al, 1993). The claimed invention in other embodiments relates to 

10 TNF family receptor-lg fusi"11S obtained by the methods discussed herein, as well as to 

p~utical preparations comprisiilg them. 

LT(iR-lg protein is expressed in.two forms in monkey cos cells or Chinese hamster 

ovary cells. One fonn binds lig~d wit1t high affinity, the "active'" fonn whereas the other, 

the "inaeti.ve,. form does not. This mixture of live and dead forms has not been described 

15 previously for any of the TNF receptor-lg fusion proteins, however, the nature of the 

inactive form is not clear. The two forms were discovered by the presence of two bands in 

an SDS-PAGE analysis. The expressed material contains considerable glycosylation 

heterogeneity; however, this heterogeneity most likely does not result in the functional 

problems described here. For example, when the receptor is expressed as a soluble 

20 monomeric fonn lacking the transmembrane domain· and the immunoglobulin Fe region,. 

non-. mon~ and di-N-linked glycosylated forms are observed. Both single and double 

glycosylated fonns can be immunoptecipitated by BDA8; an antibody that recognizes only 

functional forms. Moreover, the affinity-purified fonns have similar glycosylation 

heterogeneity. More likely, we speculate that the expression of a non-membrane anchored 

25 fonn leads to some aberrant disulfide linking resulting in inappropriate crosslinking 

between the two anns of the receptor-lg dimer. 

The TNF family of reteptors generally 3-4 repeated domains in the extracellular 

ligand binding portion with about 3 disulfide bridges per domain. It is conceivable that 

inapproapri~te folding would lead to either an incorrect pattern of disulphide bonds or the 

30 lack of some fonnation of disulphide bonds (illustrated schematically in figure 2}. In the 
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case of a receptor-lg fµ~ion protein, it appears_ that the early folding of the Fe domain 

enables its subsequent dimerization which brings.-the two I,,TBR chains. i.e. the two 

receptor anns; into close proximity. If the receptor do~ have not yet completed their 

folding, then there is the potential for free sulfbydl')'ls to pair between the arms, i.e. 

s interarm bridging. S11ch incorrect folding may occur, or disulfide scrambling may result 

between free sulfbydryls juxtaposed next to already formed disulfide linkages in both cases 

leading tofolding errpr;s. It is also possible that incorrect folding occurs within one arm i.e. 

iptra-ann-fol~g errors, although such ertQrs may not res1,1lt in a radically different: shape . 

. of the final molecule. In this C8$e, actiye and inactive forms may not be readily resolvable 

10 using conventional sizb:tg meth~. 

· Lastly, in the TNFR55 receptQr, the fourth dc>main, i.e. the domain closest "to the 

... transmembrane region bas been demonstrated to be critical .f~r ligand binding when the 

receptor :was expressed as an lg fusion protein (Marsters et al, 1992). ·- This domain may be 

critical _for many of~ receptors ... Another study on TNFRSS showed that it was critical 

15 . only 4t tlie context of ~e lg fusjon-P.roteii::i, _and that the IIlCIIlbrane fonn lacking the fourth 

domain was fully ac:tjv~ in bindipg -plF ligandJ~rcoran ~t al, 1994),. However, more 

. _ recently, crystallograplµc .anal)'SCS, hav.e l'ointed ,to .possibl«? critical functions associated 

with the fourth domain (Naismith et al, 1996)~ The fourth domain is relatively conserved 
' . ' . . .. ... . .. . . . -:·· ; . 

between species yet lacks direct contacts. with the ligand (B~er et al, 1993). It is 
. . . . . . . . .· . . . . . . ~ . . . . . . . . . 

20 .. possi~le that interarm bridging in .this region betw~ the two fOurtb domains which lie 
. . . •: ·. . . . . .. . : . :. . . 

next to the binge and CH2+CH3 Fe domains would not appreciably alter the globat shape 
. .· . .. . . . •.·· 

_ of the molecule and fu;nce ~ be invisible in siz~base4 sqwation methods. 

Nonetheless. this mol~ule would exhibit impaired Jigand binding. Receptors having only 

3 domains could behave in a similar fashion. 

2S Reducing the the temperat1,1re dupng. cell culture resulted in significantly less of the 

misfolded smaller fonn (i.e. the inactive form) being secreted. This improvement is 

presumably due to a reduced folding rate of the polypeptide which would allow for more 

time to fold the indivi4ual domains of the LT~R portion prior to assembling the receptor-lg 

fusion protein into the expected dimer fonn. 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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method preferably occurs at temperatures of about 27°C to about 35°C, more preferably, 

the temperature is about 27'C to about 32°C. Claimed methods also can be used in yeast 

culture systems. Yeast culture needs to be grown at temperatures of about 10°C to about 

25°C, preferably from about 15°C to about 20°C to achieve significant benefit 

S Exploitation of the claimed invention allows the correct folding of active protein lg 

fusions. It niay be desirable, in some circumstances, to allow cell growth at higher 

temperatures, for example, about 37°C to about 43°C~ during which only a very low level 

of expression of the cloned gene will 0ccur. After the desired growth ~rio~· th~ fUsions .. 

can be expressed at the low temperatures, to prOduce an increased yield of active fusions. 

10 . The low temperatures in mammalian systems, as discussed above, are preferably about 27° 

C to about 35°C, more preferably about 

27°C to about 32°C. 

Thus, the claimed methods, by.lowering the temperature at which the protein-lg. 

·.fusions'are expressed: allow one skilled in the art to regulate the folding of both the protein-

15 and the lg portions of the desired protein. 

Additionally, using the claimed method including affiriity and/or the conventional· 

chromatography techniques, one can now purify the active fractions sufficiently to use the 

chimeric proteins to block immunological function in various clinical settings. Jn addition, 

using the claimed methods having low temperature (i.e. S 32°C for CHO and S 25° for 

20 yeast) cell culture conditions, it is now possible to prepare culture supernatant that is highly 

enriched in the larger, active form of human LTPR-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 TNFR.55-Ig (also called the pSS or 

p60 TNFR). Similarly, the properties of another TNF family receptor called HVEM are 

2S improved by seCretion at lower temperatures. This receptor may form an example of an 

intra-arm folding error as there are no obvious size differences in the materials made at the 

various temperatures. Nonetheless, regardless of the mechanism, the claimed methods 

having results in a higher percentage of lowered secretion temperatures more active fusion 

proteins in preparations of these and other member of the TNF family. 

30 
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, . Examples 

Example 1. mAb that.specifically recognize the live form of human LTliR·lg ·. · 

The LTIJR•lg p~tein (Figure 1) when sec~ted from either COS or CHO cells 

transfected with a plasmid .can ·be pµrified using standard protein A· based affinity 

s chromatograplUc mef4o~s. The purified protein consists of two closely spaced bands at 

a~t.100 kDa on~ nq~ucing SDS acrylamide gel (Figure 3). The two bands differ by 

about S kDa .in apparent size •. When the protein is reduced. essentially two bands at about, 
'. ·' . . . . . . 

· ~O-IcPa are resolved ~~tipg .from h~gene,ous glycosy~ation (Figure 3). ~he .two' bands . ·. : . . ' . 

observed under nonrecJ~ing conditions, bowe~er, do not ~ult directly from the. . ; . .- .. .. . ·. . '· .. 

10 . glycosylation differencc=s that give rise to the pair of reduced l>ands. Using a panel.of 
··: .,. . '· . . .. 

15 

20 

11_1onoclonal antibodie.s ~ the human LTPR. we showed that ~tibodies ~group I, i.e. 

AGHl and BDA8 ~gmze only the large MW form of the receptor (fable.I; ·all data 

. except the selectivity :f'.<>f the upper and lower. b~ds w~ taken from Browning et al, 1996). 

~tibodies.from this ;~p bind directly to the ligand binding region as eviden~d by the 
• ; • • • • • ' ·. '• ·, ·. • ',' • • ·. ' • •: • • I • • ~ • ' ' ' ·, , , , , 

observation that an Fab'fragment of BDA8 ~.an still block. Group ll mAbs can also block 
• • ' . • ~. =~ '· •. . . • • 

. ligand binding, howey~. in biological assays. these m.Abs show mixed agonist and . 

antagonist behavior •. Wh~_one makes an affinity column froin these mAbs (AGHl was 
. . . . . . -. : ·. ;·. ~. . . . . . . . ··. . . ' . ·;. . . 

. . \lSed in these experinients) and applies the mixtqre of,large and small forms of the LTPR-
. . .:·· . • . . • . . : . ~:. . • . : . . ; . .• . : . ·: ! . . • : • ! . : -: • • • . . ~ ·. . . . 

lg, the smaller fonn qf the receptor flows tbrough and the larger form sticks to the column 
. : : :. . ·: . . • . : ' . . . ~J ~ ·. . ,· . '. . . . : .. 

matrix. Low pH elu~on }'ields 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 Il-23 T 
. ,. ,. . . ·. 

cell hybridoma cells, ie. cells expressing sufrace lYmphot~xin complex (as described in 

·Browning et al, 1995), and only the fraction that bound to the mAb was able to bind to 
. · ... :: . .. : . . . 

surface lympbotoxin. 1be flow through fraction, i.e. the lower MW band was completely 

25 inactive (Figure 5). S~ecifically, supematants from CHO cells stably transfected with the 

LTPR-lg construct ~re 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. lmmunoprecipi~ions were carried out in a volume.of0.25 ml with 3 ug ofLT~R-lg 
30 and 4 ug of anti-L~~ mAb followed by capture of the mAb with KappaLock sepharose 
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beads which recognize orilfthe kappa chain.on the mouse ml\.:t'fimd not the human·Fc 

domain. The beads were removed by centrifugation and the supernatant was cleared of 

remaining inimunoglobulin with protein A sepharose~ Beads were treated with SOS; PAGE. 

sample buffer (no reducing agent) and the buffer was loaded onto SDS-PAGB gels. Gels 

s were run and transferred onto Hybond and western blotted with anti-human IgG Fe 

fragment conjugated to horse radish peroxidase (LTfJR mAb followed by anti-mouse lgG­

HRP and chemiluminescence detection of HRP (Amersbam)~ 

. . . . T.o ~p~oit the ability of AGHl·tbat exclusively recognizes the active fonn.of 

. LTPR:Ig, an AGHl affinity column was. prepared using CNBr-activated sepharose. 

10 (Phannacia, Piscataway;. NJ) according to manufacturers protocot The colµmn was 

extensively washed with PBS and the protein A purified LTPR-Ig was applied and the flow. 

through collected. The column was washed with PBS and then eluted with 2S mM sodium 

·phosphate, pH 2. Fractions containing eluant were immediately neutralized as described 

above. Protein concentrations were detennined by absorbance at 280 nm assuming .that a 1 

15 OD solution equals 1 mg/ml The flow-through and elution pools containing LTPR-Ig 

were tested for binding by FACS analysis as described (Browning et al, 1995). The fl,ow­

tbrough fraction showed no FACS staining to cells expressing surface LT whereas the 

elution pool retained full binding activity. 

20 Example 2. Conventional chromatographic separation of live and dead components of 

human LTPR-lg. 

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 fdtration 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 fonns of 

human LTPR-Ig that are greater than 90% enriched in the respective components. 

Alternatively, hydrophobic interaction chromatography (HIC) can be employed to achieve 

the same result. The protein mixture is diluted with ammonium sulfate, loaded on the HIC 

30 column and the large and small components are differentially eluted with a decreasing salt 
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gradient .. Und~ these cc;mditions, baseline separation .of th~ two hUIJ1811 LTPR-lg 

components is obtained (Figure 6) •. These methods as well as the imunQaffinity method 

described above are useful to prepare mg amounts of the large and small preparations of 

human LTPR-lg but leave much to be desired for the preparation of large amounts of these 

s components for pharmaceutical use. Applicants have· invented a µew method by adapting . 

. the me method to ~ins that can be ob~ained in .bulk and have identified chromatography 

conditions that pennit the small form of human LTPR-lg material to flow .thtough·the 

. ·co~umn ·while th~ large component_ is retained and can ~ selectively eluted {Figure 6). The 

eluted material'can·be·subjected to a fill,ishing step such as size exclusion or•ion:exchange 

. 10.; . chromatography to remove aggregated J.llaterial and other impurities and, which, after 

foimulation into a suitable phySiological buffer can be used for in vivo wotk. The first 

example below .(A) describes the specific conditions. thllt were used to analytically assess 

·.the amount of inactive·~~al in .. a prq>aration of.LTjiR•Jg. Thesecond.example.(B) 

describes the preprative purification process that results in a preparation of LT.PR-lg highly 

· 15 enriched.in Ute active-component . 

.... 

A). Anaf;ytical hydrophobic interaction·chromatography (HIC) can be rued as a 

quantitative usay to assess the amounts of inactive LT/JR-lg 

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

. io .. recombinant human LTPR-lg 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. ~ LTPR-Ig 

preparations were diluted to a concentration of 0.1 mg/ml and brought to a final buffer 

composition of 1~5 Nl ammonium sulfate, 20 mNJ sodium phosphate, pH .9 (buffer A). A 

25 portion (1 ml containing 100 µg 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 Jinear gradient (total gradient volume of 16.6 ml) from 100% 

buff~ A to l 00% buffer B (20 mM sodium pho.sphate, pH 9) followed by a 16.6 ml wash 

. with buffer B. The column effluent was monitored for apsorbance at 214 nm. The whole 

30 proce<lure was carried out at ambient.temperature using a column flow rate of 1 ml/min. 
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The elution profile of a representative analytical me chromatogram is shown in Figure 5. 

Peak. 1 contains the inactive fracti<?n and peak 2 the active fraction of LTPR-lg. In order to 

quantify the relative contribution of the two fonns, the peak areas were integrated using the 

Perseptive instruments Vison integration software~ 

B).Preparative purification of human recombinant LT/JR-lg. 

Clarification and concentration of conditioned media: The cell debris was 

·removed from lOL of conditioned media.harvested.from CHO cells.secreting recombinant 

LTPR-lg using dead end filtration through a 5 µpolypropylene 5 sqft. Calyx filter capsule 

10 (Microseparations.Inc, Westborogh, MA) followed by a 0.2 J1Opticap4 inch filter 

cartridge (Millipore Corp., Bedford, MA). The clarified media was concentrated by ultra 

filtration tb approximately 1 L using three S 1 Y30 Spiral Ultrafiltration cartridges (Amicon, 

Beverly, MA) connected in series. 

Protein A affinity Chromatography: The concentrated conditioned medium was· 

15 passed by gravity through a lOml Protein A sepharose fast flow (Pharmacia) column .at 

4°C. The column was washed with SO ml of PBS, SOml of PBS containing 0.5 M NaCl, 

and 50ml of PBS. To remove contaminating bovine lgG, the column was washed with· 

50ml of 25 mM sodium phosphate, pH 5.5. The bound LTPR-lg Was eluted by gravity 

with 25 mM sodium phosphate, 100 mM NaCl, pH 2.8 in 3ml fractions and immediately 

20 · neutralized with 0.3ml of O.S M sodium phosphate, pH 8.6. Fractions containing protein 

were identified by absor:ption spectroscopy, pooled and stored at -70°C. 

Hydrophobic Interaction Chromatography: The protein A elution pool (40ml at a 

concentration of 2.S inglml) was diluted with 40 ml of 3 M sodium chloride~ 40 mM 

sodium phosphate pH 7 and 20mlof1.5 M sodium chloride, 20 mM·sodium phosphate pH 

2S 7 (all solution were at ambient temperature). The diluted·· pool was loaded onto a lOxlOO 

mm (7.8 ml) Source PHIS (Phannacia, 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 ml/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 
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uv absorption spectros~opy, pool~ and stored at -10°c; Figure 7 represents a typical me 

elution profile. Under these conditions, the inactive material ·flows through. the column and 

the active material is boµnd to the resin. The figure 7 .~n contains a scan of the 

coomassie blue stained NR SDS•PA(JE analysis of the follow-through and elution pools, 

s respectively. 

Size Exclusion Chromatography: Approxim11tely 100 ml (1.3 mg/ml) of the HIC 

elution pool containing the active components of LTPR-Ig were concentratdd by 

.. u}traflltration to 9 ml using a centriprep30 con~~tor CAmicon, Beverly,.MA9. The· 

'COncentrate (10.3 mg!JD!) w~ loacled onto a 1.6xl00 ~m S11pel'OSC>-6 prep ·grade · 

10 (Pharmacia, Uppsala, Sweden) column equilibrated in PBS at a.flow rate of.'lml/min. The . . . ·." ' .. . . ' . 

effiuent was collect¢ i~ 3 ml hctions. Fractions containing protein were identified by 

. UV absorption spectroscopy. Selected fractions were ·analyzed for aggregate <:antent at a 3 

µgllane load using NR ~DS-PAGB ~l electrophores.is .. Fractions with minimal visible 

. aggregate were poole<l and storaj. frozen at -. 70°C .. 

15 In this fashion~ LT~R-:lg can b~ prepared that contains minimal amounts of the 

inactive LT~R-lg component ~tis p~nt :in t}u,.frude cultwe media. 

._.pie 3. Low ~ratu,re ~erm,~tatio~ concUtions e11richfor the large, active 
. . . .' .. . . •· . ··.. .. •' . . .. . 

. ~mponent of human LTP:R.-Ig duriaJ.g Uie cell culture stage. 
. . ' . . ·:·. . . . ·.. . .. ' .. 

20 Under conventional mammalian cell culture conditions. human LTPR-Ig is secreted 
. . ·. · .. · . ·: . 

as a mixture of appro~ly 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 LTpR'."'lg secreted 

from mammalian cells grown at low. temperature would have an altered ratio of large and 

2S small fo.-ms. Shown in Figure ~ are the supematants from CHO cells secreting human 

LTPR-Ig cultured in T-flasks at 28, 30, 33, 35, ~d 37°C analyzed by western blot. The 

large and small fonns (indicated by arrows) are present in the cultures grown at 33, 35, and 

37°C. Very little evidence of the small form can be seen in the lanes containing culture 

supernatant from cells grown at 30 and 28°C~ Thus, lowering the temperature during cell 

30 culture dramatically reduces the amount of the small, inactive form of human LTPR-Ig. To 
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quantify the relation ship between cell culture temperature and the extent of the enrichment 

for the larger,· active fonn of human LTpR.:.Ig, duplicate culture flasks were set up and· 

gro~n at temperatures rangiD.g from 28 - 37°C in ·one degree intervals. The protein A 

affinity pUrified human LTIJR-lg samples were analyzed by analytical HIC chromatography 

s to quantify the ratio of the small and large components of human LTPR-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 amount of the lower fonn but in a much less dramatic fashion. These 
. .. . ' . . 

10 results show tharreclucing 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 LTPR-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 scale under conditions that would be suitable for manufacturing using·CHO cells 

15 secreting recombinant human LTPR-4 tliat had been adapted to growth in suspension. For 

these experiments, the cells were grown to densities approaching 2x106 cells/ml at 37 ~C 

the culture wa.s diluted with approximately 4 volumes of growth media and incubated at 32 

°C until the cell viability dropped below 80%. Lowering the temperature to 28°C during 

the production phase also results in significantly lower levels of the 'ideadt component in 

20 the final harvest. It was interesting to note that while the cell number did not increase very 

much during the production phase at 28 or 32 °C, a several fold increase in product titer 

over culture grown exclusively at 37 °C was obtainecl 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 300C produce predominantly the inactive fo~ 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 LT(!R~Ig. These 

30 observations suggest that low temperature fermentation will result in significantly higher 
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yields of the active component of ~Uillan I.TP.R.,.~ in any-secretory host system. One 
. . :: •:.' . 

skilled in the art can c:~Uy detemtj!le the PPt!Ill81 production temperatures for each system. 
. ' . ~ . . . . . . 

Here we provide a detailed·e~p~e ofl:J.ow this process was applied to the 
. . . . . . ~ ' .' . ~ . 

. production of LTPR-Ig. Two cell ~ulture ~thQds were d~veloped that take advantage of 

s the fact that reducing the cell culture temp~t~ significantly reduces the amount of the 

inactive components present in LTPR-lg secreted from host cells. An additional, 
.. '·· .···.: . . . · ... • 

unexpected benefit ·of low.tempe~~ fermentation is a several fold improvement in titer 

· wben·compared to. tradltional f~~~ta~~~ ~ns carried out at 36-37°C .. Table U 
·.· . · .. ·, .. ;, 

summarizes the comparative yields and the relative amounts of inactive LTPR-lg· · · 
'. : . ,• .... , '. 

10. .components obtained w~th two diff~Dt cell ~es transfected with different LTPR-Ig 

lS 

constructs which varied in the extent of glyc~yl~tion (not germane to the thrust of this 

example). 

32 'C Cell ~Process; CHQ (;tills s~g human LTPR-Ig that had been 

adapted to growth in suspension were,gro~ in. OMEIHAM's P..12 growth media (see 
' .• ·: ·. ·; ,: .=· ·.:: . :-:. .· . • . ... '· . 

. Table m below) suppiemented.wi~ 10% ~S, J40 mglL streptomycin, and SO mg/L 
. . :·····.·.. . . . . .. : .... ,·: '·• .· .. 

.gentamycin. For scal~up~,tw(> 7~pniJ.~spinQer flasks were in()Clllated at approxiniately 

I 2xta5 cells/ml in gr0wt}i mecli~ "I'tie cul~ies were grown at 37°C in a 5% COi atmosphere 

! to a density of approxilllll~y 3xl()6 cells/ml. The cell suspensions from both spjimer 

20 cultures were combined to inocul~te the sc8Ie-up bioreaet<>r containing approximately lOL 

of growth media. The culture· w~ oxygenated at 11 % 0 2 and grown for three days at 37°C 

to a density of apprOximately 2x 106 cells/nil.· This culture was used to inoculate the 

productio~ bioreactor containing 33L Qf growth medium at a density of 6.4x105 cells/ml. 

The production bioreactor was th~n ~ltured. for 8 days at the beneficial temperature of 

25 32°C with the oxygen sparge rate set at 11 % 02. The cell density on the harvest day (day 

8) was approximately 2x 106 cellshnl with a viability of approximately 60%. Under these 

conditions, a titer of 12 mg/L LTPR-Ig was achieved which was two-fold higher than when 

the same cells were cultured at the traditional temperature of 37°C. The relative amount of 

the inactive component in the LTPR-Ig t>reparation was 17% which represented a inore 

30 than 60% decrease when comp~ to product obtained from a 37°C culture. 
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28"C Cell Culture Process: CHO. ceils secreting hunim LTPR-Ig that had been 

adapted to growth in suspension were grown in DMEIHAM's F-12 growth media (see table 

m below) supplemented with 10% PBS, 140 mg/L streptomycin, and SO mglL gentamycin. 

For scale-up, two 800 ml-spinner flasks were inoculated at approximately 2xl05 cells/ml in· 

s growth media. The cultures were grown at 37°C in a 5% C02 to a density of approximately 

3.Sxlo' cells/ml. ·The cell suspensions from both spinner cultures were combined to 

inocuiate the scale-up bioreactor containing·approximately 10 L of growth media. The 

-~ltµre. was o~ygenated at 11 % 02 and gt:o.wn for two days at 37°C to a dengity of· : . . 

·approximately 1.7x106 cells/ml. This·~wt\ire was used to inoculate two 40L and one 10 L 

10 . production bioreactor at starting cell dens\ties of 2.5-3x 1<>5 cells/ml using a split ratio of 

1:9. The production bioreactors were cultured at 37°C and oxygenated at 11%0,, until a 

cell density of approximately 2xl 06 cells/ml was reached (two days). At the end ·or day 

two, the bioreactor temperature was lowered to 28°C and the bioreactors were cultured for 

an additional S dayg. On day 7, at ~11 densities of approximately 3xtcf cells/ml and cell 

· lS 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 LTPR-lg was achieved which represents a 3.3 fold increase over the titer that waS 

~btained when the S8ll}.C 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 Fe 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 Fe domains would dimerize 

25 would increase the fraction of correctly folded receptor domains. We explored several 

methods to achieve this result. It is possible that different lg Fe domains would fold at 

different rates, yet exchange of the lgG l domain for an IgG4 domain did not change the 

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

peptide chains were removed from the lgGl Fe domain by mutagenesis. The Fe <Jomains 

30 can dimerize well in the absence of hinge disulfide fonnation but the rate may be slower in 

its absence. Replacement of the two cysteine residues by alanine resulted in a decreased 
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amount of dead fonn as quantitate4 by SD~-P ~GE and HIC C?hromatography such that 
. . . . . . ' ·; . 

where wild type LT~R-Jg would CQ~tain SO 81ld 5% dea4 fomis at 37 and 28 °C, the . 
. . ' ~ . - ·: . . ·.. . . ·.· 

deletion of the cystein~ from the lgG~ hinge lead to 20 and S % dead fonn when produced 

at ~ese respective te~pertures. · TQ.~f<?re, 1\~nge modification by replacement of both cys 

s residues can improve~ _quality of a pre~tion and, moreover, it is possible that 

replacement of only one cys resid~ ~ould have a beneficial effect. Such genetic 
. . .· :· ·. .· ·.· .'· . ·, . . '·. 

modifications could reduce the percentage of dead fonn with recourse to low temperature 
. ~ . . . . . . . . 

-producU<>n,methods. : . : 

10 . ExaQaple 5: ·Deletion of Cystine Bridges to Co~ Folding Problems· 
. .. ·.. . . . , 

Typically, it is very difficul~ to 4;lef.me the folding P!lthways utilized by a protein to . 
. ' . . . . . 

·get to·the final correct form. Non~thelesS, sQm..e disulfide bridges in·the TNFreceptor 
. ' . . . . . ' . . . . 

. family are unusual anc;l.may nQt be n~ed (or the final folded state. These bridge8 are 
. '·, ·. . .... ' ,·. . ·' ·. 

·good candidates for mu~geneisis~ Qne,!;Uch l>ridge in.the Ullid domain ofLT~R-Ig was 
. . . . .. : .· . . ·. 

15 · . removed by conventionat site direc:teci mutagenesis of cysteines 101 and 108 tQ alanines 
' ' ·1: ·.. . ' • ' .. .' ' . ' . 

(using the numbering from the ~uenc:e.defineci in Ware et ~ 1995) led to an improved 
. . . . . . . ·. . 

· · ratio of dead/live material as evi.denced by SPS-PA(j:&' With wild type LTPR-Ig typically 
. : ,. : ; . . . . . . 

shows the presence of so aild 5% dead fo~ when. p~9uced at 37 and 28 °C respectively. 

The mutant fonn wi~ the one cystein disulfide bridge deleted had 20 and 5% dead form 

20 when produced at these temperatures. 

Example 6: Use or lower temperatures-to improve the quality or a preparation of 

HVEM-Ig 

Herpes virus entry mediator (HVEM) is a TNF family receptor related to the LTPR 

2s and binds tightly to the ligand LIGHT tightly and weakly to the ligand lymphotoxin-a 

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

amplification of the extracellular domain and fu:sed to the human IgG 1 CH2 and CH3 

region as described for LTPR-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 
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(293'-E cells)• Supematents were collected and HVBM-Ig ptinfiC<i using ProteinA affinity 
ctiromatography and low pH elution. Recombinant LTa was prepared from insect cells as 

described (Browning et al, 1996a). Recombinant soluble human UGHT was prepared by. 

PCR amplification of the entire cDNA using RNA from activated U23 cells yielding the 

s 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, 

.· 1~96).. A FLAG tag and (G..Sh spacer amino acid sequences were inserted between lhe' . 

leader and the receptor binding domain ·such that the secreted LIGHT would possess a N-

10 : terminal FLAG sequence: The construct encoded the following molecule: 
"MRFPSIPTAVLFAASSALAAPVNTTTEDETAQIPAEAVIGYSDLEGDFDVAVLPFSNSTN 
NGLLFINTTIASIAAKEEGVSL~KR •.• EADYKDDDDNGGGSGGGSGGGSKELNPAAHLTGA:· 
NSSLTGSGGPLLWETQLGLAF~GLSYHDGALVVTKAGYYYIYSKVQLGGVGCPLGLASTI.· 
THGLYKRTPRYPEELELLVSQQSPCGRATSSSRVWWDSSFLGGVVHLEAGEEVVVRVLDER, 

·IS LVRLRDGTRSYFGAFMV" 

where the two dots indicates the expected N-tenninus of the mature protein which could·be 

· further processed by removal of the next two amino acids (EA). The protein was purified 

from the supernatant by affinity choanatography over an anti-FLAG mAb column and 

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

20 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-lg to cell surfaces and: 

BIA.core methods for measuring the binding of soluble ligands to immobilized receptor-lg 

have been described (Mackay et al, 1997). The BIAcore technology yields real time 
measurements of protein bound to the chips (i.e. the receptor). 

2S 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 

every4 days. The secreted HVEM-Ig was purified using Protein 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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preparations behaved similarity on SDS-PAGE analysis (figure. to) suggesting that large 

alterations in the protein did not occur. Therefore, if aberrant folding/disulfide bridging 

occurred, it was either intra-ann or oc:curred close to the hinge region of the Fe domain, i.e. 

inter-~ bridging and·hence did not appreciably affect the overall shape of the molecule in 

S SDS-PAGE. The ability ofthereceptor~Igtob~nd to UGJIT expressed on 293-E cells or 

UGHT.on activated U23 cells was asse$sed in FA.CS binding assays (figure 11). On both 

cell~ •. ~e·ability ofHVEM-Ig to '3ind cell surface ligand was i~roved roughly 2-3 

.fol.d·upon.expres&ioQ at 32 C.. Using BIAcore technology, it w~ observed that·.when . . 

-BIAcore chips werel?adectwith HVEM-Ig to similar levels (RU. values reflect amount of· 

1.0 prote~ on the chip), HVEM-Ig produced ·at lower tempera~ bound·more ligand than 

: proteins produced at the higher tempe~ures '(figure 12). This result was obtained whether 

· ·UGHT or LT« was the ligand. The BIAcore binding curv~ show the reaftiine on and off 
. ·. . . . . . . 

binding events and it·~ be seen that ~e binding ,events were similar.regardless of the 

.. p~duction tempera~. Therefo~ a Proti~n of the preparation is effectively dead and this 
. :- . . . •.· ,· . . . 

IS proJ><?rtion is mi~ by ~ower prodtiction, te111p~. We speculate that the lower 
·.: ' . : ·. . ' .. .: . .• . ·.. . ; -:. .. . .... . . .. ·; . :· ·' .. · ·. ·'. . ·· .... ·. ·•· ·. . 

temperature has co~d an abberant folding Pf91?le111.and improved the percentage of live 
. ·. . . ,. • :" : • ; ·.. . . . . .. . • . •. : : .::- . )~· : .. ·• .. • ... ' . ' .• :·.i 

molecules even though we cannot directlY observe the fraction of dead molecules. Affinity 
. . . . ·, .· .. ·. : ... , : ·. : . . ··~·· ": -'.!. . . ' . .. . : . ·. . . . . 

chromographic techniq~es as outline4.above could serve to resolve the live/dead fonns 
.. . ,.· .· .·, ' .. -:;. '·.:.·· ·.·•·.• =: .. 

following optimzation of the prep~tj.on by lo:wered growth temperatures and or 
. .. . . . .. ··;. . ·.. :" . . 

20 . mutagenesis of vari~u.~ cysteines either in the hinge or in the receptor itself to prevent 

incorrect folding. 

Example 7: · Generic Schemes to Minimize Dead Fol-ms of Other TNF·family 

Receptor-lg Fusion Proteins 

2S Mast receptors of the TNF family have been prepared ·as fusion protein constructs 

30 

with immunoglobulin•Fc domains: 

p55TNF-R 

p75TNF-R 

LTP-R 

Fas 

· Reference 

(Loestcher et al, 1991, Marsters et al, 1992; Ashkenazi et al, 1991) 

(Mohler et al, 1993) 

(Crowe et al, 1994) 

(Suda et al, 1993) 



s 

WOOOJ36mn 

CD27 

CD30 

.CD40· 

Ox40 

4-lBB· 

.. · '. -23-
(000dwin et al,.1993) 

(Smith et al, 1993) 

(Fanslow et al, 1992) 

(Baum et al, 1994) 

(Alderson et al, 1994) 

HVEM(Mauri et al, 1998) 
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.IIi several c;ases. most notably, Fas-Ig"and CD40-Ig e.g. Fanslow et al,.1992; the chimeras 

are poorly active relative to the soluble Pc- forms of the two TNF receptors. It is possible 

· JO that some of these preparations are mixtures of live and dead forms in varying ratios. A 

dead fonn refers simply to a molecule that binds with a affinity substantially (I 0-1000 fold) 

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

a reduced·affiitlty for ligand relative to the high affinity fonn found on cells naturally. 

Abberant i_nter-receptor arm or intra-receptor arm disulphide linkages may occur le~ng to 

15 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. binding 

assay to the native receptor on a cell surface (although other methods using recombinant 

20 receptor forms may suffice) would be used to fonn affinity columns. The preparation of 

the mixture of live and dead receptor-Fe forms would be passed over the column and the 

flow through collected. The material that bound to the column would be eluted with a low 

pH buffer (typically pH 2.5 to 4.0) immediately neutralized. The two fractions would be 

bound to either cells in a FACS binding assay (or any other standard binding fonnat) or 

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

live fonn and a difference between the concentration needed to get 50% binding of the 

flow through vs eluate will be seen. This result marks that mAb as a demarcating mAb. 

The ratio of the protein in the eluate to the flow through will indicate the percent live form 

in the preparation. 
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These mAbs thus identified can be used to affinity.purify the live form. Moreover. 

their use in various imm\llloassay fonnats can be used to optimize for expression of the 

correct form of the desired receptor-Fe fonn. The assay can further be used in conjunction 

.with other conventional purification·me~ods .to fmd methods that would purify the active 

s form of the receptor without resort to affinity techniques. Using these Abs to delineate live 

and dead fonns, the culture temperature could be optimized and chromatographic methods 

develop~ to enrich for the live form. Alternatively, HIC column methods could·be • • ·,·, . i · · 

·exploited ta.separate.live and deacl:fonns aµ.d.usingthis method, culture conditiong-could~be :· ·· · · ·· 

optimized. Ukewise; theSe assays would form the basis for cysteine mutagenesis-oftb.e · ... 

. · 10 . receptor portion to define problem disulfide bonds which upon removal would· yield · · 

funetionally active~· 

IS 

As many of these receptors wiJl have application as therapeutic agents in hum.an 

.disease and one will \\'ant t,o put only properly folded forms into a pati-.-these methods 

for both defining the p~p~9n and remoying poor binding forms will have utility. 

lt'will be ~t ~ ~ose skiµ.ed in the.art that various modifications and 

variati()llS can be~ in the metho~ of tile p~t.invention without departing from the 

spirit or scope of the in~ntion. 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 an~ their equivalents. 
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Table I: Summarv of Anti-LT·b·B mAbs· 

mAb 
&!!!! 

BDAS 
AGHl 

BCG6 
BHAJO 

BKAll 
CDHIO 

CBEll 

Bloclcing 
ce11 Receptor 
Staining~ 

Predp1tatecl' QmJ!! 

+++ +++ 
+++ 

+++ ++ 
+++ +++ 

+++ +I-
+++ 

+++ nd 

Jrr29 CDotOJiclly 

mAb 
lmmobUizecl 
an Plastic• 

++ 
+++ 
_,,_._. 

+++ 
+/-·. 

... 
"+F+ 

+++ 

+++ 

Soluble Soluble 
mAb mAb with Band 
..__ :. J,Tal{b2 

·+/- . .. -
+/-

+/- +I-
+/- +1-· 

+++. 
+I- +++ 

+/-
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Receptor 
mAb 

upper 
upper. 

both 
ncl 

both 
ncl 

both 

•Assay assessed whether antibody blocks binding of soluble receptor to activated Il-23. nd = not done. 
~Goat anti-mouse Pc coated plate, captured anti-:rcceptor mAb, HT29s plus IFNg. 
"Blocks 

2S • Potenliales 

30 

•Variable, some parual inhibition in some assays, none in others •. 
'Receptor fonn precipitated using mAb plus KappaLock system. 
1 Groups were defined on the basis of the data in this table plus epitope mapping done using BIAcore 
tecbnology. 

Table Il Expression of LT(JR-Ig constructs in CHO cells cultured at different culture 

temperatures. 

Construct Fermentation Exp re.ion % Inactive 
Temoerature °C m'l/L• Componentsb 

37 ' 50 
L~ROS 32 12 17 

28 20 10 
37 10 50 

LTPR09 32 - -
28 76 6 

a . . . . 0 The expression level was assessed using Protein A affinity chromatography. The amount 
of inactive components present in the LT~R-Ig preparation was assessed after Protein A 

35 affinity purification using the analytical HIC method. 

11iii1iflf 
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Tabl ID DMFJBAM' F 12 G wth Medi S I ts e . s . ro a uDD1emeu 
Comoonent ·Amowit in 1L RrOwth media• -
Fetal Bovine Serum lOOml 
Glucose 1.85 e:. 
Ammonium bicarbonate 2.2g: 

Stret>tomvcin 
,_ 

140 m2 ··--
Gentamvcin SOm2· 
Ethanolamine (1 M stack) 0.1 ml 
Liooie·acid 91.2mg 
Lirioieic acid 38.4mg 
Triiodo-L-Thvroniiie 0.2!D 
Bx-Cvte VLB ffia.yer\ 1 ml 
Bovine Insulin 10in2' 
Bovme Transfelrin - 10m2: 
-Bovine Serum Albuniin SODll! 
Pluionic F-68 12 
Cnteine 82rM 
:Methionine .·., .. ·34 in)t :_ 

Serine 521112 
Valine . ·.··· -- .•.•.·· . JOS.6.ine: 
Glvcine 50Dl2: 
Asuartic Acid 

., ,. -- 24~4 ID2" 

Pro line . -52.2nit? 
• Components are mixed with the base ~edia powder and the volume is then brought to IL. 
The pH of the media is adjusted to 7.20 i17.25 using 50% HCI. --
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What is claimed is: 
. ;:· 

.. ··r.· 

1. A methodifor the expression of high yields of active protein-lg fusions comprising 

culturing a host transfonned with DNA encoding a desired protein-lg fusion in a 

s culture system having a low temperature of about 27° C to about 35° C. 

2. The method of claim 2 wherein the temperature is about 27°C to about 32° C. 

3. The method of claim 3 wherein said transfonned host is first cuJtui'ed at a temperature 

above- about 33° C for a period of time suffiCient to allow growth of sai:d bdst: · ... . .. 

4. ·The method of claim 1 wherein said protein-lg fusion comprises a member· of'the TNF 

10 receptor family. 

S. The method of claim 3 wherein said TNF receptor family member is a lyniphotoxin-8 

·receptor, TNFR.;.SS, HVEM or a fragment thereof. 

6. The method of claim 1 further comprising the step of recovering active protein-lg 

, fusions from said culture system by hydrophobic interaction chromatography. 

lS 1. The method of claim 1 wherein said culture system comprises insect or bacterial cells. 

8. An active protein-lg fusion obtained by culturing a host transformed with DNA 

encoding the fusion in a culture system having a low temperature of about 27° C to: 

about35 ° C. 

9. The fusion of claim 8 comprising a member of the TNF family. 

20 10. The fusion of claim 9 comprising LT-8 receptor, or a fragment thereof. 

11. The fusion: of claim 9 comprising HVEM, or a fragment thereof. 

12. A method of making a pharmaceutical preparation comprising an active protein-lg 

fusion said method comprising: 

(a) culturing a host transformed with DNA encoding the protein-lg fusion in a culture 

2S system having a Jow temperature of about 27° C to about 32 ° C, thereby expressing 

active protein-lg fusions; 

(b) recovering active protein-lg fusions from said culture system; and 

(c) combining the active protein-lg fusions of step (b) with a pharmaceutically 

acceptable carrier. 

I lllllll llllll lllll lllll II llll 
* C L M S * 
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13. The method of claim 12 wherein the protein-lg fusion comprises a member .of the TNF 

family. or a fragm,~tthereof. .. 

14. The method of claim l3wherein the protein~Ig fusion comprises lymphotoxin-B 

receptor or a fragn,te.l)t thereof. 

s 15. The method of claim.13 wherein the protein-lg fusion comprises HVEM. or a fragment 
.· ·"· 

thereof. 

16. A pharmaceutical;p~parati9n obtained by . 
. :: . 

. ··'.(a,). c~ng:ahQst transfoan~ with DNA encoding the protein-lg .fusion in a 

culture .sys•:~~ving a low temperature of about 27° C to about 32 ° C; .thereby· 

10 expressing acti'\re protein-lg fusions; 

15 

20 

(b) recovering ~tive protein-lg fusions from said culture syg~ and 

: ·{c) combinin~ ili~ active protein-lg fusions of step (b) with a pharmaceutically 

acceptable C8f!ier •. 

17. The pharmaceutic~ preparation of claiJn 16 wherein the protein-lg fusion c9mprises a 

member of the TNF family •. 

18. The pharmaceutical preparation of claim 17 wherein the protein-Jg fusion comprises a 
- . . .· . . . 

lymphotoxin-B ~or or a fragment thereof. 

19. The pharmaceutical preparation of claim 17 wherein the protein-lg fusion comprises 

HVBM, or a fragment tbCreof. . , .· · 

20. A method for th~ ~pression.ofhigh yields of active proteip-Ig fusions comprising 

culturing yeast ~formed with DNA encoding a desired protein-lg fusion in a culture 

system having a lo\V temperature of about 10° C to about 25° C. 

21. The method of claim 20 wherein the temperature is about 15°C to about 200 C. 

22. The method of claim 20 wherein said transformed host is first cultured at a temperature 

25 above about 30~.C .for a period of time suffic•ent to allow growth of said host. 

23. The method of claim 20 wherein said protein-lg fusion comprises a member of the TNF 

receptor family. · . 

24. The method of claim 23 wherein said TNF receptor fimtlly member is a lymphotox.in-B 

receptor or a fragment thereof. 

\ \11\11\ \\\I\\ Ill\\ '"" l\ ''" * C• L M S 
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25. The method of claim20 further comprising the step of rCCOVering active protein-lg 

fusions from said culture system by hydrophobic interaction chromatography. 

26. An active protein-lg fusion obtained by culturing yeast transfonned with DNA 

encoding the fusion in a culture system having a low temperature of about 10° C to 

s about 25 ° c. 
27. The fusion of claim 26 comprising a member of the TNF family. 

28. The fusion of claiin 27 comprising LT-8 receptor, or a fragment thereof • 

. ~ · - . 29. The.fusion of claim 26 comprising HVEM; or a fragment thereof. 

. 30. A pharmaceutical preparation comprising an active protein-lg fusion having an· lg Fe 
10 domain an and peptide chains, wherein the Ig Jlc domain is altered thereby altering the 

rate of disulfide fonnation in the hinge region of said protein-lg fusion. 

15 

31. The preparation of claim 30; wherein said lg Fe domain is altered by replacing at least 
one cysteine residue with alanine. · · 

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

20 33. The protein-lg fusion of claim 32 wherein said peptide is derived from a lymphotoxin- , 
Ii receptor. 

. . 
34. A method of making a protein-lg fusion comprising an lg Fe domain crosslinked to a 

peptide derived from the TNF receptor family by mutagenizing at least one cysteine 
2S residue to an alanine, thereby increasing the yield of active fonns of fusion expressed. 

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

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

I 1111111111111 111111111111 1111 
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