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(57) ABSTRACT 

The invention relates to methods for treating or preventing 
acute and/or chronic arthritis. The method comprises admin 
istering to patients in need thereof therapeutically effective 
amounts of a TNF binding protein and methotreXate (N-[4 
[[2,4-diamino-6-pteridinyl)methylamino]benZoyl]-L 
glutamic acid). In a-preferred embodiment, the TNF binding 
protein is sTNFR-I or sTNFR-II. The invention also relates 
to pharmaceutical compositions containing a TNF binding 
protein and methotreXate useful in such methods. 
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COMBINATION THERAPY USING A TNF 
BINDING PROTEIN FOR TREATING 

TNF-MEDIATED DISEASES 

FIELD OF THE INVENTION 

[0001] The present invention relates to the ?eld of TNF 
mediated diseases. More speci?cally, the present invention 
relates to combination therapy for the purpose of preventing 
or treating TNF-mediated diseases. 

BACKGROUND OF THE INVENTION 

[0002] In?ammation is the body’s defense reaction to 
injuries such as those caused by mechanical damage, infec 
tion or antigenic stimulation. An in?ammatory reaction may 
be expressed pathologically When in?ammation is induced 
by an inappropriate stimulus such as an autoantigen, is 
expressed in an exaggerated manner or persists Well after the 
removal of the injurious agents. Such in?ammatory reaction 
may include the production of certain cytokines. 

[0003] While the etiology of in?ammation is poorly 
understood, considerable information has recently been 
gained regarding the molecular aspects of in?ammation. 
This research has led to identi?cation of certain cytokines 
Which are believed to ?gure prominently in the mediation of 
in?ammation. Cytokines are extracellular proteins that 
modify the behavior of cells, particularly those cells that are 
in the immediate area of cytokine synthesis and release. 
Tumor necrosis factors (TNFs) are a class of cytokines 
produced by numerous cell types, including monocytes and 
macrophages. 
[0004] At least tWo TNFs have been previously described, 
speci?cally TNF alpha (TNF-0t) and TNF beta (TNF-[3 or 
lymphotoxin), and each is active as a trimeric molecule and 
is believed to initiate cellular signaling by crosslinking 
receptors (Engelmann et al. (1990), J. Biol. Chem, 
265:14497-14504). 
[0005] Several lines of evidence implicate TNF-0t and 
TNF-[3 as major in?ammatory cytokines. These knoWn 
TNFs have important physiological effects on a number of 
different target cells Which are involved in in?ammatory 
responses to a variety of stimuli such as infection and injury. 
The proteins cause both ?broblasts and synovial cells to 
secrete latent collagenase and prostaglandin E2 and cause 
osteocyte cells to stimulate bone resorption. These proteins 
increase the surface adhesive properties of endothelial cells 
for neutrophils. They also cause endothelial cells to secrete 
coagulant activity and reduce their ability to lyse clots. In 
addition they redirect the activity of adipocytes aWay from 
the storage of lipids by inhibiting expression of the enZyme 
lipoprotein lipase. TNFs also cause hepatocytes to synthe 
siZe a class of proteins knoWn as “acute phase reactants,” 
Which act on the hypothalamus as pyrogens (Selby et al. 
(1988), Lancet, 1(8583):483; Starnes, Jr. et al. (1988), J. 
Clin. Invest, 82:1321; Oliff et al. (1987), Cell, 501555; and 
Waage et al. (1987), Lancet, 1(8529):355). 
[0006] A disease or medical condition is considered to be 
a “TNF-mediated disease” if the spontaneous or experimen 
tal disease is associated With elevated levels of TNF in 
bodily ?uids or in tissues adjacent to the focus of the disease 
or indication Within the body. TNF-mediated diseases may 
also be recogniZed by the folloWing tWo conditions: (1) 
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pathological ?ndings associated With a disease can be mim 
icked experimentally in animals by the administration of 
TNF and (2) the pathology induced in experimental animal 
models of the disease can be inhibited or abolished by 
treatment With agents Which inhibit the action of TNF. Many 
TNF-mediated diseases satisfy tWo of these three conditions, 
and others Will satisfy all three conditions. 

[0007] TNF-mediated diseases such as rheumatoid arthri 
tis and psoriatic arthritis are chronic joint diseases that af?ict 
and disable, to varying degrees, millions of people World 
Wide. Rheumatoid arthritis is a disease of articular joints in 
Which the cartilage and bone are sloWly eroded aWay by a 
proliferative, invasive connective tissue called pannus, 
Which is derived from the synovial membrane. The disease 
may involve peri-articular structures such as bursae, tendon 
sheaths and tendons as Well as extra-articular tissues such as 
the subcutis, cardiovascular system, lungs, spleen, lymph 
nodes, skeletal muscles, nervous system (central and periph 
eral) and eyes (Silberberg (1985), Anderson’s Pathology, 
Kissane (ed.), II:1828). 

[0008] It is believed that rheumatoid arthritis results from 
the presentation of a relevant antigen to an immunogeneti 
cally susceptible host. The antigens that could potentially 
initiate an immune response resulting in rheumatoid arthritis 
might be endogenous or exogenous. Possible endogenous 
antigens include collagen, mucopolysaccharides and rheu 
matoid factors. Exogenous antigens include mycoplasms, 
mycobacteria, spirochetes and viruses. By-products of the 
immune reaction in?ame the synovium (i.e., prostaglandins 
and oxygen radicals) and trigger destructive joint changes 
(i.e., collagenase). 
[0009] There is a Wide spectrum of disease severity, but 
many patients run a course of intermittent relapses and 
remissions With an overall pattern of sloWly progressive 
joint destruction and deformity. The clinical manifestations 
may include symmetrical polyarthritis of peripheral joints 
With pain, tenderness, sWelling and loss of function of 
affected joints; morning stiffness; and loss of cartilage, 
erosion of bone matter and subluxation of joints after 
persistent in?ammation. Extra-articular manifestations 
include rheumatoid nodules, rheumatoid vasculitis, pleuro 
pulmonary in?ammations, scleritis, sicca syndrome, Felty’s 
syndrome (splenomegaly and neutropenia), osteoporosis 
and Weight loss (KatZ (1985),Am. J. Med., 79:24 and Krane 
and Simon (1986), Advances in Rheumatology, Synderman 
(ed.), 70(2):263-284). The clinical manifestations result in a 
high degree of morbidity resulting in disturbed daily life of 
the patient. 

[0010] Additionally, preclinical results With various pre 
dictive animal models of rheumatoid arthritis have sug 
gested that inhibition of TNF-0t can have a major impact on 
disease progression and severity (Dayer et al. (1994), Euro 
pean Cytokine Network, 5(6):563-571 and Feldmann et al. 
(1995), Annals Of The New York Academy Of Sciences, 
66:272-278). Moreover, recent human clinical trials in rheu 
matoid arthritis With inhibitors of TNF have shoWn prom 
ising results (Rankin et al. (1995), British Journal Of 
Rheumatology, 3(4):4334-4342; Elliott et al. (1995), Lancet, 
344:1105-1110; Tak et al. (1996),Arthritis and Rheumatism, 
39:1077-1081; Paleolog et al. (1996), Arthritis and Rheu 
matism, 39:1082-1091 and Moreland et al. (1997), New 
England Journal ofMedicine, 337:141-147). 
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[0011] It is an object of the present invention to provide 
therapeutic methods and compositions for the treatment of 
TNF-mediated diseases. This and other objects of the 
present invention Will become apparent from the description 
hereinafter. 

SUMMARY OF THE INVENTION 

[0012] The present invention relates to therapies for pre 
venting and treating TNF-mediated diseases in a patient. The 
present invention speci?cally relates to combination therapy 
using a TNF binding protein for preventing and treating 
TNF-mediated diseases, including rheumatic diseases, and 
the systemic in?ammation and body Weight loss associated 
thereWith. The type of treatment herein referred to is 
intended for mammals, including humans. 

BRIEF DESCRIPTION OF THE FIGURES 

[0013] Numerous aspects and advantages of the present 
invention Will become apparent upon revieW of the ?gures, 
Wherein: 

[0014] FIG. 1 depicts a nucleic acid sequence (SEQ ID 
NO: 1) encoding Asp1-Thr161, mature recombinant human 
soluble TNF receptor type I. Also depicted is the amino acid 
sequence (SEQ ID NO: 2) of Asp1-Thr161. The amino 
terminus of the amino acid sequence may be methionylated 
or nonmethionylated. 

[0015] FIG. 2 depicts a nucleic acid sequence (SEQ ID 
NO: 3) encoding Leu1-Thr179, mature recombinant human 
soluble TNF receptor type II. Also depicted is the amino acid 
sequence (SEQ ID NO: 4) of Leu1-Thr179. The amino 
terminus of the amino acid sequence may be methionylated 
or nonmethionylated. 

[0016] FIG. 3 depicts the effects of c105 sTNFR-I dumb 
bell alone, methotrexate alone and the combination of c105 
sTNFR-I dumbbell and methotrexate on joint diameter in the 
adjuvant arthritic rats in Example 1. 

[0017] FIG. 4 depicts the effects of c105 sTNFR-I dumb 
bell alone, methotrexate alone and the combination of c105 
sTNFR-I dumbbell and methotrexate on ?nal paW Weights 
(index of arthritis), splenomegaly (index of systemic in?am 
mation) and body Weight change in the adjuvant arthritic rats 
in Example 1. 

[0018] FIG. 5 depicts the ?nal analysis (inhibition at 
termination) of the effects of c105 sTNFR-I dumbbell alone, 
methotrexate alone and the combination of c105 sTNFR-I 
dumbbell and methotrexate on joint diameter in the adjuvant 
arthritic rats in Example 1. 

[0019] FIG. 6 depicts the effects of sTNFR-II/Fc alone, 
methotrexate alone and the combination of sTNFR-II/Fc 
With methotrexate on ?nal paW Weights (index of arthritis), 
splenomegaly (index of systemic in?ammation) and body 
Weight change in the adjuvant arthritic rats in Example 2. 

[0020] FIG. 7 depicts the effects of sTNFR-II/Fc alone, 
methotrexate alone and the combination of sTNFR-II/Fc 
With methotrexate on adjuvant arthritic rats in Example 2. 

[0021] FIG. 8 depicts the effects of c105 sTNFR-I dumb 
bell alone, fas fusion protein alone and the combination of 
c105 sTNFR-I dumbbell and fas fusion protein on LPS/D 
Galactosamine lethality in rats in Example 3. 
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DETAILED DESCRIPTION OF THE 
INVENTION 

[0022] The compositions and methods of the invention 
include administering to a patient afflicted With an in?am 
matory joint disease an effective amount of a TNF binding 
protein in combination With any of one or more anti 
in?ammatory drugs or therapies. The preferred patient is 
human. 

[0023] TNF binding proteins are disclosed in the art (EP 
308 378, EP 422 339, GB 2 218 101, EP 393 438, WO 
90/13575, EP 398 327, EP 412 486, WO 91/03553, EP 418 
014, JP 127,800/1991, EP 433 900, US. Pat. No. 5,136,021, 
GB 2 246 569, EP 464 533, WO 92/01002, WO 92/13095, 
WO 92/16221, EP 512 528, EP 526 905, WO 93/07863, EP 
568 928, WO 93/21946, WO 93/19777, EP 417 563, WO 
95/34326, WO 96/28546, and PCT Application No. PCT/ 
US97/12244 the disclosures of Which are hereby incorpo 
rated by reference). 

[0024] For example, EP 393 438 and EP 422 339 teach the 
amino acid and nucleic acid sequences of a soluble TNF 
receptor type I (also knoWn as sTNFR-I or 30 kDa TNF 
inhibitor) and a soluble TNF receptor type II (also knoWn as 
sTNFR-II or 40 kDa TNF inhibitor), collectively termed 
“sTNFRs”, as Well as modi?ed forms thereof (e.g., frag 
ments, functional derivatives and variants). EP 393 438 and 
EP 422 339 also disclose methods for isolating the genes 
responsible for coding the inhibitors, cloning the gene in 
suitable vectors and cell types, and expressing the gene to 
produce the inhibitors. 

[0025] sTNFR-I and sTNFR-II are members of the nerve 
groWth factor/T NF receptor superfamily of receptors Which 
includes the nerve groWth factor receptor (NGF), the B cell 
antigen CD40, 4-1BB, the rat T-cell antigen MRC OX40, the 
fas antigen, and the CD27 and CD30 antigens (Smith et al. 
(1990), Science, 248:1019-1023). The most conserved fea 
ture amongst this group of cell surface receptors is the 
cysteine-rich extracellular ligand binding domain, Which can 
be divided into four repeating motifs of about forty amino 
acids and Which contains-4-6 cysteine residues at positions 
Which are Well conserved (Smith et al. (1990), supra). 

[0026] For purposes of this invention, sTNFRs and modi 
?ed forms thereof, including polypeptides in Which amino 
acids of sTNFR-I and sTNFR-II have been deleted from 

(“deletion variants”), inserted into (“addition variants”), or 
substituted for (“substitution variants”) are collectively 
termed “TNFbp(s)”. [Unless otherWise indicated, amino 
acid numbering for molecules described herein shall corre 
spond to that presented for the mature form of molecule (i.e., 
minus the signal sequence), as depicted by amino acids 
Asp -Thr161 of SEQ ID NO: 2, Witch any initial MET in each 
such sequence being residue number “0”.] 

[0027] It Will be appreciated by those skilled in the art that 
many combinations of deletions, insertions and substitutions 
(individually or collectively “variant(s)”) can be made 
Within the amino acid sequences of the sTNFRs, provided 
that the resulting molecule is biologically active (e.g., pos 
sesses the ability to bind TNF). 

[0028] An sTNFR variant(s) may be rapidly screened to 
assess its physical properties. It Will be appreciated that such 
variant(s) Will demonstrate similar TNF inhibiting proper 
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ties, but not necessarily all of the same properties and not 
necessarily to the same degree as the corresponding unmodi 
?ed STNFR. 

[0029] There are tWo principal variables in the construc 
tion of amino acid sequence variant(s): the location of the 
mutation site and the nature of the mutation. In designing 
variant(s), the location of each mutation site and the nature 
of each mutation Will depend on the biochemical character 
istic(s) to be modi?ed. Each mutation site can be modi?ed 
individually or in series, e.g., by (1) deleting the target 
amino acid residue, (2) inserting one or more amino acid 
residues adjacent to the located site or (3) substituting ?rst 
With conservative amino acid choices and, depending upon 
the results achieved, then With more radical selections. 

[0030] Amino acid sequence deletions generally range 
from about 1 to 30 amino acid residues, preferably from 
about 1 to 20 amino acid residues, more preferably from 
about 1 to 10 amino acid residues and most preferably from 
about 1 to 5 contiguous residues. Amino-terminal, carboXy 
terminal and internal intrasequence deletions are contem 
plated. Deletions Within the amino acid sequences of the 
sTNFRs may be made, for eXample, in regions of loW 
homology With the sequences of other members of the 
NGF/T NF receptor family. Deletions Within the amino acid 
sequences of the sTNFRs in areas of substantial homology 
With the sequences of other members of the NGF/TNF 
receptor family Will be more likely to signi?cantly modify 
the biological activity. Speci?cally, the sequence similarity 
among NGF/T NF receptor family members is particularly 
high in the region corresponding to the ?rst tWo disul?de 
loops of domain 1, the Whole of domain 2, and the ?rst 
disul?de loop of domain 3 (Banner et al. (1993), Cell, 
73:431-445). The number of total deletions and/or consecu 
tive deletions preferably Will be selected so as to preserve 
the tertiary structure in the affected domain, e.g., cysteine 
crosslinking. 

[0031] EP 393 438 teaches a 40 kDa TNF inhibitor A51 
and a 40 kDa TNF inhibitor A53, Which are truncated 
versions of the full-length recombinant 40 kDa TNF inhibi 
tor protein Wherein 51 or 53 amino acid residues, respec 
tively, at the carboXyl terminus of the mature protein are 
removed. Accordingly, a skilled artisan Would appreciate 
that the fourth domain of each of the 30 kDa TNF inhibitor 
and the 40 kDa inhibitor is not necessary for TNF inhibition. 
In fact various groups have con?rmed this understanding. 
Domain-deletion derivatives of the 30 kDa and 40 kDa TNF 
inhibitors have been generated, and those derivatives With 
out the fourth domain retain full TNF binding activity While 
those derivatives Without the ?rst, second or third domain, 
respectively, do not retain TNF binding activity (Corcoran et 
al. (1994), Eur J. Biochem., 223:831-840; Chih-Hsueh et al. 
(1995), The Journal of Biological Chemistry, 270(6):2874 
2878; and Scallon et al. (1995), Cytokine, 7(8):759-770). 

[0032] PCT Application No. PCT/US97/12244 teaches 
truncated forms of sTNFR-I and sTNFR-II Which27do not 
contain the fourth domain (amino acid residues Thr Asn161 
of sTNFR-I and amino acid residues Pro141-Thr179 of 
sTNFR-II); a portion of the third domain (amino acid 
residues Asn111-Cys126 of sTNFR-I and amino acid residues 
Pro123-Lys140 of sTNFR-II); and, optionally, Which do not 
contain a portion of the ?rst domain (amino acid residues 
Asp -Cys19 of sTNFR-I and amino acid residues Leu1-Cys32 
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of sTNFR-II). The truncated sTNFRs of the present inven 
tion include the proteins represented by the formula R1 
[Cys19-Cys1O3]-R2 and R4-[Cys32-Cys115]-R5. These pro 
teins are truncated forms of sTNFR-I and sTNFR-II, 
respectively. 
[0033] By “R1-[Cys19-Cys1O3]-R2” is meant one or more 
proteins Wherein [Cys19-Cys1O3] represents residues 19 
through 103 of sTNFR-I, the amino acid residue numbering 
scheme of Which is provided in FIG. 1 to facilitate the 
comparison; Wherein R1 represents a methionylated or non 
methionylated amine group of Cys19 or of amino-terminus 
amino acid residue(s) selected from any one of Cys18 to Asp1 
and Wherein R2 represents a carboXy group of Cys103 or of 
carboXy-terminal amino acid residues selected from any one 
of Phe104 to LeunO. 

[0034] Exemplary truncated sTNFR-I of the present 
invention include the folloWing molecules (collectively 
termed 2.6D sTNFR-I): NH2-[Asp1-Cys1O5]-COOH (also 
referred to as STNFR-I 2.6D/C105); NH2-[Asp1-Leu1O8] 
COOH (also referred to as sTNFR-I 2.6D/C106); NH2 
[Asp1-Asn105]-COOH (also referred to as sTNFR-I 2.6D/ 
N105); NH2-[Tyr9-Leu1O8]-COOH (also referred to as 
sTNFR-I 2.3D/d8); NH2-[Cys19-Leu1O8]-COOH (also 
referred to as sTNFR-I 2.3D/d18); and NH2-[Ser16-Leu1O8] 
COOH (also referred to as sTNFR-I 2.3D/d15), either 
methionylated or nonmethionylated, and variants and 
derivatives thereof. 

[0035] By “R3-[Cys32-Cys115]-R4” is meant one or more 
proteins Wherein [Cys32-Cys115] represents residues Cys32 
through Cys115 of sTNFR-II, the amino acid residue num 
bering scheme of Which is provided in FIG. 2 to facilitate 
the comparison; Wherein R3 represents a methionylated or 
nonmethionylated amine group of Cys32 or of amino-termi 
nus amino acid residue(s) selected from any one of Cys31 to 
Leu1 and Wherein R4 represents a carboXy group of Cys115 
or of carboXy-terminal amino acid residue(s) selected from 
any one of Ala116 to Arg122. 

[0036] An amino acid sequence addition may include 
insertions of an amino- and/or carboXyl-terminal fusion 
ranging in length from one residue to one hundred or more 
residues, as Well as internal intrasequence insertions of 
single or multiple amino acid residues. Internal additions 
may range generally from about 1 to 20 amino acid residues, 
preferably from about 1 to 10 amino acid residues, more 
preferably from about 1 to 5 amino acid residues, and most 
preferably from about 1 to 3 amino acid residues. Additions 
Within the amino acid sequences of the sTNFRs may be 
made in regions of loW homology With the sequences of 
other members of the NGF/T NF receptor family. Additions 
Within the amino acid sequence of the sTNFRs in areas of 
substantial homology With the sequences of other members 
of the NGF/TNF receptor family Will be more likely to 
signi?cantly modify the biological activity. Additions pref 
erably include amino acid sequences derived from the 
sequences of the NGF/T NF receptor family members. 

[0037] An amino-terminus addition is contemplated to 
include the addition of a methionine (for eXample, as an 
artifact of the direct eXpression in bacterial recombinant cell 
culture). A further eXample of an amino-terminal addition 
includes the fusion of a signal sequence to the amino 
terminus of mature sTNFRs in order to facilitate the secre 
tion of protein from recombinant host cells. Such signal 
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sequences generally Will be obtained from and thus be 
homologous to the intended host cell species. For prokary 
otic host cells that do not recognize and process the native 
signal sequence of the sTNFRs, the signal sequence may be 
substituted by a prokaryotic signal sequence selected, for 
example, from the group of the alkaline phosphatase, peni 
cillinase or heat-stable enterotoxin II leader sequences. For 
expression in yeast cells the signal sequence may be 
selected, for example, from the group of the yeast invertase, 
alpha factor or acid phosphatase leader sequences. In mam 
malian cell expression the native signal sequences (EP 393 
438 and EP 422 339) are satisfactory, although other mam 
malian signal sequences may be suitable, for example 
sequences derived from other NGF/TNF receptor family 
members. 

[0038] An example of an amino- or a carboxy-terminus 
addition includes chimeric proteins comprising the amino 
terminal or carboxy-terminal fusion of a TNPbp(s) With all 
or part of the constant domain of the heavy or light chain of 
human immunoglobulin (individually or collectively, 
(“STNFR Fc(s)”). Such chimeric polypeptides are preferred 
Wherein the immunoglobulin portion of each comprises all 
of the domains except the ?rst domain of the constant region 
of the heavy chain of human immunoglobulin such as IgG 
(e.g., IgG1 or IgG3), IgA, IgM or IgE. A skilled artisan Will 
appreciate that any amino acid of the immunoglobulin 
portion can be deleted or substituted With one or more amino 
acids, or one or more amino acids can be added as long as 
the TNF binding protein portion still binds TNF and the 
immunoglobulin portion shoWs one or more of its charac 
teristic properties. 

[0039] Another group of variant(s) is amino acid substi 
tution variant(s) of the amino acid sequence of sTNFRs. 
These are variant(s) Wherein at least one amino acid residue 
in an sTNFR is removed and a different residue inserted in 
its place. Substitution variant(s) include allelic variant(s) 
Which are characteriZed by naturally-occurring nucleotide 
sequence changes in the species population that may or may 
not result in an amino acid change. One skilled in the art can 
use any information knoWn about the binding or active site 
of the polypeptide in the selection of possible mutation sites. 

[0040] One method for identifying amino acid residues or 
regions for mutagenesis of a protein is called “alanine 
scanning mutagenesis”, as described by Cunningham and 
Wells (1989), Science, 244:1081-1085, the disclosure of 
Which is hereby incorporated by reference. In this method, 
an amino acid residue or group of target residues is identi?ed 
(e.g., charged residues such as Arg, Asp, His, Lys and Glu) 
and replaced by a neutral or negatively-charged amino acid 
(most preferably alanine or polyalanine) to affect the inter 
action of the amino acids With the surrounding aqueous 
environment in or outside the cell. Those domains/residues 
demonstrating functional sensitivity to the substitutions are 
then re?ned by introducing additional or alternate residues at 
the sites of substitution. Thus, the site for introducing an 
amino acid sequence modi?cation is predetermined. To 
optimiZe the performance of a mutation at a given site, 
alanine scanning or random mutagenesis may be conducted 
and the variant(s) may be screened for the optimal combi 
nation of desired activity and degree of activity. 

[0041] The sites of greatest interest for substitutional 
mutagenesis include sites in Which particular amino acid 
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residues Within an sTNFR are substantially different from 
other species or other NGF/TNF receptor family members in 
terms of side-chain bulk, charge and/or hydrophobicity. 
Other sites of interest include those in Which particular 
residues of an sTNFR are identical among other species or 
other NGF/T NF receptor family members, as such positions 
are generally important for the biological activity of a 
protein. 

[0042] Other sites of interest include those in Which par 
ticular residues are similar or identical With those of such 
sTNFR-I-like proteins and sTNFR-II-like proteins. Accord 
ingly, the folloWing information has been elucidated con 
cerning sTNFR-I (Banner et al. (1993), supra, and Fu et al. 
(1995), Protein Engineering, 8(12):1233-1241). Residues 
Tyr9, Thr39, His55 in Domain 1, residues Phe49, Ser63, Asp82 
in Domain 2 and residues Tyr92 and Ser107 in Domain 3 have 
been identi?ed as being potentially important for the stabi 
liZation of the structure of Domains 1, 2 and 3, respectively. 
Residues Pro12 and His55 have been identi?ed as potentially 
interacting With Ser86-Tyr87 on subunit C of TNF-ot. Resi 
dues Glu45-Phe49 have been identi?ed as being in a loop 
Which potentially interacts With residues Leu29-Arg32 of 
TNF-ot subunit A. Residues Gly48 has been identi?ed as 
potentially interacting With Asnlg-Pro2O on subunit A of 
TNF-ot. Residue His58-Leu6O have been identi?ed as being 
in an extended strand conformation and side chain interac 
tions With residues Arg31-Ala33 on subunit A of TNF-ot have 
been potentially identi?ed With residue His58 of sTNFR-I 
speci?cally interacting With residue Arg31. Residues Lys“ 
Arg66 have been identi?ed as being in an extended strand 
conformation and have been identi?ed as having side chain 
and main chain interactions With residues Ala145 -Glu146 and 
residue Glu46 on subunit A of TNF-ot. Residue Met69 has 
been identi?ed as potentially interacting With residue Tyr115 
on subunit A of TNF-ot. Residues His94-Phe101 have been 
identi?ed as forming a loop Which interacts With residues 
Thr -Leu75 and Asn137 of subunit C of TNF-ot, With residue 
Trp7916 of sTNFR-I speci?cally interacting With residues 
Ser -Thr72 on subunit C of TNF-ot, Leu100 of sTNFR-I 
being in close proximity With residue Asn137 on subunit C of 
TNF-ot and residue Gln102 of sTNFR-I speci?cally interact 
ing With residue Pro113 on subunit A of TNF-ot. 

[0043] In addition to the cysteines forming the 3 pairs of 
disul?de bonds Within each of the four domains of the 
molecule, there are several other conserved residues that 
contribute to the stabiliZation of the tertiary fold of each 
domain. 

[0044] There are tWo main classes into Which these sta 
biliZing residues fall. The ?rst type contributes to the shield 
ing of the disul?de bond sulfur atoms from solvent. An 
example of this residues in domain 3 is Tyr92. In domain 4 
Phe133 helps to shield the Cys128-Cys139 disul?de bond. All 
four domains have either a Tyr or Phe at these same 
structurally conserved locations. The second class of stabi 
liZing residues form hydrogen bonds Within their respective 
domains. Within domain 3 Asn123 and Ser107 form a hydro 
gen bond and Ser107 forms an additional hydrogen bond With 
Thr124. For domain 4 these residues include Asn144 and 
Ser141. 

[0045] In addition there are hydrogen bonds betWeen 
domain 3 and 4 that are not seen betWeen other domains. 
These hydrogens bonds are (1) Asn105 main-chain oxygen 
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and Asn137 side-chain nitrogen and (2) Ser107 side-chain 
oxygen and Asn137 main-chain nitrogen. 

[0046] A skilled artisan Will appreciate that initially the 
sites should be modi?ed by substitution in a relatively 
conservative manner. Such conservative substitutions are 

shoWn in Table 1 under the heading of “Preferred Substitu 
tions”. If such substitutions result in a change in biological 
activity, then more substantial changes (Exemplary Substi 
tutions) may be introduced and/or other additions/deletions 
may be made and the resulting products screened. 

TABLE 1 

Amino Acid Substitutions 

Original Preferred Exemplary 
Residue Substitutions Substitutions 

Ala (A) Val Val; Leu; Ile 
Arg (R) Lys Lys; Gln; Asn 
Asn (N) Gln Gln; His; Lys; 

Arg 
Asp (D) Glu Glu 
Cys (C) Ser Ser 
Gln (Q) Asn Asn 
Glu Asp Asp 
Gly (G) Pro Pro 
His Arg Asn; Gln; Lys; 

Arg 
Ile (I) Leu Leu; Val; Met; 

Ala; Phe; 
norleucine 

Leu (L) Ile norleucine; 
Ile; Val; Met; 
Ala; Phe 

Lys Arg Arg; Gln; Asn 
Met Leu Leu; Phe; Ile 
Phe Leu Leu; Val; Ile; 

Ala 
Pro (P) Gly Gly 
Ser (S) Thr Thr 
Thr (T) Ser Ser 
Trp Tyr Tyr 
Tyr (Y) Phe Trp; Phe; Thr; 

Ser 

Val (V) Leu Ile; Leu; Met; 
Phe; Ala; 
norleucine 

[0047] In making such changes, the hydropathic index of 
amino acids may be considered. The importance of the 
hydropathic amino acid index in conferring interactive bio 
logical function on a protein is generally understood in the 
art (Kyte and Doolittle (1982), J. M01. Bi0l., 157:105-131, 
the disclosure of Which is incorporated herein by reference). 
It is knoWn that certain amino acids may be substituted for 
other amino acids having a similar hydropathic index or 
score and still retain a similar biological activity. 

[0048] It is also understood in the art that the substitution 
of like amino acids can be made effectively on the basis of 
hydrophilicity, particularly Where the functionally equiva 
lent protein or peptide thereby created is intended for use in 
immunological embodiments, as in the present case. US. 
Pat. No. 4,554,101, the disclosure of Which is incorporated 
herein by reference, states that the greatest local average 
hydrophilicity of a protein, as governed by the hydrophilic 
ity of its adjacent amino acids, correlates With its immuno 
genicity and antigenicity, i.e., With a biological property of 
the protein. 
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[0049] US. Pat. No. 4,554,101 also teaches the identi? 
cation and preparation of epitopes from primary amino acid 
sequences on the basis of hydrophilicity. Through the meth 
ods disclosed in US. Pat. No. 4,554,101 a skilled artisan 
Would be able to identify epitopes, for example, Within the 
amino acid sequence of an sTNFR. These regions are also 
referred to as “epitopic core regions”. Numerous scienti?c 
publications have been devoted to the prediction of second 
ary structure, and to the identi?cation of epitopes, from 
analyses of amino acid sequences (Chou and Fasman 
(1974), Biochemistry, 13(2):222-245; Chou and Fasman 
(1974), Biochemistry, 13(2):211-222; Chou and Fasman 
(1978), Adv. Enzymol. Relat. Areas M01. Bi0l., 47:45-148; 
Chou and Fasman (1978), Ann. Rev. Biochem., 47:251-276 
and Chou and Fasman (1979), Biophys. J., 26:367-384, the 
disclosures of Which are incorporated herein by reference). 
Moreover, computer programs are currently available to 
assist With predicting antigenic portions and epitopic core 
regions of proteins. Examples include those programs based 
upon the Jameson-Wolf analysis (Jameson and Wolf (1988), 
Comput. Appl. Bi0sci., 4(1):181-186 and Wolf et al. (1988), 
Comput. Appl. Bi0sci., 4(1):187-191, the disclosures of 
Which are incorporated herein by reference); the program 
PepPlot® (Brutlag et al. (1990), CABS, 6:237-245 and 
Weinberger et al. (1985), Science, 228:740-742, the disclo 
sures of Which are incorporated herein by reference); and 
other programs for protein tertiary structure prediction 
(FetroW and Bryant (1993), BIOTECHNOLOGY, 11:479 
483, the disclosure of Which is incorporated herein by 
reference). 
[0050] In contrast, substantial modi?cations in the func 
tional and/or chemical characteristics of the sTNFRs may be 
accomplished by selecting substitutions that differ signi? 
cantly in their effect on maintaining (a) the structure of the 
polypeptide backbone in the area of the substitution, for 
example, as a sheet or helical conformation, (b) the relative 
charge or hydrophobicity of the protein at the target site or 
(c) the bulk of the side chain. Naturally-occurring residues 
are divided into groups based on common side chain prop 
erties: 

[0051] 1) hydrophobic: norleucine, Met, Ala, Val, 
Leu, Ile; 

[0052] 2) neutral hydrophilic: Cys, Ser, Thr; 

[0053] 3) acidic: Asp, Glu; 

[0054] 4) basic: Asn, Gln, His, Lys, Arg; 
[0055] 5) aromatic: Trp, Tyr, Phe; and 

[0056] 6) residues that in?uence chain orientation: 
Gly, Pro. 

[0057] Non-conservative substitutions may involve the 
exchange of a member of one of these groups for another. 
Such substituted residues may be introduced into regions of 
the sTNFRs that, for example, are homologous With other 
NGF/TNF receptor family members or into non-homolo 
gous regions of the protein. 

[0058] A variety of amino acid substitutions or deletions 
may be made to modify or add N-linked or O-linked 
glycosylation sites, resulting in a protein With altered gly 
cosylation. The sequence may be modi?ed to add glycosy 
lation sites to or to delete N-linked or O-linked glycosylation 
sites from the sTNFRs. An asparagine-linked glycosylation 
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recognition site comprises a tripeptide sequence Which is 
speci?cally recognized by appropriate cellular glycosylation 
enZymes. These tripeptide sequences are either Asn-Xaa-Thr 
or Asn-Xaa-Ser, Where Xaa can be any amino acid other than 
Pro. Proven or predicted asparagine residues of 30 kDa TNF 
inhibitor eXist at positions 14, 105 and 111. 

[0059] Speci?c mutations of the sequences of the sTNFRs 
may involve substitution of a non-native amino acid at the 
amino-terminus, carboXy-terminus or at any site of the 
protein that is modi?ed by the addition of an N-linked or 
O-linked carbohydrate. Such modi?cations may be of par 
ticular utility in the addition of an amino acid (e.g., cys 
teine), Which is advantageous for the linking of a Water 
soluble polymer to form a derivative. For example, WO 
92/16221 describes the preparation of sTNFR-I muteins, 
e.g., Wherein an asparagine residue at position 105 of the 
native human protein is changed to cysteine (c105 sTNFR 
I). 
[0060] In a speci?c embodiment, a variant polypeptide 
Will preferably be substantially homologous to the amino 
acid of the sTNFR from Which it is derived. The term 
“substantially homologous” as used herein means a degree 
of homology that is in eXcess of 80%, preferably in eXcess 
of 90%, more preferably in eXcess of 95% or most prefer 
ably even 99%. The percentage of homology as described 
herein is calculated as the percentage of amino acid residues 
found in the smaller of the tWo sequences Which align With 
identical amino acid residues in the sequence being com 
pared When four gaps in a length of 100 amino acids may be 
introduced to assist in that alignment, as set forth by Dayhoff 
(1972), Atlas of Protein Sequence and Structure, 5:124, 
National Biochemical Research Foundation, Washington, 
DC, the disclosure of Which is hereby incorporated by 
reference. Also included Within the term “substantially 
homologous” are variant(s) of sTNFRs Which may be iso 
lated by virtue of cross-reactivity With antibodies to the 
amino acid sequences of SEQ ID NO: 2 and SEQ ID NO: 4 
or Whose genes may be isolated through hybridiZation With 
the DNA of SEQ ID NO: 1 and SEQ ID NO: 3 or With 
segments thereof. 

[0061] Polypeptide Derivatives 

[0062] Chemically-modi?ed derivatives of the TNFbp(s) 
in Which the protein is linked to a polymer in order to modify 
properties of the protein (referred herein as “derivatives”) 
are included Within the scope of the present invention. Such 
derivatives may be prepared by one skilled in the art given 
the disclosures herein. Conjugates may be prepared using 
glycosylated, non-glycosylated or de-glycosylated 
TNFbp(s) and suitable chemical moieties. Typically non 
glycosylated proteins and Water soluble polymers Will be 
used. 

[0063] Water soluble polymers are desirable because the 
protein to Which each is attached Will not precipitate in an 
aqueous environment, such as a physiological environment. 
Preferably, the polymer Will be pharmaceutically acceptable 
for the preparation of a therapeutic product or composition. 
One skilled in the art Will be able to select the desired 
polymer based on such considerations as Whether the poly 
mer/protein conjugate Will be used therapeutically and, if so, 
the therapeutic pro?le of the protein (e.g., duration of 
sustained release; resistance to proteolysis; effects, if any, on 
dosage; biological activity; ease of handling; degree or lack 
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of antigenicity and other knoWn effects of a Water soluble 
polymer on a therapeutic proteins). 

[0064] Suitable, clinically acceptable, Water soluble poly 
mers include, but are not limited to, polyethylene glycol 
(PEG), polyethylene glycol propionaldehyde, copolymers of 
ethylene glycol/propylene glycol, monomethoXy-polyethyl 
ene glycol, carboXymethylcellulose, deXtran, polyvinyl 
alcohol (PVA), polyvinyl pyrrolidone, poly-1, 3-dioXolane, 
poly-1,3,6-trioXane, ethylene/maleic anhydride copolymer, 
poly ([3-amino acids) (either homopolymers or random 
copolymers), poly(n-vinyl pyrrolidone)polyethylene glycol, 
polypropylene glycol homopolymers (PPG) and other poly 
alkylene oXides, polypropylene oxide/ethylene oXide 
copolymers, polyoXyethylated polyols (POG) (e.g., glyc 
erol) and other polyoXyethylated polyols, polyoXyethylated 
sorbitol, or polyoXyethylated glucose, colonic acids or other 
carbohydrate polymers, Ficoll or deXtran and miXtures 
thereof. As used herein, polyethylene glycol is meant to 
encompass any of the forms that have been used to deriva 
tiZe other proteins, such as mono-(C1-C10) alkoXy- or 
aryloXy-polyethylene glycol. Polyethylene glycol propional 
dehyde may have advantages in manufacturing due to its 
stability in Water. 

[0065] The Water soluble polymers each may be of any 
molecular Weight and may be branched or unbranched. 
Generally, the higher the molecular Weight or the more 
branches, the higher the polymer:protein ratio. The Water 
soluble polymers each typically have an average molecular 
Weight of betWeen about 2 kDa to about 100 kDa (the term 
“about” indicating that in preparations of a Water soluble 
polymer, some molecules Will Weigh more, some less, than 
the stated molecular Weight). The average molecular Weight 
of each Water soluble polymer preferably is betWeen about 
5 kDa and about 40 kDa, more preferably betWeen about 10 
kDa and about 35 kDa and most preferably betWeen about 
15 kDa and about 30 kDa. 

[0066] There are a number of attachment methods avail 
able to those skilled in the art, including acylation reactions 
or alkylation reactions (preferably to generate an amino 
terminal chemically modi?ed protein) With a reactive Water 
soluble molecule. See, for example, EP 0 401 384; Malik et 
al. (1992), Exp. HematoL, 20:1028-1035; Francis (1992), 
Focus on Growth Factors, 3(2):4-10, published by Medis 
cript, Mountain Court, Friern Barnet Lane, London N20 
OLD, UK; EP 0 154 316; EP 0 401 384; WO 92/16221; WO 
95/34326; WO 95/13312; WO 96/11953; WO 96/19459 and 
WO 96/19459 and the other publications cited herein that 
relate to pegylation, the disclosures of Which are hereby 
incorporated by reference. 

[0067] A speci?c embodiment of the present invention is 
an unbranched monomethoXy-polyethylene glycol aldehyde 
molecule having an average molecular Weight of either 
about 20 kDa or about 33 kDa (e.g., betWeen 30 kDa and 35 
kDa), or a tertiary-butyl polyethylene glycol aldehyde hav 
ing an average molecular Weight of about 33 kDa (e.g., 
betWeen 30 kDa and 35 kDa) conjugated via reductive 
alkylation to the TNFbp(s). 

[0068] The pegylation also may be speci?cally carried out 
using Water soluble polymers having at least one reactive 
hydroXy group (eg polyethylene glycol). The Water soluble 
polymer can be reacted With an activating group, thereby 
forming an “activated linker” useful in modifying various 
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proteins. The activated linkers can be monofunctional, 
bifunctional, or multifunctional. 

[0069] Activating groups Which can be used to link the 
Water soluble polymer to tWo or more proteins include the 
following: sulfone, maleimide, sulfhydryl, thiol, tri?ate, 
tresylate, aZidirine, oXirane and 5-pyridyl. Useful reagents 
having a reactive sulfone group that can be used in the 
methods include, Without limitation, chlorosulfone, vinyl 
sulfone and divinylsulfone. These PEG derivatives are 
stable against hydrolysis for extended periods in aqueous 
environments at pHs of about 11 or less, and can form 
linkages With molecules to form conjugates Which are also 
hydrolytically stable. TWo particularly useful homobifunc 
tional derivatives are PEG-bis-chlorbsulfone and PEG-bis 

vinylsulfone (WO 95/13312). 
[0070] WO 97/04003, the disclosure of Which is hereby 
incorporated by reference, teaches methods of making sul 
fone-activated linkers by obtaining a compound having a 
reactive hydroXyl group and converting the hydroXyl group 
to a reactive Michael acceptor to form an activated linker, 
With the use of tetrahydrofuran (THF) as the solvent for the 
conversion. The application also teaches a process for puri 
fying the activated linkers Which utiliZes hydrophobic inter 
action chromatography to separate the linkers based on siZe 
and end-group functionality. 

[0071] Polyvalent Forms 

[0072] Polyvalent forms, i.e., molecules comprising more 
than one active moiety, may be constructed. In one embodi 
ment, the molecule may possess multiple tumor necrosis 
factor binding sites for the TNF ligand. Additionally, the 
molecule may possess at least one tumor necrosis factor 
binding site and, depending upon the desired characteristic 
of polyvalent form, at least one site of another molecule 
(e.g., a TNFbp(s), and an interleukin-1 receptor antagonist 
(“IL-1ra”) as described beloW). 

[0073] In one embodiment, the polyvalent form may be 
constructed, for eXample, by chemically coupling at least 
one TNFbp(s) and another moiety With any clinically 
accepted linker (e.g., a Water-soluble polymer). In principle 
the linker must not impart neW immunogenecity nor, by 
virtue of the neW amino acid residues, alter the hydropho 
bicity and charge balance of the structure Which affects its 
biodistribution and clearance. 

[0074] The Water soluble polymers can be, based on the 
monomers listed herein, homopolymers, random or block 
copolymers, terpolymers straight chain or branched, substi 
tuted or unsubstituted. The polymer can be of any length or 
molecular Weight, but these characteristics can affect the 
biological properties. Polymer average molecular Weights 
particularly useful for decreasing clearance rates in pharma 
ceutical applications are in the range of 2,000 to 35,000 
daltons. In addition, the length of the polymer can be varied 
to optimiZe or confer the desired biological activity. 

[0075] The active moieties may be linked using conven 
tional coupling techniques (see WO 92/16221, WO 
95/13312 and WO 95/34326, the disclosures of Which are 
hereby incorporated by reference). For eXample, WO 
92/16221 and WO 95/34326 describe the preparation of 
various dimeriZed sTNFR-I molecules, e.g., dimeriZed c105 
sTNFR-I. 
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[0076] Alternatively, a bivalent molecule may consist of 
tWo tandem repeats of sTNFRs separated by a polypeptide 
linker region. The design of the polypeptide linkers is 
similar in design to the insertion of short loop sequences 
betWeen domains in the de novo design of proteins (Mutter 
(1988), TIBS, 13:260-265 and Regan and DeGrado (1988), 
Science, 241:976-978, the disclosures of Which are hereby 
incorporated by reference). Several different linker con 
structs have been assembled and shoWn to be useful for 
forming single chain antibodies; the most functional linkers 
vary in siZe from 12 to 25 amino acids (amino acids having 
unreactive side groups, e.g., alanine, serine and glycine) 
Which together constitute a hydrophilic sequence, have a 
feW oppositely charged residues to enhance solubility and 
are ?exible (WhitloW and Filpula (1991), Methods." A Com 
panion [0 Methods in Enzymology, 2:97-105; and Brigido et 
al. (1993), J. ImmunoL, 150:469-479, the disclosures of 
Which are hereby incorporated by reference). It has been 
shoWn that a linker suitable for single chain antibodies is 
effective to produce a dimeric form of the human sTNFR-II 

(Neve et al. (1996), Cytokine, 8(5):365-370, the disclosure 
of Which is hereby incorporated by reference). 

[0077] Additionally, a TNFbp(s) may be chemically 
coupled to biotin, and the resulting conjugate may then be 
alloWed to bind to avidin, resulting in tetravalent avidin/ 
biotin/TNFbp(s) molecules. A TNFbp(s) may also be 
covalently coupled to dinitrophenol (DNP) or trinitrophenol 
(TNP) and the resulting conjugates precipitated With anti 
DNP or anti-TNP-IgM to form decameric conjugates. 

[0078] In yet another embodiment, recombinant fusion 
proteins may also be produced Wherein each recombinant 
chimeric molecule has a TNFbp(s) sequence amino-termi 
nally or carboXy-terminally fused to all or part of the 
constant domains, but at least one constant domain, of the 
heavy or light chain of human immunoglobulin. For 
eXample, a chimeric TNFbp(s)/IgGl (or IgG1/TNFbp(s)) 
fusion protein may be produced from a light chain-contain 
ing chimeric gene: a TNFbp(s)/human kappa light chain 
chimera (TNFbp(s)/Ck) or a human kappa light chain/ 
TNFbp(s) chimera (Ck/TNFbp(s)); or a heavy chain-con 
taining chimeric gene: a TNFbp(s)/human gamma-1 heavy 
chain chimera (TNFbp(s)/Cg-l) or a human gamma-1. 
heavy chain/TNFbp(s) chimera (Cg-1/TNFbp(s)). FolloW 
ing transcription and translation of a heavy-chain chimeric 
gene, or of a light chain-containing gene and a heavy-chain 
chimeric gene, the gene products may be assembled into a 
single chimeric molecule having a TNFbp(s) displayed 
bivalently. Additional details relating to the construction of 
such chimeric molecules are disclosed in US. Pat. No. 

5,116,964, WO 89/09622, WO 91/16437 and EP 315062, the 
disclosures of Which are hereby incorporated by reference. 

[0079] In yet a further embodiment, recombinant fusion 
proteins may also be produced Wherein each recombinant 
chimeric molecule has at least one TNFbp(s), as described 
herein, and at least a portion of the region 186-401 of 
osteoprotogerin, as described in European Patent Applica 
tion No. 963093638, the disclosures of Which are hereby 
incorporated by reference. Either the TNFbp(s) or the por 
tion of osteoprotogerin may be at the amino-terminus or the 
carboXy-terminus of the chimeric molecule. 
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[0080] Synthesis of TNFbp(s) 
[0081] The production of TNFbp(s) is described in further 
detail below. Such proteins may be prepared, for example, 
by recombinant techniques or by in vitro chemical synthesis. 

[0082] Polynucleotides 
[0083] Based upon the present description and using the 
universal codon table, one of ordinary skill in the art can 
readily determine all of the nucleic acid sequences Which 
encode the amino acid sequence of the TNFbp(s). 

[0084] Recombinant expression techniques conducted in 
accordance With the descriptions set forth beloW may be 
folloWed to produce each such polynucleotide and to express 
the encoded proteins. For example, by inserting a nucleic 
acid sequence Which encodes a TNFbp(s) into an appropri 
ate vector, one skilled in the art can readily produce large 
quantities of the desired nucleotide sequence. The sequences 
can then be used to generate detection probes or ampli?ca 
tion primers. Alternatively, a polynucleotide encoding a 
TNFbp(s) can be inserted into an expression vector. By 
introducing the expression vector into an appropriate host, 
the desired protein may be produced in large amounts. 

[0085] As further described herein, there are numerous 
host/vector systems available for the propagation of desired 
nucleic acid sequences and/or the production of the desired 
proteins. These include, but are not limited to, plasmid, viral 
and insertional vectors, and prokaryotic and eukaryotic 
hosts. One skilled in the art can adapt a host/vector system 
Which is capable of propagating or expressing heterologous 
DNA to produce or express the sequences of the present 
invention. 

[0086] Furthermore, it Will be appreciated by those skilled 
in the art that, in vieW of the present disclosure, the nucleic 
acid sequences Within the scope of the present invention 
include the nucleic acids of FIGS. 1 and 3, as Well as 
degenerate nucleic acid sequences thereof, nucleic acid 
sequences Which encode variant(s) of the sTNFRs, and those 
nucleic acid sequences Which hybridiZe to complements of 
the nucleic acids of FIGS. 1 and 3 under hybridiZation 
conditions, or equivalent conditions thereto, disclosed in the 
cDNA library screening section beloW. 

[0087] Also provided by the present invention are recom 
binant DNA constructs involving vector DNA together With 
the DNA sequences encoding the desired proteins. In each 
such DNA construct, the nucleic acid sequence encoding a 
desired protein (With or Without signal peptides) is in 
operative association With a suitable expression control or 
regulatory sequence capable of directing the replication 
and/or expression of the desired protein in a selected host. 

[0088] Recombinant Expression 

Preparation of Polynucleotides 

[0089] A nucleic acid sequence encoding a TNFbp(s) can 
readily be obtained in a variety of Ways including, Without 
limitation, chemical synthesis, cDNA or genomic library 
screening, expression library screening and/or PCR ampli 
?cation of cDNA. These methods and others Which are 
useful for isolating such nucleic acid sequences are set forth 
in Sambrook et al. (1989), Molecular Cloning.'A Laboratory 
Manual, Cold Spring Harbor Laboratory Press, Cold Spring 
Harbor, NY; by Ausubel et al. (1994), Current Protocols in 
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Molecular Biology, Current Protocols Press; and by Berger 
and Kimmel (1987), Methods in Enzymology: Guide to 
Molecular Cloning Techniques, Vol. 152, Academic Press, 
Inc., San Diego, Calif., the disclosures of Which are hereby 
incorporated by reference. 

[0090] Chemical synthesis of a nucleic acid sequence 
Which encodes a desired protein can be accomplished using 
methods Well knoWn in the art, such as those set forth by 
Engels et al. (1989),Angew. Chem. Intl. Ed., 281716-734 and 
Wells et al. (1985), Gene, 34:315, the disclosures of Which 
is hereby incorporated by reference. These methods include, 
inter alia, the phosphotriester, phosphoramidite and H-phos 
phonate methods of nucleic acid sequence synthesis. Large 
nucleic acid sequences, for example those larger than about 
100 nucleotides in length, can be synthesiZed as several 
fragments. The fragments can then be ligated together to 
form a suitable nucleic acid sequence. Apreferred method is 
polymer-supported synthesis using standard phosphoramid 
ite chemistry. 

[0091] Alternatively, a suitable nucleic acid sequence may 
be obtained by screening an appropriate cDNA library (i.e., 
a library prepared from one or more tissue sources believed 
to express the protein) or a genomic library (a library 
prepared from total genomic DNA). The source of the cDNA 
library is typically a tissue or cell source from any species 
that is believed to express a desired protein in reasonable 
quantities. The source of the genomic library may be any 
tissue or tissues from any mammalian or other species 
believed to harbor a gene encoding a desired protein. 

[0092] Each hybridiZation medium can be screened for the 
presence of a DNA encoding a desired protein using one or 
more nucleic acid probes (oligonucleotides, cDNA or 
genomic DNA fragments that possess an acceptable level of 
homology to the cDNA or gene to be cloned) that Will 
hybridiZe selectively With cDNA(s) or gene(s) present in the 
library. The probes typically used for such screening encode 
a small region of DNA sequence from the same or a similar 
species as the species from Which the library is prepared. 
Alternatively, the probes may be degenerate, as discussed 
herein. 

[0093] Hybridization is typically accomplished by anneal 
ing the oligonucleotide probe or cDNA to the clones under 
conditions of stringency that prevent non-speci?c binding 
but permit binding of those clones that have a signi?cant 
level of homology With the probe or primer. Typical hybrid 
iZation and Washing stringency conditions depend in part on 
the siZe (i.e., number of nucleotides in length) of the cDNA 
or oligonucleotide probe and Whether the probe is degener 
ate. The probability of identifying a clone is also considered 
in designing the hybridiZation medium (e.g., Whether a 
cDNA or genomic library is being screened). 

[0094] Where a DNA fragment (such as cDNA) is used as 
a probe, typical hybridiZation conditions include those as set 
forth in Ausubel et al. (1994), supra. After hybridiZation, the 
hybridiZation medium is Washed at a suitable stringency, 
depending on several factors such as probe siZe, expected 
homology of probe to clone, the hybridiZation medium 
being screened, the number of clones being screened and the 
like. 

[0095] Exemplary stringent hybridiZation conditions are 
hybridiZation in 6><SSC at 62-67° C., folloWed by Washing 
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in 0.1><SSC at 62-67° C. for approximately one hour. Alter 
natively, exemplary stringent hybridization conditions are 
hybridization at 45-55% formamide, 6><SSC at 40-45° C., 
followed by Washing in 0.1><SSC at 62-67° C. for approxi 
mately one hour. Also included are DNA sequences Which 
hybridize to the nucleic acid sequences set forth in FIGS. 1 
and 3 under relaxed hybridization conditions and Which 
encode a TNFbp(s). Examples of such relaxed stringency 
hybridization conditions are 6><SSC at 45-55° C. or hybrid 
ization With 30-40% formamide at 40-45° C., folloWed by 
Washing in 1-2><SSC at 55 ° C. for approximately 30 minutes. 
See Maniatis et al. (1982),M0lecular Cloning (ALaboratory 
Manual), Cold Spring Harbor Laboratory, pages 387 to 389, 
the disclosure of Which is hereby incorporated by reference. 

[0096] There are also exemplary protocols for stringent 
Washing conditions Where oligonucleotide probes are used 
to screen hybridization-media. For example, a ?rst protocol 
uses 6><SSC With 0.05 percent sodium pyrophosphate at a 
temperature of betWeen about 35° C. and 63° C., depending 
on the length of the probe. For example, 14 base probes are 
Washed at 35-40° C., 17 base probes at 45-50° C., 20 base 
probes at 52-57° C., and 23 base probes at 57-63° C. The 
temperature can be increased 2-3° C. Where the background 
non-speci?c binding appears high. A second protocol uses 
tetramethylammonium chloride (TMAC) for Washing. One 
such stringent Washing solution is 3 M TMAC, 50 mM 
Tris-HCl, pH 8.0 and 0.2% SDS. 

[0097] Another method for obtaining a suitable nucleic 
acid sequence encoding a TNFbp(s) is the polymerase chain 
reaction (PCR). In this method, cDNA is prepared from 
poly(A)+RNA or total RNA using the enzyme reverse 
transcriptase. TWo primers, typically complementary to tWo 
separate regions of cDNA (oligonucleotides) encoding the 
desired protein, are then added to the cDNA along With a 
polymerase such as Taq polymerase and the polymerase 
ampli?es the cDNA region betWeen the tWo primers. 

[0098] The oligonucleotide sequences selected as probes 
or primers should be of adequate length and suf?ciently 
unambiguous so as to minimize the amount of non-speci?c 
binding that may occur during screening or PCR ampli?ca 
tion. The actual sequence of the probes or primers is usually 
based on conserved or highly homologous sequences or 
regions. Optionally, the probes or primers can be fully or 
partially degenerate, i.e., can contain a mixture of probes/ 
primers, all encoding the same amino acid sequence but 
using different codons to do so. An alternative to preparing 
degenerate probes is to place an inosine in some or all of 
those codon positions that vary by species. The oligonucle 
otide probes or primers may be prepared by chemical 
synthesis methods for DNA, as described herein. 

[0099] Vectors 
[0100] DNA encoding the desired proteins may be inserted 
into vectors for further cloning (ampli?cation of the DNA) 
or for expression. Suitable vectors are commercially avail 
able or may be speci?cally constructed. The selection or 
construction of an appropriate vector Will depend on (1) 
Whether it is to be used for DNA ampli?cation or for DNA 
expression, (2) the size of the DNA to be inserted into the 
vector and (3) the intended host cell to be transformed With 
the vector. 

[0101] The vectors each typically involve a nucleic acid 
sequence Which encodes a desired protein operatively linked 
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to one or more of the folloWing expression control or 
regulatory sequences capable of directing, controlling or 
otherWise effecting the expression of a desired protein by a 
selected host cell. Each vector contains various components, 
depending on its function (ampli?cation of DNA or expres 
sion of DNA) and its compatibility With the intended host 
cell. The vector components generally include, but are not 
limited to, one or more of the folloWing: a signal sequence, 
an origin of replication, one or more selection or marker 

genes, a promoter, an enhancer element, a transcription 
termination sequence and the like. These components may 
be obtained from natural sources or be synthesized by 
knoWn procedures. 

[0102] Examples of suitable prokaryotic cloning vectors 
include bacteriophages such as lambda derivatives, or plas 
mids from E. coli (e.g. pBR322, col E1, pUC, the F-factor 
and Bluescript® plasmid derivatives (Stratagene, La Jolla, 
Calif.)). Other appropriate expression vectors, of Which 
numerous types are knoWn in the art for the host cells 
described beloW, can also be used for this purpose. 

[0103] Signal Sequence 
[0104] The nucleic acid encoding a signal sequence may 
be inserted 5‘ of the sequence encoding a desired protein, 
e.g., it may be a component of a vector or it may be a part 
of a nucleic acid encoding a desired protein. The nucleic 
acids encoding the native signal sequences of the sTNFRs 
are knoWn (EP 393 438, EP 422 339 and WO 96/28546, the 
disclosures of Which are hereby incorporated by reference). 

[0105] Origin of Replication 

[0106] Expression and cloning vectors each generally 
include a nucleic acid sequence that enables the vector to 
replicate in one or more selected host cells. In a cloning 
vector, this sequence is typically one that enables the vector 
to replicate independently of the host chromosomal DNA 
and includes an origin of replication or autonomously rep 
licating sequence. Such sequences are Well knoWn. The 
origin of replication from the plasmid pBR322 is suitable for 
most Gram-negative bacteria, and various origins (e.g., 
Simian Virus 40 (SV40), polyoma, adenovirus, VSV or 
BPV) are useful for cloning vectors in mammalian cells. 
Generally, the origin of replication is not needed for mam 
malian expression vectors (for example, the SV40 origin is 
often used only because it contains the early promoter). 

[0107] Selection Gene 

[0108] The expression and cloning vectors each typically 
contain a selection gene. This gene encodes a “marker” 
protein necessary for the survival or groWth of the trans 
formed host cells When groWn in a selective culture media. 
Host cells that are not transformed With the vector Will not 
contain the selection gene and, therefore, Will not survive in 
the culture media. Typical selection genes encode proteins 
that (a) confer resistance to antibiotics or other toxins, e.g., 
ampicillin, neomycin, methotrexate or tetracycline; (b) 
complement auxotrophic de?ciencies; or (c) supply critical 
nutrients not available from the culture media. 

[0109] Other selection genes may be used to amplify the 
genes to be expressed., Ampli?cation is the process Wherein 
genes Which are in greater demand for the production of a 
protein critical for groWth are reiterated in tandem Within the 
chromosomes of successive generations of recombinant 
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cells. Examples of suitable selectable markers for mamma 
lian cells include dihydrofolate reductase (DHFR) and thy 
midine kinase. The cell transformants are placed under 
selection pressure Which only the transformants are uniquely 
adapted to survive by virtue of the marker being present in 
the vector. Selection pressure is imposed by culturing the 
transformed cells under conditions in Which the concentra 
tion of selection agent in the media is successively changed, 
thereby leading to ampli?cation of both the selection gene 
and the DNA that encodes the desired protein. As a result, 
increased quantities of the desired protein are synthesiZed 
from the ampli?ed DNA. 

[0110] For example, cells transformed With the DHFR 
selection gene are ?rst identi?ed by culturing all of the 
transformants in a culture media that contains methotrexate, 
a competitive antagonist of DHFR. An appropriate host cell 
When Wild-type DHFR is used is the Chinese hamster ovary 
cell line de?cient in DHFR activity (Urlaub and Chasin 
(1980), Proc. Natl. Acad. Sci, USA, 77(7):4216-4220, the 
disclosure of Which is hereby incorporated by reference). 
The transformed cells are then exposed to increased levels of 
methotrexate. This leads to the synthesis of multiple copies 
of the DHFR gene and, concomitantly, multiple copies of 
other DNA present in the expression vector, such as the 
DNA encoding a desired protein. 

[0111] Promoter 

[0112] Expression and cloning vectors each Will typically 
contain a promoter that is recognized by the host organism 
and is operably linked to a nucleic acid sequence encoding 
the desired protein. A promoter is an untranslated sequence 
located upstream (5‘) to the start codon of a structural gene 
(generally Within about 100 to 1000 bp) that controls the 
transcription and translation of a particular nucleic acid 
sequence. A promoter may be conventionally grouped into 
one of tWo classes, inducible promoters and constitutive 
promoters. An inducible promoter initiates increased levels 
of transcription from DNA under its control in response to 
some change in culture conditions, such as the presence or 
absence of a nutrient or a change in temperature. A large 
number of promoters, recogniZed by a variety of potential 
host cells, are Well knoWn. A promoter may be operably 
linked to DNA encoding a desired protein by removing the 
promoter from the source DNAby restriction enZyme diges 
tion and inserting the desired promoter sequence. The native 
promoter sequences of sTNFRs may be used to direct 
ampli?cation and/or expression of the DNA encoding a 
desired protein. A heterologous promoter is preferred, hoW 
ever, if it permits greater transcription and higher yields of 
the expressed protein as compared to the native promoter 
and if it is compatible With the host cell system that has been 
selected for use. For example, any one of the native pro 
moter sequences of other NGF/TNF receptor family mem 
bers may be used to direct ampli?cation and/or expression of 
the DNA encoding a desired protein. 

[0113] Promoters suitable for use With prokaryotic hosts 
include the beta-lactamase and lactose promoter systems; 
alkaline phosphatase; a tryptophan (trp) promoter system; a 
bacterial luminescence (luxR) gene system and hybrid pro 
moters such as the tac promoter. Other knoWn bacterial 
promoters are also suitable. Their nucleotide sequences have 
been published, thereby enabling one skilled in the art to 
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ligate each selected sequence to the desired DNA sequence 
using linkers or adaptors as needed to supply any required 
restriction sites. 

[0114] Suitable promoter sequences for use With yeast 
hosts are also Well knoWn in the art. Suitable promoters for 
use With mammalian host cells are Well knoWn and include 
those obtained from the genomes of viruses such as polyoma 
virus, foWlpox virus, adenovirus (such as Adenovirus 2), 
bovine papilloma virus, avian sarcoma virus, cytomegalovi 
rus, a retrovirus, hepatitis-B virus and, most preferably, 
SV40. Other suitable mammalian promoters include heter 
ologous mammalian promoters, e.g., heat-shock promoters 
and the actin promoter. 

[0115] Enhancer Element 

[0116] The expression and cloning vectors each Will typi 
cally contain an enhancer sequence to increase the transcrip 
tion by higher eukaryotes of a DNA sequence encoding a 
desired protein. Enhancers are cis-acting elements of DNA, 
usually from about 10-300 bp in length, that act on the 
promoter to increase its transcription. Enhancers are rela 
tively orientation and position independent. They have been 
found 5‘ and 3‘ to the transcription unit. Yeast enhancers are 
advantageously used With yeast promoters. Several enhancer 
sequences available from mammalian genes are knoWn (e. g., 
globin, elastase, albumin, alpha-feto-protein and insulin). 
Additionally, viral enhancers such as the SV40 enhancer, the 
cytomegalovirus early promoter enhancer, the polyoma 
enhancer and adenovirus enhancers are exemplary enhanc 
ing elements for the activation of eukaryotic promoters. 
While an enhancer may be spliced into a vector at a position 
5‘ or 3‘ to a DNA encoding a desired protein, it is typically 
located at a site 5‘ from the promoter. 

[0117] Transcription Termination 

[0118] Expression vectors used in eukaryotic host cells 
each Will typically contain a sequence necessary for the 
termination of transcription and for stabiliZing the mRNA. 
Such sequences are commonly available from the 5‘ and 
occasionally 3‘ untranslated regions of eukaryotic DNAs or 
cDNAs. These regions contain nucleotide segments tran 
scribed as polyadenylated fragments in the untranslated 
portion of the mRNA encoding a desired protein. 

[0119] Vector Construction 

[0120] The construction of a suitable vector containing 
one or more of the herein-listed components (together With 
the desired coding sequence) may be accomplished by 
standard ligation techniques. Isolated plasmids or DNA 
fragments are cleaved, tailored and religated in the desired 
order to generate the required vector. To con?rm that the 
correct sequence has been constructed, the ligation mixture 
may be used to transform E. coli, .and successful transfor 
mants may be selected by knoWn techniques as described 
herein. Quantities of the vector from the transformants are 
then prepared, analyZed by restriction endonuclease diges 
tion and/or sequenced to con?rm the presence of the desired 
construct. 

[0121] Avector that provides for the transient expression 
of DNA encoding a desired protein in mammalian cells may 
also be used. In general, transient expression involves the 
use of an expression vector that is able to replicate ef?ciently 
in a host cell, such that the host cell accumulates many 
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copies of the expression vector and, in turn, synthesizes high 
levels of the desired protein encoded by the expression 
vector. Each transient expression system, comprising a suit 
able expression vector and a host cell, alloWs for the 
convenient positive identi?cation of proteins encoded by 
cloned DNAs, as Well as for the rapid screening of such 
proteins for desired biological or physiological properties. 

[0122] Host Cells 

[0123] Any of a variety of recombinant host cells, each of 
Which contains a nucleic acid sequence for use in expressing 
a desired protein, is also provided by the present invention. 
Exemplary prokaryotic and eukaryotic host cells include 
bacterial, mammalian, fungal, insect, yeast or plant cells. 

[0124] Prokaryotic host cells include, but are not limited 
to, eubacteria such as Gram-negative or Gram-positive 
organisms (e.g., E. coli (HB101, DHSa, DH10, and 
MC1061); Bacilli spp. such as B. subtilis; Pseudomonas spp. 
such as P aeruginosa; Streptomyces spp.; Salmonella spp. 
such as S. typhimurium; or Serratia spp. such as S. marces 
cans. In a speci?c embodiment, a desired protein may be 
expressed in E. coli. 

[0125] In addition to prokaryotic host cells, TNFbp(s) may 
be expressed in glycosylated form by any one of a number 
of suitable host cells derived from multicellular organisms. 
Such host cells are capable of complex processing and 
glycosylation activities. In principle, any higher eukaryotic 
cell culture might be used, Whether such culture involves 
vertebrate or invertebrate cells, including plant and insect 
cells. Eukaryotic microbes such as ?lamentous fungi or 
yeast may be suitable hosts for the expression of a desired 
protein. Saccharomyces cerevisiae, or common baker’s 
yeast, is the most commonly used among loWer eukaryotic 
host microorganisms, but a number of other genera, species 
and strains are Well knoWn and commonly available. 

[0126] Vertebrate cells may be used, as the propagation of 
vertebrate cells in culture (tissue culture) is a Well-knoWn 
procedure. Examples of useful mammalian host cell lines 
include, but are not limited to, monkey kidney CV1 line 
transformed by SV40 (COS-7), human embryonic kidney 
line (293 cells or 293 cells subcloned for groWth in suspen 
sion culture), baby hamster kidney cells and Chinese ham 
ster ovary cells. Other suitable mammalian cell lines 
include, but are not limited to, HeLa, mouse L-929 cells, 
3T3 lines derived from SWiss, Balb-c or NIH mice, and 
BHK or HaK hamster cell lines. In a speci?c embodiment, 
a desired protein may be expressed in COS cells or in 
baculovirus cells. 

[0127] A host cell may be transfected and preferably 
transformed With a desired nucleic acid under appropriate 
conditions permitting expression of the nucleic acid. The 
selection of suitable host cells and methods for transforma 
tion, culture, ampli?cation, screening and product produc 
tion and puri?cation are Well knoWn in the art (Gething and 
Sambrook (1981), Nature, 293:620-625 or, alternatively, 
Kaufman et al. (1985), Mol. Cell. Biol., 5(7):1750-1759, or 
US. Pat. No. 4,419,446, the disclosures of Which are hereby 
incorporated by reference). For example, for mammalian 
cells Without cell Walls, the calcium phosphate precipitation 
method may be used. Electroporation, micro-injection and 
other knoWn techniques may also be used. 

[0128] It is also possible that a desired protein may be 
produced by homologous recombination or With recombi 
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nant production methods utiliZing control elements intro 
duced into cells already containing DNA encoding a desired 
protein. Homologous recombination is a technique origi 
nally developed for targeting genes to induce or correct 
mutations in transcriptionally-active genes (Kucherlapati 
(1989), Prog. in Nucl. Acid Res. and Mol. Biol., 361301, the 
disclosure of Which is hereby incorporated by reference). 
The basic technique Was developed as a method for intro 
ducing speci?c mutations into speci?c regions of the mam 
malian genome (Thomas et al. (1986), Cell, 44:419-428; 
Thomas and Capecchi (1987), Cell, 51:503-512 and Doet 
schman et al. (1988), Proc. Natl. Acad. Sci., 85:8583-8587, 
the disclosures of Which are hereby incorporated by refer 
ence) or to correct speci?c mutations Within defective genes 
(Doetschman et al. (1987), Nature, 330:576-578, the disclo 
sure of Which is hereby incorporated by reference). Exem 
plary techniques are described in US. Pat. No. 5,272,071; 
WO 92/01069; WO 93/03183; WO 94/12650 and WO 
94/31560, the disclosures of Which are hereby incorporated 
by reference. 

[0129] Culturing the Host Cells 

[0130] The method for culturing each of the one or more 
recombinant host cells for production Will vary depending 
upon many factors and considerations; the optimum produc 
tion procedure for a given situation Will be apparent to those 
skilled in the art through minimal experimentation. Such 
recombinant host cells are cultured in a suitable media and 
the expressed protein is then optionally recovered, isolated 
and puri?ed from the culture media (or from the cell, if 
expressed intracellularly) by appropriate means known to 
those skilled in the art. 

[0131] Speci?cally, each of the recombinant cells used to 
produce a desired protein may be cultured in a culture media 
suitable for inducing promoters, selecting suitable recombi 
nant host cells or amplifying the gene encoding the desired 
protein. The culture media may be supplemented as neces 
sary With hormones and/or other groWth factors (such as 
insulin, transferrin or epidermal groWth factor), salts (such 
as sodium chloride, calcium, magnesium and phosphate), 
buffers (such as HEPES), nucleosides (such as adenosine 
and thymidine), antibiotics (such as gentamicin), trace ele 
ments (de?ned as inorganic compounds usually present at 
?nal concentrations in the micromolar range), and glucose 
or another energy source. Other supplements may also be 
included, at appropriate concentrations, as Will be appreci 
ated by those skilled in the art. Suitable culture conditions, 
such as temperature, pH and the like, are also Well knoWn to 
those skilled in the art for use With the selected host cells. 

[0132] The resulting expression product may then be 
puri?ed to near homogeneity by using procedures knoWn in 
the art. Exemplary puri?cation techniques are taught in EP 
393 438 and EP 422 339, the disclosures of Which are hereby 
incorporated by reference. 

[0133] Pharmaceutical Compositions 
[0134] The present invention encompasses pharmaceuti 
cal preparations each containing therapeutically- or prophy 
lactically-effective amounts of a TNFbp(s) or a chemically 
modi?ed derivative thereof (collectively, “TNFbp 
product(s)”) in admixture With a vehicle. The vehicle pref 
erably includes one or more pharmaceutically and physi 
ologically acceptable formulation materials in admixture 
With the TNFbp product(s). 
































