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ABSTRACT 

Fusion proteins comprise a tumor necrosis factor receptor 
(TNF-R) polypeptide and at least one additional polypeptide 
selected from an interleukin-1 receptor (IL-1R) and a second 
TNF-R polypeptide. One such fusion protein comprises one 
IL-1R and tWo TNF-R polypeptides. The fusion proteins 
have therapeutic use and may be produced via recombinant 
DNA technology. 
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FUSION PROTEINS COMPRISING TUMOR 
NECROSIS FACTOR RECEPTOR 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application is a continuation-in-part of US. 
application Ser. No. 523,635, ?led May 10, 1990, noW 
pending, Which is a continuation-in-part of US. application 
Ser. No. 421,417, ?led Oct. 13, 1989, noW abandoned, 
Which is a continuation-in-part of US. application Ser. No. 
405,370, ?led Sep. 11, 1989, noW abandoned, Which is a 
continuation-in-part of US. application Ser. No. 403,241, 
?led Sep. 5, 1989, noW abandoned, Which prior applications 
are all incorporated by reference in their entirety. 

BACKGROUND OF THE INVENTION 

[0002] A number of cytokines are knoWn to bind to 
speci?c receptor proteins on the surface of target cells. 
Among the speci?c receptor proteins that have been iden 
ti?ed are tumor necrosis factor receptors and interleukin-1 
receptors. Much effort is being directed toWard isolation and 
characteriZation of a number of receptors in order to study 
their physiological roles and to explore possible therapeutic 
uses. The binding of a particular target molecule by a soluble 
receptor administered to a patient may alleviate disorders 
mediated by the target molecule. 

[0003] Tumor necrosis factor-0t (TNFot, also knoWn as 
cachectin) and tumor necrosis factor-[3 (TNFB, also knoWn 
as lymphotoxin) are homologous mammalian endogenous 
secretory proteins capable of inducing a Wide variety of 
effects on a large number of cell types. The great similarities 
in the structural and functional characteristics of these tWo 
cytokines have resulted in their collective description as 
“TNF.” Complementary cDNA clones encoding TNFO. 
(Pennica et al., Nature 312:724, 1984) and TNFB (Gray et 
al., Nature 312:721, 1984) have been isolated, permitting 
further structural and biological characteriZation of TNF. 

[0004] TNF proteins initiate their biological effect on cells 
by binding to speci?c TNF receptor (TNF-R) proteins 
expressed on the plasma membrane of a TNF-responsive 
cell. TNFO. and TNFB Were ?rst shoWn to bind to a common 
receptor on the human cervical carcinoma cell line ME-180 
(AggarWal et al., Nature 318:665, 1985). Hohmann et al. (J. 
Biol. Chem. 264114927, 1989) reported that at least tWo 
different cell surface receptors for TNF exist on different cell 
types, although the relationship betWeen these TNF-Rs is 
unclear. These receptors have an apparent molecular mass of 
about 75-80 kDa and about 55-60 kDa, respectively. In 
addition to cell surface receptors for TNF, soluble proteins 
from human urine capable of binding TNF have also been 
identi?ed (Peetre et al., Eur. J. Haematol. 41:414, 1988; 
Seckinger et al., J. Exp. Med. 167:1511, 1988; Seckinger et 
al.,J. Biol. Chem. 264:11966, 1989; UK Patent Application, 
Publ. No. 2 218 101 Ato Seckinger et al.; Engelmann et al., 
J. Biol. Chem. 264111974, 1989). 

[0005] Interleukin-lot (IL-10.) and interleukin-1B (IL-1B) 
are distantly related polypeptide hormones that play a cen 
tral role in the regulation of immune and in?ammatory 
responses. These tWo proteins act on a variety of cell types 
and have multiple biological activities. The biological 
activities ascribed to IL-lO. and IL-1[3 are mediated via at 
least tWo classes of plasma membrane bound receptors 
Which bind both IL-lO. and IL-1[3. The IL-1 receptors 
expressed on B cells (referred to herein as type II IL-1 
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receptors) are different from IL-1 receptors detected on T 
cells and other cell types (referred to herein as type I IL-1 
receptors). 

SUMMARY OF THE INVENTION 

[0006] The present invention is directed to receptors com 
prising a ?rst tumor necrosis factor receptor (TNF-R) 
polypeptide covalently linked to a second TNF-R polypep 
tide. Alternatively, the receptor comprises one or tWo TNF-R 
polypeptides covalently linked to one or tWo interleukin-1 
receptor (IL-1R) polypeptides. 
[0007] The receptors preferably are produced as fusion 
proteins via recombinant DNA technology. The present 
invention provides fusion proteins comprising, as one of at 
least tWo biologically active polypeptide components, a 
TNF-R polypeptide. One fusion protein of the present inven 
tion comprises tWo TNF-R polypeptides, preferably joined 
via a peptide linker. 

[0008] In another embodiment of the invention, the fusion 
protein comprises TNF-R and IL-1R. The fusion protein 
preferably comprises tWo TNF-R polypeptides and either 
one or tWo IL-1R polypeptides. 

[0009] The present invention also provides isolated DNA 
sequences encoding the fusion proteins, recombinant 
expression vectors comprising such DNA sequences, host 
cells containing the expression vectors, and processes for 
producing the recombinant fusion proteins by culturing the 
host cells. Pharmaceutical compositions comprising a puri 
?ed fusion protein as described above and a suitable diluent, 
carrier, or excipient are also provided by the present inven 
tion. Such compositions are useful in therapy, diagnosis, and 
assays for conditions mediated by tumor necrosis factor or 
interleukin-1. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] FIG. 1 presents a restriction map for a type I 
human IL-1R cDNA clone. The sites at Which certain 
restriction enZymes cleave the cDNA are shoWn. 

[0011] FIGS. 2A-2B depict the partial cDNA sequence 
and derived amino acid sequence of a human TNF-R clone. 
Nucleotides are numbered from the beginning of the 5‘ 
untranslated region. Amino acids are numbered from the 
beginning of the signal peptide sequence. The apparent 
signal peptide sequence is represented by the amino acids 
—22 to —1. The N-terminal leucine of the mature TNF-R 
protein is underlined at position 1. The apparent transmem 
brane region from amino acids 236 to 265 is also underlined. 
The C-termini of various soluble TNF-Rs are marked With 

an arroW Cleavage sites for certain restriction endonu 
cleases employed in constructing expression vectors are 
indicated. 

[0012] FIG. 3 depicts a plasmid vector comprising a DNA 
fragment encoding a fusion protein of the formula TNF-R 
linker-TNF-R, constructed as described in example 11. 

[0013] FIG. 4 depicts a plasmid vector comprising a DNA 
fragment encoding a fusion protein of the formula IL-1R 
linker-TNF-R-linker-TNF-R, constructed as described in 
example 12. 

[0014] FIG. 5 depicts three plasmid vectors that are inter 
mediates in the construction of certain vectors of the present 
invention, as described in example 12. 
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DETAILED DESCRIPTION OF THE 
INVENTION 

[0015] The present invention is directed to receptors com 
prising a ?rst TNF-R polypeptide covalently linked to a 
second TNF-R polypeptide. Alternatively, the receptor com 
prises one or tWo TNF-R polypeptides covalently linked to 
one or tWo IL-lR polypeptides. The TNF-R and (When 
present) IL-lR polypeptide components may be attached to 
one another using any suitable technique for attaching one 
polypeptide to another. Cross-linking reagents and peptide 
linkers are among the linkage methods that may be 
employed. The TNF-R and IL-lR polypeptides are derived 
from mammalian species, preferably human. 

[0016] The receptors preferably are produced as fusion 
proteins via recombinant DNA technology. The present 
invention provides fusion proteins comprising, as one com 
ponent, a mammalian tumor necrosis factor receptor (TNF 
R). One fusion protein of the present invention comprises 
tWo TNF-R polypeptides and may be represented by the 
folloWing formula: 

TNF-R-linker-TNF-R 

[0017] 
[0018] In another embodiment of the invention, the fusion 
protein comprises TNF-R and a mammalian interleukin-1 
receptor (IL-1R). In this embodiment of the invention, the 
fusion protein may comprise one TNF-R polypeptide and 
one IL-lR polypeptide. Preferably, tWo TNF-R polypeptides 
and one IL-lR polypeptide are joined to form the fusion 
protein. The tWo TNF-R polypeptides preferably are adja 
cent to one another (as opposed to IL-lR being positioned 
betWeen the tWo TNF-Rs) to enhance binding of TNF. 
Examples of such fusion proteins are represented by the 
folloWing formulas: 

Wherein the linker is a peptide linker. 

TNF-R-linker-IL-lR 

IL-lR-linker-TNF-R 

TNF-R-linker-TNF-R-linker-IL-lR and 

IL-1R-linker-TNF-R-linker-TNF-R 

[0019] Wherein each linker is a peptide linker. The N-ter 
minus of each fusion protein is on the left side of each 
formula. 

[0020] Each TNF-R polypeptide component of the fusion 
proteins is independently capable of binding tumor necrosis 
factor (TNF). LikeWise, each IL-lR polypeptide employed 
in the fusion proteins is independently capable of binding 
interleukin-1 (IL-1). Including tWo adjacent TNF-R 
polypeptides in the fusion protein is advantageous in that the 
TNF binding affinity is increased compared to the binding of 
TNF by a single TNF-R polypeptide. 

[0021] Peptide linkers that may be employed in the present 
invention separate TNF-R polypeptides (and IL-lR 
polypeptides, When present) from one another by a distance 
sufficient to ensure that each polypeptide properly folds into 
the secondary and tertiary structures necessary for the 
desired biological activity. The linker also should alloW the 
extracellular domains of the TNF-R and IL-lR polypeptides 
to assume the proper spatial orientation to form a binding 
site for TNF or IL-1. The peptide linkers function as spacers, 
as opposed to the pharmaceutically active TNF-R and IL-lR 
polypeptide components of the fusion proteins. Suitable 
polypeptide linkers preferably (1) Will adopt a ?exible 
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extended conformation, (2) Will not exhibit a propensity for 
developing an ordered secondary structure Which could 
interact With the functional protein domains, and (3) Will 
have minimal hydrophobic or charged character Which could 
promote interaction With the functional protein domains. 
Typical surface amino acids in ?exible protein regions 
include glycine (Gly), asparagine (Asn) and serine (Ser). 
Virtually any permutation of amino acid sequences contain 
ing Gly, Asn and Ser Would be expected to satisfy the above 
criteria for a peptide linker sequence. Other near neutral 
amino acids, such as threonine (Thr) and alanine (Ala), may 
also be used in the linker sequence. Suitable peptide linkers 
generally comprise a chain of amino acids, preferably from 
5 to 100 amino acids in length and most preferably from 10 
to 20 amino acids in length. Examples of such linkers 
include, but are not limited to, (Gly4Ser)n, Wherein n is 1-12, 
Gly4SerGly5Ser, and (Gly4SerGly5Ser)2. 

[0022] TNF-R and IL-lR Polypeptides 

[0023] As used herein, the terms “interleukin-1 receptor” 
and “IL-1R” refer to proteins Which are capable of binding 
interleukin-1 (IL-1) molecules and, in their native con?gu 
ration as human plasma membrane proteins, play a role in 
transducing the signal provided by IL-1 to a cell. As used 
herein, the terms “TNF receptor” and “TNF-R” refer to 
proteins that are biologically active in that they are capable 
of binding tumor necrosis factor (TNF). Native membrane 
bound forms of the proteins also transduce a biological 
signal initiated by a TNF molecule binding to a cell. For 
fusion proteins comprising more than one TNF-R polypep 
tide, the TNF-R polypeptides may be identical or different. 
LikeWise for IL-lR polypeptides. 

[0024] Intact receptors generally include an extracellular 
domain Which binds to a ligand, a hydrophobic transmem 
brane domain Which remains embedded Within the plasma 
membrane lipid bilayer, and a cytoplasmic or intracellular 
domain Which is believed to deliver a biological signal to 
effector cells via a cascade of chemical reactions Within the 
cytoplasm of the cell. The hydrophobic transmembrane 
domain and a highly charged region of the cytoplasmic 
domain immediately doWnstream of the transmembrane 
domain cooperatively function to halt transport of the IL-1 
and TNF receptors across the plasma membrane. The extra 
cellular domain of the TNF-R and IL-lR proteins disclosed 
herein is the N-terminal portion of the protein, from amino 
acid 1 to the amino acid immediately preceding the trans 
membrane region. The cytoplasmic domain is that portion of 
the protein that is located doWnstream of the transmembrane 
region. 

[0025] Among the TNF-R polypeptides that may be 
employed as components of the inventive fusion proteins is 
a polypeptide comprising amino acids 1 to 439 of the 
sequence presented in FIGS. 2A-2B, Which is a full length 
native TNF-R sequence. This TNF-R DNA and amino acid 
sequence is also presented in SEQ ID NOS: 1 and 2. When 
the signal sequence is desired, the TNF-R polypeptide may 
comprise amino acids —22 to 439 of the FIGS. 2A-2B 
sequence. The desirability of including the signal sequence 
depends on such factors as the position of the TNF-R 
polypeptide in the fusion protein and Whether the intended 
host cells Will process a mammalian signal sequence, as 
discussed beloW. The mature full-length native glycosylated 
form of this human TNF-R is a glycoprotein having a 
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molecular Weight of about 80 kilodaltons (kDa). As used 
throughout the speci?cation, the term “mature” means a 
protein lacking a leader or signal sequence as may be present 
in full-length transcripts of a native gene. A protein may 
comprise a signal sequence When initially expressed. Cleav 
age of the signal sequence upon secretion of the protein from 
the cell yields the mature form of the protein. 

[0026] Other suitable TNF-R polypeptides are described 
in European patent application publication number 422,339 
(EP 422,339 hereinafter), Which is hereby incorporated by 
reference in its entirety. TWo suitable TNF-R polypeptides 
comprise arginine (Arg) as residue 174 but are otherWise 
identical to the above-described polypeptides comprising 
amino acids 1 to 439 or —22 to 439, respectively, of FIGS. 
2A-2B of the present application. A TNF-R amino acid 
sequence identical to that of FIGS. 2A-2B (of the present 
application) except for substitution of arginine (Arg) for 
methionine (Met) at position 174 of the mature sequence is 
disclosed in EP 422,339 (see FIG. 39 therein). 

[0027] The cDNA and encoded amino acid sequences of 
another useful TNF-R polypeptide are disclosed in FIG. 21 
of EP 422,339. The coding region of the EP 422,339 FIG. 
21 cDNA sequence, and the amino acid sequence encoded 
thereby, are presented as SEQ ID NOS: 3 and 4 of the 
present application. Although referred to as a 30 kilodalton 
protein in EP 422,339, other molecular Weights have been 
reported for this protein. A molecular Weight of about 55 
kilodaltons Was reported by Loetscher et al. (Cell 61:351, 
1990) and in EP 417,563, for example. Useful TNF-R 
polypeptides include those comprising amino acids 1 to 415 
of the SEQ ID NO: 4 sequence, or, When the signal sequence 
is desired, amino acids —40 to 415 of the SEQ ID NO: 4 
sequence. Methods for producing this TNF-R protein, either 
by puri?cation from urine or from the medium of a culture 
of U937 cells, or by recombinant DNA technology, are 
described in EP 422,339. This TNF-R is characteriZed by an 
N-terminal sequence (for the mature form of the protein) of 
Asp-Ser-Val-Cys-Pro-Gln-, Whereas the N-terminal 
sequence of the mature form of the TNF-R protein of FIGS. 
2A-2C is Leu-Pro-Ala-Gln-Val-Ala-. 

[0028] In certain embodiments of the present invention, 
the TNF-R polypeptide is a soluble TNF-R polypeptide. 
Soluble TNF-R polypeptides lack at least part (preferably 
all) of the transmembrane region that promotes retention of 
the protein on the cell surface. The soluble polypeptides 
generally also lack the charged region of the cytoplasmic 
domain (located immediately doWnstream of the transmem 
brane region) that contributes to retention on the cell surface. 
Preferably, the entire transmembrane region and cytoplas 
mic domain are deleted from the protein or substituted With 
hydrophilic amino acids to form soluble TNF-R. Soluble 
TNF-R is secreted from the cell and retains the desired 
biological activity. 

[0029] Examples of soluble TNF-R polypeptides are those 
comprising amino acids 1-x of the FIG. 2A sequence, 
Wherein X is the C-terminal amino acid and is selected from 
the group consisting of any one of amino acids 163-235 of 
FIG. 2A. Speci?c examples include polypeptides compris 
ing the acids 1-163, 1-185, or 1-235 of FIG. 2A. The soluble 
TNF-R polypeptide may additionally comprise a signal 
sequence, e.g., amino acids —22 to —1 of FIG. 2A. 
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[0030] Additional examples of soluble TNF-R polypep 
tides are those comprising amino acids 1-184 or 1-182, 
—22-184, or —22-182 of the FIGS. 2A-2B sequence. Such 
proteins may contain either methionine or arginine at posi 
tion 174. Procedures for preparing examples of such TNF-R 
polypeptides include those described in examples 17 and 22 
of EP 422,339. 

[0031] The TNF-R protein shoWn in SEQ ID NO:4 com 
prises a signal peptide (designated amino acids —40 to —1) 
and a transmembrane region beginning With the valine 
residue at position 172. Preferred soluble forms of this 
TNF-R protein include those comprising amino acids —40-W 
or 1-W of SEQ ID NO:4, Wherein W is an integer from 
161-171 (i.e., any of amino acids 161 to 171 of SEQ ID 
NO:4 is the C-terminus). The use of oligonucleotide-di 
rected in vitro mutagenesis to construct an expression vector 
encoding a biologically active TNF-R protein having amino 
acid 161 (asparagine) as the C-terminal amino acid is 
illustrated in example 7 of EP 422,339. Further, procedures 
for purifying naturally occurring soluble forms of both of the 
above-described TNF-R proteins (i.e., soluble forms of the 
SEQ ID NO:2 and the SEQ ID NO:4 proteins) from human 
urine have been described by Engelmann et al. (J. Biol. 
Chem. 265:1531, 1990). 
[0032] Interleukin-1 receptors that may be employed as 
components of the inventive fusion proteins include 
polypeptides designated herein as type I IL-1R and type II 
IL-1R. Type I IL-1 receptors have been detected on T-cells 
and certain other cell types, While expression of type II IL-1 
receptors on B cells has been reported. In the absence of any 
speci?c designation, the term “IL-1 receptor” as used herein 
refers collectively to type I and type II IL-1 receptors. 

[0033] Among the IL-1R polypeptides that may be 
employed in the present invention are the type I IL-1R 
polypeptides described in US. patent application Ser. No. 
07/821,716, ?led Jan. 14, 1992; and Ser. No. 455,488, ?led 
Dec. 21, 1989; and in European patent application publica 
tion no. 318,296; the disclosures of Which are incorporated 
herein by reference, in their entireties. The DNA sequence of 
a cloned cDNA encoding a human type I IL-1R protein and 
the amino acid sequence encoded thereby are presented 
herein in SEQ ID NOS: 5 and 6. The protein contains 569 
amino acids, of Which 20 are an N-terminal signal peptide. 
The aspartic acid (Asp) residue at position 1 is the ?rst 
amino acid of the mature protein. The transmembrane region 
includes amino acids 317 (His) through 336 (Tyr). The 
sequence of human IL-1R is also disclosed in Sims et al., 
Proc Nat’l. Acad. Sci. USA 86:8946 (1989). 

[0034] As With the TNF-R polypeptides, soluble IL-1R 
polypeptides may be employed in the fusion proteins of the 
present invention. Soluble IL-1R polypeptides generally 
lack the transmembrane region and preferably lack the 
cytoplasmic domain as Well. Soluble IL-1R proteins may 
also include part of the transmembrane region or the cyto 
plasmic domain, provided that the soluble IL-1R protein is 
capable of being secreted from the cell. 

[0035] Examples of soluble type I IL-1R polypeptides 
include, but are not limited to, those comprising the amino 
acid sequence depicted as amino acids y-x of SEQ ID NO: 
6, Wherein x is 312-316 and y is —3 to 3. In other Words, the 
N-terminal amino acid is selected from the Leu, Glu, Ala, 
Asp, Lys, and Cys residues at positions —3, —2, —1, 1, 2, and 
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3, respectively. The C-terminal amino acid of the soluble 
protein is selected from the Thr, Asn, Phe, Gln, and Lys 
residues at positions 312, 313, 314, 315, and 316, respec 
tively. Preferred soluble IL-1R polypeptides include those 
comprising amino acids 1-X of SEQ ID NO: 6, Wherein X is 
312-316. 

[0036] Any of the above-described soluble type I IL-1R 
polypeptides may additionally comprise a signal sequence, 
e.g., the signal sequence shoWn as amino acids —20 to —1 in 
SEQ ID NO: 6. Alternatively, a different signal sequence 
functional in an intended host cell (e.g., a yeast signal 
sequence) may be employed, as discussed beloW. 

[0037] Among the type II IL-1R polypeptides that may be 
employed in the present invention are those described in 
US. patent application Ser. No. 701,415, ?led Jun. 16, 1991; 
and in European patent application publication no. 460,846; 
the disclosures of Which are incorporated herein by refer 
ence, in their entireties. Native glycosylated human type II 
IL-1R proteins recovered from cell lysates generally have an 
apparent molecular Weight of about 60-68 kilodaltons by 
SDS-PAGE. The DNA sequence of a cloned cDNA encod 
ing a human type II IL-1R protein and the amino acid 
sequence encoded thereby are presented herein in SEQ ID 
NOS: 7 and 8. The protein comprises a 13-amino acid signal 
peptide. The transmembrane region includes amino acids 
331 (Ala) through 356 (Met). 
[0038] Soluble type II IL-1R proteins are derived by 
deleting a C-terminal portion of the protein that is not 
necessary for IL-1 binding, so that the protein is secreted 
from the cell. The cysteine residue at position 313 is 
believed to be necessary to maintain the tertiary structure of 
the type II IL-1R molecule and permit binding of IL-1. 
EXamples of soluble type II IL-1R polypeptides thus include 
those in Which the C-terminal amino acid is selected from 
any of amino acids 314-333. In other Words, the soluble 
IL-1R may contain the amino acid sequence shoWn as amino 
acids 1-X of SEQ ID NO: 8 Wherein X is an integer from 
314-333. Preferred eXamples of suitable soluble type II 
IL-1R polypeptides include, but are not limited to, those 
comprising amino acids 1-X of SEQ ID NO: 8, Wherein X is 
330-333. In other Words, the C-terminal amino acid of the 
soluble protein is selected from the Glu, Ala, Ser, and Ser 
residues at positions 330, 331, 332, and 333, respectively. 
The soluble type II IL-1R polypeptides may additionally 
comprise a signal sequence, e.g., the signal sequence shoWn 
as amino acids —13 to —1 in SEQ ID NO: 8. Alternatively, 
a different signal sequence functional in an intended host cell 
(e.g., a yeast signal sequence) may be employed, as dis 
cussed beloW. 

[0039] Assay procedures described herein may be 
employed to con?rm biological activity for additional 
soluble TNF-R and IL-1R polypeptides, beyond the particu 
lar eXamples set forth above. Soluble TNF-R and soluble 
IL-1R may be identi?ed (and distinguished from their non 
soluble membrane-bound counterparts) by separating intact 
cells Which eXpress the desired protein from the culture 
medium, e.g., by centrifugation, and assaying the medium 
(supernatant) for the presence of the desired protein. The 
culture medium may be assayed using procedures Which are 
similar or identical to those described in the eXamples beloW. 
The presence of TNF-R and IL-1R in the medium indicates 
that the protein Was secreted from the cells and thus is a 
soluble form of the desired protein. 
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[0040] The N- or C-terminus of the TNF-R or IL-1R 
polypeptides may vary according to such factors as the type 
of host cells employed When producing the fusion protein 
via recombinant DNA technology and the particular cells 
from Which the protein is puri?ed When non-recombinant 
TNF-R or IL-1R is employed. Such variations may be 
attributable to differential post-translational processing of 
the protein in various types of cells, for eXample. Variations 
in the N- or C-terminal sequence also may result from the 
oligonucleotides chosen to reconstruct either terminus of the 
TNF-R or IL-1R encoding DNA sequence When construct 
ing eXpression vectors. 

[0041] Differential processing may result in mature 
TNF-R or IL-1R proteins having an N-terminal amino acid 
other than those shoWn at position 1 of SEQ ID NOS: 2, 4, 
6 and 8. For eXample, in certain host cells, post-translational 
processing Will remove the methionine residue encoded by 
an initiation codon, Whereas the methionine residue Will 
remain at the N-terminus of proteins produced in other host 
cells. Further, the N- and C-termini have been knoWn to vary 
for the same protein, depending on the source of the protein. 
In some cases, the deletion of amino acids at either terminus 
of the protein may be due to proteolysis, occurring either 
intracellularly or during puri?cation. Varying N-termini may 
also result from cleavage of the signal peptide in certain host 
cells at a point other than betWeen amino acids —1 and 1 of 
the disclosed sequences. 

[0042] As described in eXamples 10 and 11 and FIG. 31 
of EP 422,339, a non-recombinant mature TNF-R protein 
puri?ed from human urine lacked tWo N-terminal amino 
acids found in a non-recombinant TNF-R protein puri?ed 
from the human monocyte-like cell line U937. The N-ter 
minal amino acid of the urine-derived TNF-R Was the 
alanine residue at position 3 of SEQ ID NO:1. Engelmann 
et al. (J. Biol. Chem. 265:1531, 1990) disclose a protein that 
binds TNF and Was puri?ed from human urine in forms 
truncated to varying degrees at the N-terminus (see the 
abstract and page 1533). The N-terminal amino acid 
sequence of one protein species Was Val-Ala-Phe-Thr-Pro-, 
Which corresponds to amino acids 5-9 of SEQ ID NO: 1. 
Other forms of the protein had either phenylalanine (amino 
acid 7 of SEQ ID NO:1) or threonine (amino acid 8 of SEQ 
ID NO:1) as the N-terminal amino acid. 

[0043] The N- and C-termini of the TNF-R and IL-1R 
proteins may vary for reasons that include those discussed 
above. The N-terminal amino acid may, for eXample, be any 
of the amino acids at positions 1 to 5 of SEQ ID NOS: 2 or 
4 for TNF-R or of SEQ ID NOS: 6 or 8 for IL-1R. The 
C-terminus may be truncated deliberately during eXpression 
vector construction (e.g., in constructing vectors encoding 
soluble proteins as described above) or as a result of 
differential processing Which may remove up to about ?ve 
C-terminal amino acids, for eXample. 

[0044] Additional TNF-R and IL-1R polypeptides that 
may be employed retain the desired biological activity but 
vary from the native sequences in that amino acid(s) are 
added to, deleted from, or substituted in the native sequence. 
The biological activity of such proteins can be con?rmed 
using the assays described herein. 

[0045] Derivatives of TNF-R and IL-1R that are Within the 
scope of the invention also include various structural forms 
of the primary protein Which retain biological activity. Due 



US 2003/0082736 A1 

to the presence of ioniZable amino and carboxyl groups, for 
example, a TNF-R or IL-1R protein may be in the form of 
acidic or basic salts, or may be in neutral form. Individual 
amino acid residues may also be modi?ed by oxidation or 
reduction. 

[0046] The primary amino acid structure may be modi?ed 
by forming covalent or aggregative conjugates With other 
chemical moieties, such as glycosyl groups, lipids, phos 
phate, acetyl groups and the like. Covalent derivatives are 
prepared by linking particular functional groups to amino 
acid side chains or at the N- or C-termini. Naturally occur 
ring variants may result from alternative RNA splicing 
events. 

[0047] Other proteins that may be employed in the inven 
tive fusion proteins include conjugates of TNF-R or IL-1R 
With other polypeptides, Which may be produced by syn 
thesis in recombinant culture as N-terminal or C-terminal 
fusions. For example, the conjugated peptide may be a a 
signal (or leader) peptide sequence at the N-terminal region 
of the protein Which co-translationally or post-translation 
ally directs transfer of the protein from its site of synthesis 
to its site of function inside or outside of the cell membrane 
or Wall (e.g., the yeast ot-factor leader). The fusion proteins 
can comprise peptides added to facilitate puri?cation or 
identi?cation of the fusion protein. Such peptides include, 
for example, poly-His or the antigenic identi?cation pep 
tides described in US. Pat. No. 5,011,912 and in Hopp et al., 
Bio/Technology 6:1204, 1988. One such peptide is the 
FLAG® peptide, Asp-Tyr-Lys-Asp-Asp-Asp-Asp-Lys 
(DYKDDDDK), Which is highly antigenic and provides an 
epitope reversibly bound by a speci?c monoclonal antibody 
enabling rapid assay and facile puri?cation of expressed 
recombinant protein. This sequence is also speci?cally 
cleaved by bovine mucosal enterokinase at the residue 
immediately folloWing the Asp-Lys pairing. Fusion proteins 
capped With this peptide may also be resistant to intracel 
lular degradation in E. coli. Amurine hybridoma designated 
4E11 produces a monoclonal antibody that binds the peptide 
DYKDDDDK in the presence of certain divalent metal 
cations (as described in US. Pat. No. 5,011,912) and has 
been deposited With the American Type Culture Collection 
under accession no HB 9259. 

[0048] The inventive fusion proteins comprise TNF-R or 
IL-1R With or Without associated native-pattern glycosyla 
tion. TNF-R and IL-1R expressed in yeast or mammalian 
expression systems, e.g., COS-7 cells, may be similar or 
slightly different in molecular Weight and glycosylation 
pattern than the native molecules, depending upon the 
expression system. Expression of recombinant proteins in 
bacteria such as E. coli provides non-glycosylated proteins. 
Proteins having inactivated N-glycosylation sites can be 
produced by oligonucleotide synthesis and ligation or by 
site-speci?c mutagenesis techniques. These mutant proteins 
can be produced in a homogeneous, reduced-carbohydrate 
form in good yield using yeast expression systems. N-gly 
cosylation sites in eukaryotic proteins are characteriZed by 
the amino acid triplet Asn-Al-Z, Where A1 is any amino acid 
except Pro, and Z is Ser or Thr. In this sequence, asparagine 
provides a side chain amino group for covalent attachment 
of carbohydrate. Such a site can be eliminated by substitut 
ing another amino acid for Asn or for residue Z, deleting Asn 
or Z, or inserting a non-Z amino acid betWeen A1 and Z, or 
an amino acid other than Asn betWeen Asn and A1. KnoWn 
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procedures for inactivating N-glycosylation sites in proteins 
include those described in US. Pat. No. 5,071,972 and EP 
276,846. Examples of N-glycosylation sites in human type 
II IL-1R are amino acids 53-55, 59-61, 99-101, 206-208, and 
264-266 in SEQ ID NO: 8. Potential N-glycosylation sites 
are found in the type I IL-1R protein (SEQ ID NO: 6) at 
amino acids 80-82, 173-175, 213-215, 229-231, 243-245, 
and 277-279. N-glycosylation sites are found at amino acid 
171-173 and 358-360 of TNF-R in FIGS. 2A-2B. 

[0049] Cysteine residues that are not essential for biologi 
cal activity can be deleted or replaced With other amino acids 
to prevent formation of unnecessary or incorrect intramo 
lecular disul?de bridges upon renaturation. The cysteine 
residue at position 178 in the FIGS. 2A-2B TNF-R sequence 
can be deleted, for example. US. Pat. No. 4,518,584 
describes the use of site directed mutagenesis to delete or 
replace cysteine residues Within a protein. Other approaches 
to mutagenesis involve modi?cation of adjacent dibasic 
amino acid residues to enhance expression in yeast systems 
in Which KEX2 protease activity is present. EP 212,914 
discloses the use of site-speci?c mutagenesis to inactivate 
KEX2 protease processing sites in a protein. 

[0050] In order to preserve the biological activity of 
TNF-R and IL-1R, substitutions Will preferably result in 
homologous or conservatively substituted sequences, mean 
ing that a given amino acid residue is replaced by a residue 
having similar physiochemical characteristics. Examples of 
conservative substitutions include substitution of one ali 
phatic residue for another, such as He, Val, Leu, or Ala for 
one another, or substitutions of one polar residue for another, 
such as betWeen Lys and Arg; Glu and Asp; or Gln and Asn. 
Other such conservative substitutions, for example, substi 
tutions of entire regions having similar hydrophobicity char 
acteristics, are Well knoWn. Moreover, particular amino acid 
differences betWeen human, murine and other mammalian 
TNF-Rs is suggestive of additional conservative substitu 
tions that may be made Without altering the essential bio 
logical characteristics of TNF-R or IL-1R. 

[0051] Alterations of the native amino acid sequence may 
be accomplished by any of a number of knoWn techniques. 
Mutations can be introduced at particular loci by synthesiZ 
ing oligonucleotides containing a mutant sequence, ?anked 
by restriction sites enabling ligation to fragments of the 
native sequence. FolloWing ligation, the resulting recon 
structed sequence encodes an analog having the desired 
amino acid insertion, substitution, or deletion. 

[0052] Alternatively, oligonucleotide-directed site-spe 
ci?c mutagenesis procedures can be employed to provide an 
altered gene having particular codons altered according to 
the substitution, deletion, or insertion required. Exemplary 
methods of making the alterations set forth above are 
disclosed by Walder et al. (Gene 42:133, 1986); Bauer et al. 
(Gene 37:73, 1985); Craik (BioTechniques, Jan. 12-19, 
1985); Smith et al. (Genetic Engineering: Principles and 
Methods, Plenum Press, 1981); and US. Pat. Nos. 4,518,584 
and 4,737,462 disclose suitable techniques, and are incor 
porated by reference herein. 

[0053] The variant amino acid sequence preferably is at 
least 80% identical, most preferably at least 90% identical, 
to the native sequence. Percent similarity may be deter 
mined, for example, by comparing sequence information 
using the GAP computer program, version 6.0, available 
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from the University of Wisconsin Genetics Computer Group 
(UWGCG). The GAP program utilizes the alignment 
method of Needleman and Wunsch (J. Mol. Biol. 48:443, 
1970), as revised by Smith and Waterman (Adv. Appl. Math. 
2:482, 1981). Brie?y, the GAP program de?nes similarity as 
the number of aligned symbols (i.e., nucleotides or amino 
acids) Which are similar, divided by the total number of 
symbols in the shorter of the tWo sequences. The preferred 
default parameters for the GAP program include: (1) a unary 
comparison matrix (containing a value of 1 for identities and 
0 for non-identities) for nucleotides, and the Weighted com 
parison matrix of Gribskov and Burgess, Nucl. Acids Res. 
14:6745, 1986, as described by SchWartZ and Dayhoff, eds., 
Atlas of Protein Sequence and Structure, National Biomedi 
cal Research Foundation, pp. 353-358, 1979; (2) a penalty of 
3.0 for each gap and an additional 0.10 penalty for each 
symbol in each gap; and (3) no penalty for end gaps. 

[0054] Other proteins capable of blocking the binding of 
IL-1 to cellular receptors in vivo may be substituted for the 
IL-1R polypeptides described above in the fusion proteins of 
the present invention. Such proteins, generally referred to as 
IL-1 receptor antagonists, include those described by Eisen 
berg et al. (Nature 343:341, 1990), Hannum et al. (Nature 
343:336, 1990), and Carter et al. (Nature 344:633, 1990), 
Which are hereby incorporated by reference in their entire 
ties. These antagonist proteins bind to IL-1 receptors, but 
have no IL-1-like activity (e.g., do not transduce a signal or 
otherWise produce the biological effects that result from 
binding of IL-1 to a cellular IL-1 receptor). The antagonist 
proteins compete With IL-1 for binding to endogenous IL-1 
receptors, thus inhibiting biological effects mediated by IL-1 
in vivo. 

[0055] DNA Sequences Encoding Recombinant Fusion 
Proteins 

[0056] Isolated DNA sequences encoding the above-de 
scribed fusion proteins are also provided by the present 
invention. ADNA sequence encoding a fusion protein of the 
present invention is constructed using recombinant DNA 
techniques to insert DNA fragments encoding the IL-1R or 
TNF-R polypeptides into an appropriate expression vector. 
The 3‘ end of a DNA fragment encoding TNF-R is ligated 
(via a peptide linker) to the 5‘ end of the DNA fragment 
encoding IL-1R With the reading frames of the sequences in 
phase to permit translation of the mRNA into a single 
biologically active fusion protein. Alternatively, the 3‘ end of 
a DNA fragment encoding IL-1R may be ligated (via a 
peptide linker) to the 5‘ end of the DNA fragment encoding 
TNF-R, With the reading frames of the sequences in phase 
to permit translation of the mRNA into a single biologically 
active fusion protein. An additional sequence encoding 
TNF-R may be ligated in the same reading frame to produce 
a sequence encoding a fusion protein comprising tWo TNF-R 
polypeptides and one IL-1R polypeptide. The IL-1R-encod 
ing sequence is preferably positioned upstream of the TNF 
R-encoding sequence(s). While the fusion protein may com 
prise tWo IL-1R polypeptides along With the TNF-R 
polypeptide(s), one IL-1R is preferred. A single IL-1R 
provides the desired high affinity IL-1 binding activity 
Without the possible disadvantages of increasing the siZe of 
the fusion protein by adding a second IL-1R. Such disad 
vantages may include increased complexity of vector con 
struction procedures and possible reduction in the level of 
expression of the desired protein. In another embodiment of 
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the present invention, a DNA sequence encoding TNF-R is 
ligated to a linker sequence Which in turn is ligated to a 
second TNF-R encoding sequence. 

[0057] A DNA sequence encoding an N-terminal signal 
sequence may be retained on the DNA sequence encoding 
the N-terminal polypeptide, While stop codons, Which Would 
prevent read-through to the doWnstream DNA sequence(s), 
are eliminated. Conversely, a stop codon required to end 
translation is generally retained on the DNA sequence 
encoding the C-terminal polypeptide. DNA encoding a 
signal sequence is preferably removed from DNA sequences 
other than those encoding the N-terminal polypeptide. 

[0058] ADNA sequence encoding a desired peptide linker 
may be inserted betWeen, and in the same reading frame as, 
the DNA sequences encoding TNF-R or IL-1R using any 
suitable conventional technique. For example, a chemically 
synthesiZed oligonucleotide encoding the linker and con 
taining appropriate restriction endonuclease cleavage sites 
may be ligated betWeen the sequences encoding TNF-R or 
IL-1R. Alternatively, a chemically synthesiZed DNA 
sequence may contain a sequence complementary to the 3‘ 
terminus (Without the stop codon) of either TNF-R or IL-1R 
folloWed by a linker-encoding sequence Which is folloWed 
by a sequence complementary to the 5‘ terminus of the other 
of TNF-R and IL-1R. Oligonucleotide directed mutagenesis 
is then employed to insert the linker-encoding sequence into 
a vector containing a direct fusion of TNF-R and IL-1R. 
Another technique employs polymerase chain reactions 
using primers comprising, in part, single strand segments 
encoding a peptide linker. PCR-generated DNA fragments 
encoding tWo different proteins can be joined through 
annealing of the complementary single stranded linker 
encoding segments present at a terminus of each fragment. 
Preferred procedures for inserting a linker-encoding DNA 
segment betWeen TNF-R and IL-1R DNA sequences (or 
betWeen tWo TNF-R DNA sequences) are described in 
examples 11 and 12 beloW. 

[0059] DNA sequences encoding TNF-R and IL-1R may 
be isolated by any suitable conventional procedure, for use 
in constructing the fusion protein-encoding DNA sequences 
of the present invention. DNA sequences encoding fusion 
proteins to be expressed in a microorganism Will preferably 
contain no introns that could prematurely terminate tran 
scription of DNA into mRNA; hoWever, premature termi 
nation of transcription may be desirable, for example, Where 
it Would result in mutants having advantageous C-terminal 
truncations, for example, deletion of a transmembrane 
region to yield a soluble receptor not bound to the cell 
membrane. Among the suitable procedures for cloning type 
I and type II IL-1R cDNA are those presented in examples 
8 and 9, respectively. TNF-R cDNA may be isolated by 
procedures that include those described in example 3. 

[0060] The coding sequence of TNF-R may be obtained 
by isolating a sequence encoding TNF-R from a recombi 
nant cDNA or genomic DNA library. A cDNA library is 
preferably constructed by obtaining polyadenylated mRNA 
from a particular cell line Which expresses a mammalian 
TNF-R, for example, the human ?broblast cell line WI-26 
VA4 (ATCC CCL 95.1) and using the mRNA as a template 
for synthesiZing double stranded cDNA. The double 
stranded cDNA is then packaged into a recombinant vector, 
Which is introduced into a host cell (e.g., an appropriate E. 
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coli strain) and propagated. TNF-R sequences contained in 
the cDNA library can be identi?ed by screening the library 
With an appropriate nucleic acid probe Which is capable of 
hybridizing With human TNF-R cDNA. Another cloning 
technique that may be employed is the direct expression 
procedure described in example 3 beloW. Alternatively, 
DNAs encoding TNF-R proteins can be assembled by liga 
tion of synthetic oligonucleotide subunits corresponding to 
all or part of the sequence of FIGS. 2A-2B to provide a 
complete coding sequence. 

[0061] Additional cDNA clones can be isolated from 
cDNA libraries of other mammalian species by cross-species 
hybridiZation. For use in hybridiZation, DNA encoding 
TNF-R or IL-lR may be covalently labeled With a detectable 
substance such as a ?uorescent group, a radioactive atom or 
a chemiluminescent group by methods Well knoWn to those 
skilled in the pertinent art. 

[0062] Like most mammalian genes, mammalian TNF 
receptors and IL-1 receptors are presumably encoded by 
multi-exon genes. Alternative mRNA constructs Which can 
be attributed to different mRNA splicing events folloWing 
transcription, and Which share large regions of identity or 
similarity With the cDNAs disclosed herein such that bio 
logically active TNF-R or IL-lR is encoded thereby, are 
considered to be useful in preparing the fusion proteins of 
the present invention. 

[0063] DNA encoding soluble TNF-R and IL-lR polypep 
tides may be prepared by any of a number of conventional 
techniques. A DNA fragment encoding a desired soluble 
polypeptide may be subcloned into an expression vector. 
DNA fragments may be produced by restriction endonu 
clease digestion of a full length cloned DNA sequence, and 
isolated by electrophoresis on agarose gels. Alternatively, a 
desired DNA sequence may be chemically synthesiZed using 
knoWn techniques. Linkers containing restriction endonu 
clease cleavage site(s) may be employed to insert the desired 
DNA fragment into an expression vector, or the fragment 
may be digested at cleavage sites naturally present therein. 

[0064] The Well knoWn polymerase chain reaction (PCR) 
procedures also may be employed to isolate a DNA 
sequence encoding a desired soluble protein fragment. This 
technique is illustrated in the examples beloW. 

[0065] In another approach, enZymatic treatment (using 
Bal 31 exonuclease) may be employed to delete terminal 
nucleotides from a DNA fragment to obtain a fragment 
having a particular desired terminus. Among the commer 
cially available linkers are those that an be ligated to the 
blunt ends produced by Bal 31 digestion, and Which contain 
restriction endonuclease cleavage site(s). Alternatively, oli 
gonucleotides that reconstruct the N- or C-terminus of a 
DNA fragment to a desired point may be synthesiZed. The 
oligonucleotide may contain a restriction endonuclease 
cleavage site upstream of the desired coding sequence and 
position an initiation codon (ATG) at the N-terminus of the 
coding sequence. 

[0066] The TNF-R and IL-lR DNA sequences may vary 
from those presented in SEQ ID NOS: 1, 3, 5 and 7. Due to 
the knoWn degeneracy of the genetic code, there can be 
considerable variation in nucleotide sequences encoding the 
same amino acid sequence, for example. DNA sequences 
capable of hybridiZing to the DNA sequences of SEQ ID 
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NOS: 1, 3, 5 and 7 under moderately stringent conditions 
(55° C., 5x SSC), and Which encode a biologically active 
TNF-R or IL-lR polypeptide, are also considered to be 
TNF-R-encoding or IL-lR-encoding DNA sequences, 
respectively, in the context of the present invention. 

[0067] Mutations may be deliberately made to the native 
DNA sequences, eg to produce the amino acid substitu 
tions, deletions and insertions described above. Certain of 
the mutations Will not be expressed in the ?nal protein 
product. For example, nucleotide substitutions may be made 
to enhance expression, primarily to avoid secondary struc 
ture loops in the transcribed mRNA (see EP 75,444, incor 
porated herein by reference). Other alterations of the nucle 
otide sequence may be made to provide codons that are more 
readily translated by the selected host, e.g., the Well-knoWn 
E. coli preference codons for E. coli expression. Silent 
mutations (changes in the DNA sequence that do not alter 
the encoded amino acid sequence) also may occur during 
polymerase chain reactions. In one embodiment of the 
present invention, nucleotide number 437 of SEQ ID NO: 5 
(type I IL-l R) is changed from a T to a C. This silent 
mutation occurred during a polymerase chain reaction. 

[0068] Mutations in nucleotide sequences should, of 
course, preserve the reading frame phase of the coding 
sequences. The mutations preferably Will not create comple 
mentary regions that could hybridiZe to produce secondary 
mRNA structures such as loops or hairpins Which Would 
adversely affect translation of the fusion protein mRNA. 

[0069] The present invention thus provides inventive 
DNA sequences encoding the above-described fusion pro 
teins, Wherein each TNF-R DNA sequence in the fusion 
protein DNA sequence is selected from: (a) DNA sequences 
derived from the coding region of a native mammalian 
TNF-R gene (e.g., cDNA derived from the coding region of 
SEQ ID NOS: 1 or 3); (b) DNA sequences capable of 
hybridiZation to a DNA sequence of (a) under moderately 
stringent conditions (50° C., 2x SSC) and Which encode 
biologically active TNF-R and (c) DNA sequences Which 
are degenerate as a result of the genetic code to the DNA 
sequences de?ned in (a) or (b) and Which encode biologi 
cally active TNF-R. The fusion protein DNA sequence 
likeWise may comprise IL-lR encoding DNA sequence(s) 
selected from: (a) DNA sequences derived from the coding 
region of a native mammalian IL-lR gene (e.g., cDNA 
derived from the coding region of SEQ ID NOS: 5 or 7); (b) 
DNA sequences capable of hybridiZation to a DNA sequence 
of (a) under moderately stringent conditions (55° C., 5x 
SSC) and Which encode biologically active IL-lR; and (c) 
DNA sequences Which are degenerate as a result of the 
genetic code to the DNA sequences de?ned in (a) or (b) and 
Which encode biologically active IL-lR. 

[0070] Expression of Recombinant Fusion Proteins 

[0071] The present invention provides recombinant 
expression vectors to express DNA encoding the fusion 
proteins of the present invention. The inventive recombinant 
expression vectors are replicable DNA constructs Which 
contain a synthetic or cDNA-derived DNA sequence encod 
ing one of the above-described fusion proteins, operably 
linked to suitable transcriptional or translational regulatory 
elements. Examples of genetic elements having a regulatory 
role in gene expression include transcriptional promoters, 
operators or enhancers, a sequence encoding suitable mRNA 
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ribosomal binding sites, and appropriate transcription and 
translation initiation and termination sequences. The ability 
to replicate in a host, usually conferred by an origin of 
replication, and a selection gene to facilitate recognition of 
transformants may additionally be incorporated. The regu 
latory elements employed in the expression vectors are 
generally derived from mammalian, microbial, viral, or 
insect genes. Expression vectors derived from retroviruses 
also may be employed. 

[0072] DNA regions are operably linked When they are 
functionally related to each other. A DNA sequence encod 
ing a fusion protein is said to be operably linked to one or 
more of the above-described regulatory elements When the 
fusion protein DNA sequence is transcribed, or the resulting 
mRNA is translated, under the control of the regulatory 
element(s). 
[0073] Transformed host cells are cells Which have been 
transformed or transfected With foreign DNA using recom 
binant DNA techniques. In the context of the present inven 
tion, the foreign DNA includes a sequence encoding the 
inventive fusion protein. Host cells may be transformed for 
purposes of cloning or amplifying the foreign DNA, or may 
be transformed With an expression vector for production of 
the fusion protein under the control of appropriate promot 
ers. Suitable host cells include prokaryotes, yeast, or higher 
eukaryotic cells. Appropriate cloning and expression vectors 
for use With bacterial, fungal, yeast, and mammalian cellular 
hosts are described by PouWels et al. (Cloning Vectors: A 
Laboratory Manual, Elsevier, NY, 1985), the relevant 
disclosures of Which is hereby incorporated by reference. 
Cell-free translation systems could also be employed to 
produce fusion protein using RNAs derived from the DNA 
constructs of the present invention. 

[0074] Prokaryotes include gram negative or gram posi 
tive organisms. Prokaryotic expression vectors generally 
comprise one or more phenotypic selectable markers, for 
example a gene encoding proteins conferring antibiotic 
resistance or supplying an autotrophic requirement, and an 
origin of replication recogniZed by the host to ensure ampli 
?cation Within the host. Examples of suitable prokaryotic 
hosts for transformation include E. coli, bacilli such as 
Bacillus subtilis, Salmonella typhimurium, and various spe 
cies Within the genera Pseudomonas, Streptomyces, and 
Staphylococcus, although others may also be employed as a 
matter of choice. 

[0075] Useful expression vectors for bacterial use can 
comprise a selectable marker and bacterial origin of repli 
cation derived from commercially available plasmids com 
prising genetic elements of the Well-knoWn cloning vector 
pBR322 (ATCC 37017). Such commercial vectors include, 
for example, pKK223-3 (Pharmacia Fine Chemicals, Upp 
sala, SWeden) and pGEM1 (Promega Biotec, Madison, Wis., 
USA). These pBR322 “backbone” sections are combined 
With an appropriate promoter and the structural sequence to 
be expressed. E. coli is typically transformed using deriva 
tives of pBR322, a plasmid derived from an E. coli species 
(Bolivar et al., Gene 2:95, 1977). pBR322 contains genes for 
ampicillin and tetracycline resistance, providing simple 
means for identifying transformed cells. 

[0076] Promoters commonly used in recombinant micro 
bial expression vectors include the b-lactamase (penicilli 
nase) and lactose promoter system (Chang et al., Nature 
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275:615, 1978; and Goeddel et al., Nature 281:544, 1979), 
the tryptophan (trp) promoter system (Goeddel et al., Nucl. 
Acids Res. 8:4057, 1980; and EPA 36,776) and tac promoter 
(Maniatis, Molecular Cloning: A Laboratory Manual, Cold 
Spring Harbor Laboratory, p. 412, 1982). A particularly 
useful bacterial expression system employs the phage 9» PL 
promoter and cI857ts thermoinducible repressor. Plasmid 
vectors available from the American Type Culture Collec 
tion Which incorporate derivatives of the 9» PL promoter 
include plasmid pHUB2, resident in E. coli strain JMB9 
(ATCC 37092) and pPLc28, resident in E. coli RR1 (ATCC 
53082). 
[0077] The recombinant fusion protein may also be 
expressed in yeast hosts, preferably from Saccharomyces 
species, such as S. cerevisiae. Yeast of other genera such as 
Pichia or Kluyveromyces may also be employed. Yeast 
vectors Will generally contain an origin of replication from 
the 2 pm yeast plasmid or an autonomously replicating 
sequence (ARS), a promoter, DNA encoding the fusion 
protein, sequences for polyadenylation and transcription 
termination and a selection gene. Preferably, yeast vectors 
Will include an origin of replication and selectable markers 
permitting transformation of both yeast and E. coli, e.g., the 
ampicillin resistance gene of E. coli and the S. cerevisiae 
trp1 gene, Which provides a selection marker for a mutant 
strain of yeast lacking the ability to groW in tryptophan, and 
a promoter derived from a highly expressed yeast gene to 
induce transcription of a structural sequence doWnstream. 
The presence of the trp1 lesion in the yeast host cell genome 
then provides an effective environment for detecting trans 
formation by groWth in the absence of tryptophan. 

[0078] Suitable promoter sequences in yeast vectors 
include the promoters for metallothionein, 3-phosphoglyc 
erate kinase (HitZeman et al., J. Biol. Chem. 255:2073, 
1980) or other glycolytic enZymes (Hess et al., J. Adv. 
Enzyme Reg. 7:149, 1968; and Holland et al., Biochem. 
17:4900, 1978), such as enolase, glyceraldehyde-3-phos 
phate dehydrogenase, hexokinase, pyruvate decarboxylase, 
phosphofructokinase, glucose-6-phosphate isomerase, 
3-phosphoglycerate mutase, pyruvate kinase, triosephos 
phate isomerase, phosphoglucose isomerase and glucoki 
nase. Suitable vectors and promoters for use in yeast expres 
sion are further described in R. HitZeman et al., EPA 73,657. 

[0079] Preferred yeast vectors can be assembled using 
DNA sequences from pBR322 for selection and replication 
in E. coli (AmpI gene and origin of replication) and yeast 
DNA sequences including a glucose-repressible ADH2 pro 
moter and ot-factor secretion leader. The ADH2 promoter 
has been described by Russell et al. (J. Biol. Chem. 
258:2674, 1982) and Beier et al., (Nature 300:724, 1982). 
Advantageously, a DNA segment encoding a leader 
sequence functional in yeast is operably linked to the 5‘ end 
of the DNA encoding the fusion protein. The encoded leader 
peptide promotes secretion of the fusion protein from the 
host cell and is generally cleaved from the fusion protein 
upon secretion. As one example, the yeast ot-factor leader, 
Which directs secretion of heterologous proteins, can be 
inserted betWeen the promoter and the structural gene to be 
expressed. See, e.g., Kurjan et al., Cell 30:922, 1982; and 
Bitter et al., Proc. Natl. Acad. Sci. USA 81:5330, 1984. The 
leader sequence may be modi?ed to contain, near its 3‘ end, 
one or more useful restriction sites to facilitate fusion of the 

leader sequence to foreign genes. 
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[0080] Suitable yeast transformation protocols are known 
to those of skill in the art. An exemplary technique is 
described by Hinnen et al., Proc. Natl. Acad. Sci. USA 
75 :1929, (1978), selecting for Trp+ transformants in a selec 
tive medium consisting of 0.67% yeast nitrogen base, 0.5% 
casamino acids, 2% glucose, 10 pig/ml adenine and 20 pig/ml 
uracil. Host strains transformed by vectors comprising the 
above-described ADH2 promoter may be groWn for expres 
sion in a rich medium consisting of 1% yeast extract, 2% 
peptone, and 1% glucose supplemented With 80 pig/ml 
adenine and 80 pig/ml uracil. Derepression of the ADH2 
promoter occurs upon exhaustion of medium glucose. Crude 
yeast supernatants are harvested by ?ltration and held at 4° 
C. prior to further puri?cation. 

[0081] Various mammalian or insect cell culture systems 
can be employed to express recombinant protein. Baculovi 
rus systems for production of heterologous proteins in insect 
cells are revieWed by LuckoW and Summers, Bio/Technol 
ogy 6:47 (1988). Established cell lines of mammalian origin 
may be employed. Examples of suitable mammalian host 
cell lines include the COS-7 lines of monkey kidney cells, 
described by GluZman (Cell 23:175, 1981), L cells, C127, 
3T3, Chinese hamster ovary (CHO), HeLa and BHK cell 
lines. Mammalian expression vectors may comprise non 
transcribed elements such as an origin of replication, a 
suitable promoter and enhancer linked to the gene to be 
expressed, and other 5‘ or 3‘ ?anking nontranscribed 
sequences, and 5‘ or 3‘ nontranslated sequences, such as 
necessary ribosome binding sites, a poly-adenylation site, 
splice donor and acceptor sites, and transcriptional termina 
tion sequences. 

[0082] The transcriptional and translational control 
sequences in expression vectors to be used in transforming 
vertebrate cells may be provided by viral sources. For 
example, commonly used promoters and enhancers are 
derived from Polyoma, Adenovirus 2, Simian Virus 40 
(SV40), and human cytomegalovirus. DNA sequences 
derived from the SV40 viral genome, for example, SV40 
origin, early and late promoter, enhancer, splice, and poly 
adenylation sites may be used to provide the other genetic 
elements required for expression of a heterologous DNA 
sequence. The early and late promoters are particularly 
useful because both are obtained easily from the virus as a 
fragment Which also contains the SV40 viral origin or 
replication (Fiers et al., Nature 273:113, 1978). Smaller or 
larger SV40 fragments may also be used, provided the 
approximately 250 bp sequence extending from the Hind III 
site toWard the BglI site located in the viral origin of 
replication is included. Exemplary vectors can be con 
structed as disclosed by Okayama and Berg (Mol. Cell. Biol. 
3:280, 1983). A useful system for stable high level expres 
sion of mammalian receptor cDNAs in C127 murine mam 
mary epithelial cells can be constructed substantially as 
described by Cosman et al. (Mol. Immunol. 23:935, 1986). 

[0083] Producing and Purifying the Fusion Protein 

[0084] The present invention provides a process for pro 
ducing the recombinant fusion protein of the present inven 
tion, comprising culturing a host cell transformed With an 
expression vector comprising a DNA sequence that encodes 
said fusion protein under conditions that promote expression 
of the fusion protein, Which is then puri?ed from culture 
media or cell extracts. Any suitable puri?cation process may 
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be employed, With the procedure of choice varying accord 
ing to such factors as the type of host cells and Whether or 
not the desired protein is secreted from the host cells. The 
fusion protein Will be secreted into the culture medium When 
it is initially fused to a signal sequence or leader peptide 
operative in the host cells, or When the protein comprises 
soluble forms of the TNF-R and IL-1R polypeptides. 

[0085] For example, supernatants from expression sys 
tems Which secrete recombinant protein into the culture 
medium can be ?rst concentrated using a commercially 
available protein concentration ?lter, for example, an Ami 
con or Millipore Pellicon ultra?ltration unit. FolloWing the 
concentration step, the concentrate can be applied to a 
suitable puri?cation matrix. For example, a suitable affinity 
matrix can comprise TNF or IL-1. An af?nity matrix may be 
prepared by coupling recombinant human TNF or IL-1 to 
cyanogen bromide-activated Sepharose (Pharmacia) or 
HydraZide Af?gel (Biorad), according to manufacturer’s 
recommendations. A preferred puri?cation procedure 
involves sequential immunopuri?cation using antibodies 
bound to a suitable support. Proteins binding to an antibody 
speci?c for TNF-R are recovered and contacted With anti 
body speci?c for IL-1R on an insoluble support. Proteins 
immunoreactive With both antibodies may thus be identi?ed 
and isolated. Amonoclonal antibody speci?c for human type 
I IL-1R Was deposited With the American Type Culture 
Collection under accession number HB10556 on Sep. 13, 
1990. Alternatively, an anion exchange resin can be 
employed, for example, a matrix or substrate having pendant 
diethylaminoethyl (DEAE) groups. The matrices can be 
acrylamide, agarose, dextran, cellulose or other types com 
monly employed in protein puri?cation. Alternatively, a 
cation exchange step can be employed. Suitable cation 
exchangers include various insoluble matrices comprising 
sulfopropyl or carboxymethyl groups. Sulfopropyl groups 
are preferred. One or more reversed-phase high performance 
liquid chromatography (RP-HPLC) steps employing hydro 
phobic RP-HPLC media, e.g., silica gel having pendant 
methyl or other aliphatic groups, can be employed to further 
purify a fusion protein composition. 

[0086] Recombinant protein produced in bacterial culture 
is usually isolated by initial extraction from cell pellets, 
folloWed by one or more concentration, salting-out, aqueous 
ion exchange or siZe exclusion chromatography steps. 
Finally, high performance liquid chromatography (HPLC) 
can be employed for ?nal puri?cation steps. Microbial cells 
employed in expression of recombinant fusion proteins can 
disrupted by any convenient method, including freeZe-thaW 
cycling, sonication, mechanical disruption, or use of cell 
lysing agents. 

[0087] Fermentation of yeast Which express fusion pro 
teins as a secreted protein greatly simpli?es puri?cation. 
Secreted recombinant protein resulting from a large-scale 
fermentation can be puri?ed by methods analogous to those 
disclosed by Urdal et al. (J. Chromatog. 296:171, 1984), 
involving tWo sequential, reversed-phase HPLC steps for 
puri?cation of a recombinant protein on a preparative HPLC 
column. 

[0088] Some or all of the foregoing puri?cation steps, in 
various combinations, can be employed to provide an essen 
tially homogeneous recombinant protein. Recombinant cell 
culture enables the production of the fusion protein free of 
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those contaminating proteins Which may be normally asso 
ciated With TNF-R or IL-lR as they are found in nature in 

their respective species of origin, e.g., in cells, cell exudates 
or body ?uids. The foregoing puri?cation procedures are 
among those that may be employed to purify non-recombi 
nant receptors of the present invention as Well. 

[0089] As an alternative to production of the inventive 
receptors as fusion proteins, the TNF-R and IL-lR proteins 
may be separately produced and puri?ed, and subsequently 
linked together. Numerous reagents useful for crosslinking 
one protein molecule to another are knoWn. Heterobifunc 
tional and homobifunctional linkers are available for this 
purpose from Pierce Chemical Company, Rockford, III, for 
example. Such linkers contain tWo functional groups (e.g., 
esters and/or maleimides) that Will react With certain func 
tional groups on amino acid side chains (e.g., amines on 
lysine residues and sulfhydryls generated on cysteine resi 
dues by reduction), thus linking one polypeptide to another. 
Examples of such crosslinking reagents are N-maleimido 
benZoyl succinimidyl ester and N-hydroxysuccinimide. The 
reagent and reaction conditions should be chosen such that 
the cross-linking does not interfere With binding of TNR or 
IL-1 to the receptor. The TNF-R and IL-lR polypeptides are 
preferably linked via one of the above-described peptide 
linkers that functions as a spacer. A peptide linker may be 
attached to TNF-R or to IL-lR by any of the conventional 
procedures used to attach one polypeptide to another. The 
cross-linking reagents available from Pierce Chemical Com 
pany as described above are among those that may be 
employed. Amino acids having side chains reactive With 
such reagents may be included in the peptide linker, e.g., at 
the termini thereof. 

[0090] Pharmaceutical Compositions 

[0091] The present invention provides pharmaceutical 
compositions comprising any of the above-described fusion 
proteins and a physiologically acceptable carrier, diluent, or 
excipient. Such carriers, excipients and diluents Will be 
nontoxic to recipients at the dosages and concentrations 
employed. Such compositions may comprise buffers, anti 
oxidants such as ascorbic acid, loW molecular Weight (less 
than about 10 residues) polypeptides, proteins, amino acids, 
carbohydrates including glucose, sucrose or dextrins, chelat 
ing agents such as EDTA, glutathione and other stabiliZers 
and excipients. Neutral buffered saline or saline mixed With 
conspeci?c serum albumin are exemplary appropriate dilu 
ents. Preferably, the composition is formulated as a lyo 
philiZate using appropriate excipient solutions (e. g., sucrose) 
as diluents. Appropriate dosages can be determined in clini 
cal trials. The amount and frequency of administration Will 
depend, of course, on such factors as the nature and severity 
of the indication being treated, the desired response, the 
condition of the patient, and so forth. 

[0092] Conditions mediated by either TNF or IL-1 may be 
treated by administering a therapeutically effective amount 
of a fusion protein of the present invention in the form of a 
pharmaceutical composition, to a patient af?icted With such 
a disorder. Adisorder is said to be mediated by TNF or IL-1 
When TNF or IL-1 causes (directly or indirectly) or exac 
erbates the disorder. Soluble receptor proteins can be used to 
competitively bind to TNF or IL-1, thereby inhibiting bind 
ing of TNF and IL-1 to cell surface receptors. 
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[0093] For therapeutic use, puri?ed fusion proteins of the 
present invention are administered to a patient, preferably a 
human, for treatment in a manner appropriate to the indi 
cation. Thus, for example, the pharmaceutical compositions 
can be administered by bolus injection, continuous infusion, 
sustained release from implants, or other suitable technique. 

[0094] The fusion protein employed in the pharmaceutical 
compositions should be puri?ed, in that the fusion protein is 
substantially free of other proteins of natural or endogenous 
origin and contains less than about 1% by mass of protein 
contaminants residual of production processes. Such com 
positions, hoWever, can contain other proteins added as 
stabiliZers, carriers, excipients or co-therapeutics. The 
fusion protein is puri?ed to substantial homogeneity if it is 
detectable as a single protein band in a polyacrylamide gel 
by silver staining. 

[0095] The fusion proteins of the present invention may be 
administered to treat conditions believed to be mediated, at 
least in part, by TNF, such as cachexia, rheumatoid arthritis, 
diabetes, multiple sclerosis, pulmonary ?brosis and silicosis, 
cerebral malaria, and allograft and xenograft rejection in 
graft versus host disease. TNF has also been implicated in 
sepsis and septic shock. Bacterial endotoxin can cause sepsis 
in mammals infected With certain types of bacteria, and is 
believed to stimulate macrophages to produce factors that 
include TNF. Folks et al. (PNAS USA 8612365, 1989) 
suggests that TNF-ot plays an important role in the patho 
genesis of HIV infection. TNF-ot induced expression of HIV 
in a cell line employed as a model of HIV latency to study 
conversion from a latent to a productive infection. 

[0096] Certain cytokines (IL-1, IL-2 and other colony 
stimulating factors) can induce signi?cant host production of 
TNF. Fusion proteins of the formula TNF-R-linker-TNF-R 
thus may be used to treat side effects associated With 
cytokine therapy. Because of the primary role IL-l plays in 
the production of TNF, fusion proteins comprising both IL-1 
receptor(s) and TNF receptor(s) may be preferred in the 
treatment of TNF-associated clinical indications. 

[0097] TNF has been reported to induce secretion of IL-1 
in vivo. Thus, fusion proteins that bind both TNF and IL-1 
may be employed in treating conditions mediated by IL-1. 
The inventive fusion proteins can be administered, for 
example, for the purpose of suppressing immune responses 
in a human. Avariety of diseases or conditions are caused by 
an immune response to alloantigen. In alloantigen-induced 
immune responses, IL-lR suppresses lymphoproliferation 
and in?ammation Which result upon activation of T cells. 
IL-lR thus may be used to suppress alloantigen-induced 
immune responses in the clinical treatment of, for example, 
rejection of allografts (such as skin, kidney, and heart 
transplants), and graft-versus-host reactions in patients Who 
have received bone marroW transplants. IL-1 is believed to 
play a causative role in allergies and autoimmune dysfunc 
tions (such as rheumatoid arthritis, diabetes, and multiple 
sclerosis, Which are dependent upon the activation of T cells 
against antigens not recogniZed as being indigenous to the 
host. 

[0098] TNF and IL-1 have been implicated in a number of 
the same diseases, as can be seen by comparing the lists of 
TNF-mediated and IL-l-mediated conditions presented 
above. In addition, TNF and IL-1 are tWo of the major 
mediators of in?ammation, often acting in concert. The 
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fusion proteins of the present invention that comprise recep 
tors for both TNF and IL-1 thus offer advantages in the 
treatment of a number of conditions in Which both TNF and 
IL-1 are believed to play a causative role. 

[0099] The use of soluble forms of IL-1R and TNF-R in 
the inventive fusion proteins is advantageous for certain 
applications. Puri?cation of the proteins from recombinant 
host cells is facilitated, since the soluble proteins are 
secreted from the cells. Further, soluble proteins are gener 
ally more suitable for intravenous administration and may 
exert their therapeutic effect (binding IL-1 and/or TNF) in 
the bloodstream. By binding IL-1 and/or TNF, the soluble 
fusion proteins Will inhibit signal transduction via endog 
enous cell surface receptors for IL-1 or TNF. 

[0100] The inventive fusion proteins may also be used as 
reagents in receptor-based immunoassays, reagents in assays 
for TNF or IL-1, or as binding agents for af?nity puri?cation 
or TNF or IL-1. 

[0101] The folloWing examples are offered by Way of 
illustration, and not by Way of limitation. 

EXAMPLES 

Example 1 

TNF Binding Assays 

[0102] A. Radiolabeling of TNFO. and TNFB. Recombi 
nant human TNFot, in the form of a fusion protein containing 
a hydrophilic octapeptide at the N-terminus, Was expressed 
in yeast as a secreted protein and puri?ed by af?nity chro 
matography (Hopp et al., Bio/Technology 6:1204, 1988). 
Puri?ed recombinant human TNFB Was purchased from 
R&D Systems (Minneapolis, Minn.). Both proteins Were 
radiolabeled using the commercially available solid phase 
agent, IODO-GEN (Pierce). In this procedure, 5 pig of 
IODO-GEN Were plated at the bottom of a 10x75 mm glass 
tube and incubated for 20 minutes at 4° C. With 75 pl of 0.1 
M sodium phosphate, pH 7.4 and 20 pl (2 mCi) Na 1251. This 
solution Was then transferred to a second glass tube con 
taining 5 pig TNFO. (or TNFB) in 45 pl PBS for 20 minutes 
at 4° C. The reaction mixture Was fractionated by gel 
?ltration on a 2 ml bed volume of Sephadex G-25 (Sigma) 
equilibrated in RosWell Park Memorial Institute (RPMI) 
1640 medium containing 2.5% (W/v) bovine serum albumin 
(BSA), 0.2% (W/v) sodium aZide and 20 mM Hepes pH 7.4 
(binding medium). The ?nal pool of 125I-TNF Was diluted to 
a Working stock solution of 1x10‘7 M in binding medium 
and stored for up to one month at 4° C. Without detectable 
loss of receptor binding activity. The speci?c activity is 
routinely 1><10° cpm/mmole TNF. 

[0103] B. Binding to Intact Cells. Binding assays With 
intact cells Were performed by tWo methods. In the ?rst 
method, cells Were ?rst groWn either in suspension (e.g., U 
937) or by adherence on tissue culture plates (e.g., WI26 
VA4, COS cells expressing the recombinant TNF receptor). 
Adherent cells Were subsequently removed by treatment 
With 5 mM EDTA treatment for ten minutes at 37 degrees 
centigrade. Binding assays Were then performed by a ptha 
late oil separation method (DoWer et al., J. Immunol. 
132:751, 1984) essentially as described by Park et al. (J. 
Biol. Chem. 261:4177, 1986). Non-speci?c binding of 125I 
TNF Was measured in the presence of a 200-fold or greater 
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molar excess of unlabeled TNF. Sodium aZide (0.2%) Was 
included in a binding assay to inhibit internaliZation of 
125I-TNF by cells. In the second method, COS cells trans 
fected With the TNF-R-containing plasmid, and expressing 
TNF receptors on the surface, Were tested for the ability to 
bind 125I-TNF by the plate binding assay described by Sims 
et al. (Science 241:585, 1988). 
[0104] C. Solid Phase Binding Assays. The ability of 
TNF-R to be stably adsorbed to nitrocellulose from deter 
gent extracts of human cells yet retain TNF-binding activity 
provided a means of detecting TNF-R. Cell extracts Were 
prepared by mixing a cell pellet With a 2x volume of PBS 
containing 1% Triton X-100 and a cocktail of protease 
inhibitors (2 mM phenylmethyl sulfonyl ?uoride, 10 pM 
pepstatin, 10 pM leupeptin, 2 mM o-phenanthroline and 2 
mM EGTA) by vigorous vortexing. The mixture Was incu 
bated on ice for 30 minutes after Which it Was centrifuged at 
12,000>< g for 15 minutes at 8° C. to remove nuclei and other 
debris. TWo microliter aliquots of cell extracts Were placed 
on dry BA85/21 nitrocellulose membranes (Schleicher and 
Schuell, Keene, NH.) and alloWed to dry. The membranes 
Were incubated in tissue culture dishes for 30 minutes in Tris 
(0.05 M) buffered saline (0.15 M) pH 7.5 containing 3% W/v 
BSA to block nonspeci?c binding sites. The membrane Was 
then covered With 5><10_11 M 125I-TNF in PBS:3% BSA 
and incubated for 2 hr at 4° C. With shaking. At the end of 
this time, the membranes Were Washed 3 times in PBS, dried 
and placed on Kodak X-Omat AR ?lm for 18 hr at —70° C. 

[0105] D. Signal Transduction Assays. Inhibition of TNF 
signal transduction activity can be determined by transfect 
ing cells With recombinant TNF-R DNAs encoding mem 
brane-bound TNF-R to obtain recombinant receptor expres 
sion on the cell surface. The cells are then contacted With 
TNF and the resulting metabolic effects examined. If an 
effect results Which is attributable to the action of the ligand, 
and is not attributable to endogenous TNF receptors on the 
cells, then the recombinant receptor has signal transduction 
activity. Exemplary procedures for determining Whether a 
polypeptide has signal transduction activity are disclosed by 
IdZerda et al., J. Exp. Med. 171:861 (1990); Curtis et al., 
Proc. Natl. Acad. Sci. USA 86:3045 (1989); PryWes et al., 
EMBO J. 512179 (1986) and Chou et al., J. Biol. Chem. 
262:1842 (1987). The ability of a soluble TNF-R polypep 
tide to competitively inhibit signal transduction can be 
determined using similar procedures. Primary cells or cell 
lines Which express an endogenous TNF receptor and have 
a detectable biological response to TNF could be utiliZed as 
an alternative to the cells expressing recombinant mem 
brane-bound TNF-R. Decreased signal transduction When a 
soluble TNF-R polypeptide is added to the assay indicates 
binding of TNF by the soluble TNF-R, so that less TNF 
binds to the cell surface TNF receptors to initiate signal 
transduction. 

Example 2 

IL-1 Binding Assays 

[0106] A. Radiolabeling of rIL-1[3. Recombinant human 
IL-1[3 Was prepared by expression in E. coli and puri?cation 
to homogeneity as described by Kronheim et al. (Bio/ 
Technology 4:1078, 1986). The IL-1[3 Was labeled With 
di-iodo (1251) Bolton-Hunter reagent (NeW England Nuclear, 
Glenolden, Pa.). Ten micrograms (0.57 nmol) of protein in 
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10 uL of phosphate (0.015 mol/L)-buffered saline (PBS; 
0.15 mol/L), pH 7.2, Was mixed With 10 uL of sodium borate 
(0.1 mol/L)-buffered saline (0.15 mol/L), pH 8.5, and 
reacted With 1 mCi (0.23 nmol) of Bolton-Hunter reagent 
according to the manufacturer’s instructions for 12 hours at 
8° C. Subsequently, 30 uL of 2% gelatin and 5 uL of 1 mol/L 
glycine ethyl ester Were added, and the protein Was sepa 
rated from unreacted Bolton-Hunter reagent on a 1 mL bed 
volume BiogelTM P6 column (BioRad Laboratories, Rich 
mond, Calif). Routinely, 50% to 60% incorporation of label 
Was observed. Radioiodination yielded speci?c activities in 
the range of 1><1015 to 5><1015 cpm/mmol-1 (0.4 to 2 atoms 
I per molecule protein), and sodium dodecyl sulfate-poly 
acrylamide gel electrophoresis (SDS/PAGE) revealed a 
single labeled polypeptide of 17.5 kD, consistant With 
previously reported values for IL-1. The labeled protein Was 
greater than 98% TCA precipitable, indicating that the 1251 
Was covalently bound to protein. 

[0107] B. Inhibition Binding Assay for Membrane-Bound 
IL-1R. “IL-1” refers collectively to IL-lO. and IL-1[3. The 
binding inhibition constant of an IL-1R protein may be 
determined by inhibition binding assays in Which varying 
concentrations of a competitor (IL-16 or IL-lO.) are incu 
bated With a constant amount of radiolabeled IL-1[3 or IL-lO. 
and cells expressing the IL-1R. The non-radiolabeled com 
petitor binds to the receptor and prevents the radiolabeled 
ligand from binding to the receptor. Binding assays Were 
performed by a phthalate oil separation method essentially 
as described by DoWer et al.,]. Immunol. 132:751, 1984 and 
Park et al.,]. Biol. Chem. 261:4177, 1986. Brie?y, host cells 
expressing a membrane-bound recombinant IL-1R Were 
incubated in six-Well plates (Costar, Cambridge, Mass.) at 4° 
C. for 2 hours With 125I-IL-1[3 in 1 ml binding medium 
(RosWell Park Memorial Institute (RPMI) 1640 medium 
combining 2% BSA, 20 mM hepes buffer, and 0.1% sodium 
aZide, pH 7.2). Sodium aZide Was included to inhibit inter 
naliZation and degradation of 125I-IL-1 by cells at 37° C. The 
plates Were incubated on a gyratory shaker for 1 hour at 37° 
C. Replicate aliquots of the incubation mixture Were then 
transferred to polyethylene centrifuge tubes containing a 
phthalate oil mixture comprising 1.5 parts dibutylphthalate, 
to 1 part bis(s-ethylhexyl)phthalate. Control tubes contain 
ing a 100>< molar excess of unlabeled IL-1[3 Were also 
included to determine non-speci?c binding. The cells With 
bound 125I-IL-1 Were separated from unbound 125I-IL-1 by 
centrifugation for 5 minutes at 15,000>< g in an Eppendorf 
Microfuge. The radioactivity associated With the cells Was 
then determined on a gamma counter. 

[0108] C. Inhibition Binding Assay for Soluble IL-1R. The 
binding inhibition constant of a soluble human IL-1R may 
be determined by an inhibition binding assay in Which 
varying concentrations of an IL-1[3 competitor is incubated 
With a constant amounts of radiolabeled I-IL-1[3 and CB23 
cells (an Epstein Barr virus transformed cord blood B 
lymphocyte cell line) expressing the type II IL-1R. A cell 
line expressing endogenous type I IL-1 receptors may be 
substituted for the CB23 cells in assays involving soluble 
type I IL-1R. Binding assays Were performed by a phthalate 
oil separation method essentially as described by DoWer et 
al., J. Immunol. 132:751, 1984 and Park et al.,]. Biol. Chem. 
261:4177, 1986. Brie?y, CVI-EBNA (mammalian) cells 
Were transfected With the expression vector pDC406 con 
taining a cDNA encoding a soluble human type II IL-1R as 
described in example 10. Supernatants from the cells Were 
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harvested 3 days after transfection and serially diluted in 
binding medium (RosWell Park Memorial Institute (RPMI) 
1640 medium containing 2% BSA, 20 mM Hepes buffer, 
and 0.2% sodium aZide, pH 7.2) in 6 Well plates to a volume 
of 50 pal/Well. The supernatants Were incubated With 50 pl of 
9x10‘10 M 125I-IL-1[3 plus 2.5><106 CVI-EBNA cells at 8° C. 
for 2 hours With agitation. Duplicate 60 pl aliquots of the 
incubation mixture Were then transferred to polyethylene 
centrifuge types containing a phthalate oil mixture compris 
ing 1.5 parts dibutylphthalate, to 1 part bis(s-ethylhexy 
l)phthalate. A negative control tube containing 3><10_6 M 
unlabeled IL-1[3 Was also included to determine non-speci?c 
binding (100% inhibition) and a positive control tube con 
taining 50 ml binding medium With only radiolabeled IL-1[3 
Was included to determine maximum binding. The cells With 
bound 125I-IL-1[3 Were separated from unbound 125I-IL-1[3 
by centrifugation for 5 minutes at 15 ,000>< g in an Eppendorf 
Microfuge. Supernatants containing unbound 125I-IL-1[3 
Were discarded and the cells Were carefully rinsed With 
ice-cold binding medium. The cells Were incubated in 1 ml 
of trypsin-EDTA at 37° C. for 15 minutes and then har 
vested. The radioactivity associated With the cells Was then 
determined on a gamma counter. The ability of soluble 
IL-1R to inhibit binding of IL-lO. to endogenous cellular 
receptors may be determined by the same procedure. Analo 
gous techniques may be employed in assays involving 
soluble TNF-R. 

Example 3 

Isolation of Human TNF-R cDNA by Direct 
Expression of Active Protein in COS-7 Cells 

[0109] Various human cell lines Were screened for expres 
sion of TNF-R based on their ability to bind 125I-labeled 
TNF. The human ?broblast cell line WI-26 VA4 (AT CC 
CCL 95.1) Was found to express a reasonable number of 
receptors per cell. Equilibrium binding studies shoWed that 
the cell line exhibited biphasic binding of 125I-TNF With 
approximately 4,000 high af?nity sites (Ka=1><101O M_1) 
and 15,000 loW af?nity sites (K,=1><108 M_1) per cell. 

[0110] An unsiZed cDNA library Was constructed by 
reverse transcription of polyadenylated mRNA isolated from 
total RNA extracted from human ?broblast WI-26 VA4 cells 
groWn in the presence of pokeWeed mitogen using standard 
techniques (Gubler, et al., Gene 25 :263, 1983; Ausubel et al., 
eds., CurrentProtocols in Molecular Biology, Vol. 1, 1987). 
The cells Were harvested by lysing the cells in a guanidine 
hydrochloride solution and total RNA isolated as previously 
described (March et al., Nature 315:641, 1985). 

[0111] Poly A+ RNA Was isolated by oligo dT cellulose 
chromatography and double-stranded cDNA Was prepared 
by a method similar to that of Gubler and Hoffman (Gene 
25:263, 1983). Brie?y, the poly A+ RNAWas converted to an 
RNA-cDNA hybrid by reverse transcriptase using oligo dT 
as a primer. The RNA-cDNA hybrid Was then converted into 
double-stranded cDNA using RNAase H in combination 
With DNA polymerase I. The resulting double stranded 
cDNA Was blunt-ended With T4 DNA polymerase. To the 
blunt-ended cDNA is added EcoRI linker-adapters (having 
internal Not1 sites) Which Were phosphorylated on only one 
end (Invitrogen). The linker-adaptered cDNA Was treated 
With T4 polynucleotide kinase to phosphorylate the 5‘ over 
hanging region of the linker-adapter and unligated linkers 
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Were removed by running the cDNA over a Sepharose CL4B 
column. The linker-adaptered cDNA Was ligated to an 
equimolar concentration of EcoRl cut and dephosphory 
lated arms of bacteriophage )tgtl0 (Huynh et al, DNA 
Cloning: A PracticalApproach, Glover, ed., IRL Press, pp. 
49-78). The ligated DNA Was packaged into phage particles 
using a commercially available kit to generate a library of 
recombinants (Stratagene Cloning Systems, San Diego, 
Calif., USA). Recombinants Were further ampli?ed by plat 
ing phage on a bacterial laWn of E. coli strain c600(hf1_). 

[0112] Phage DNA Was puri?ed from the resulting )tgtl0 
cDNA library and the cDNA inserts excised by digestion 
With the restriction enZyme Not1. FolloWing electrophoresis 
of the digest through an agarose gel, cDNAs greater than 
2,000 bp Were isolated. 

[0113] The resulting cDNAs Were ligated into the eukary 
otic expression vector pCAV/NOT, Which Was designed to 
express cDNA sequences inserted at its multiple cloning site 
When transfected into mammalian cells. pCAV/NOT Was 
assembled from pDC201 (a derivative of pMLSV, previ 
ously described by Cosman et al., Nature 312: 768, 1984), 
SV40 and cytomegalovirus DNA and comprises, in 
sequence With the direction of transcription from the origin 
of replication: (1) SV40 sequences from coordinates 5171 
270 including the origin of replication, enhancer sequences 
and early and late promoters; (2) cytomegalovirus sequences 
including the promoter and enhancer regions (nucleotides 
671 to +63 from the sequence published by Boechart et al. 
(Cell 41:521, 1985); (3) adenovirus-2 sequences containing 
the ?rst exon and part of the intron betWeen the ?rst and 
second exons of the tripartite leader, the second exon and 
part of the third exon of the tripartite leader and a multiple 
cloning site (MCS) containing sites for Xhol, Kpnl, Sma1, 
Not1 and Bgll; (4) SV40 sequences from coordinates 4127 
4100 and 2770-2533 that include the polyadenylation and 
termination signals for early transcription; (5) sequences 
derived from pBR322 and virus-associated sequences VAI 
and VAII of pDC201, With adenovirus sequences 10532 
11156 containing the VAI and VAII genes, folloWed by 
pBR322 sequences from 4363-2486 and 1094-375 contain 
ing the ampicillin resistance gene and origin of replication. 
pCAV/NOT has been deposited With the American Type 
Culture Collection under accession no. ATCC 68014. 

[0114] The resulting WI-26 VA4 cDNA library in pCAV/ 
NOT Was used to transform E. coli strain DH5ot, and 
recombinants Were plated to provide approximately 800 
colonies per plate and suf?cient plates to provide approxi 
mately 50,000 total colonies per screen. Colonies Were 
scraped from each plate, pooled, and plasmid DNAprepared 
from each pool. The pooled DNA Was then used to transfect 
a sub-con?uent layer of monkey COS-7 cells using DEAE 
dextran folloWed by chloroquine treatment, as described by 
Luthman et al. (Nucl. Acids Res. 11:1295, 1983) and 
McCutchan et al. (J. Natl. Cancer Inst. 41:351, 1986). The 
cells Were then groWn in culture for three days to permit 
transient expression of the inserted sequences. After three 
days, cell culture supernatants Were discarded and the cell 
monolayers in each plate assayed for TNF binding as 
folloWs. Three ml of binding medium containing 1.2><10_11 
M 125I-labeled FLAG®-TNF Was added to each plate and 
the plates incubated at 4° C. for 120 minutes. This medium 
Was then discarded, and each plate Was Washed once With 
cold binding medium (containing no labeled TNF) and tWice 
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With cold PBS. The edges of each plate Were then broken off, 
leaving a ?at disk Which Was contacted With X-ray ?lm for 
72 hours at —70° C. using an intensifying screen as described 
by Sims et al., Science 241:585 (1988). TNF binding activity 
Was visualiZed on the exposed ?lms as a dark focus against 
a relatively uniform background. 

[0115] After approximately 240,000 recombinants from 
the library had been screened in this manner, one transfec 
tant pool Was observed to provide TNF binding foci Which 
Were clearly apparent against the background exposure. A 
froZen stock of bacteria from the positive pool Was then used 
to obtain plates of approximately 150 colonies. Replicas of 
these plates Were made on nitrocellulose ?lters, and the 
plates Were then scraped and plasmid DNA prepared and 
transfected as described above to identify a positive plate. 
Bacteria from individual colonies from the nitrocellulose 
replica of this plate Were groWn in 0.2 ml cultures, Which 
Were used to obtain plasmid DNA, Which Was transfected 
into COS-7 cells as described above. In this manner, a single 
clone Was isolated Which Was capable of inducing expres 
sion of human TNF-R in COS cells. The expression vector 
pCAV/NOT containing this TNF-R cDNA has been depos 
ited With the American Type Culture Collection, 12301 
ParklaWn Drive, Rockville, Md. 20852, USA (Accession 
No. 68088) under the name pCAV/NOT-TNF-R. 

Example 4 

Construction of cDNAs Encoding Soluble 
huTNF-RA235 

[0116] A cDNA encoding a soluble huTNF-RA235 Was 
constructed. The encoded protein comprises the sequence of 
amino acids —22 to 235 of FIG. 2A. Processing of the signal 
sequence yields a protein having the sequence of amino 
acids 1 to 235 of FIG. 2A. An 840 bp fragment Was excised 
from pCAV/NOT-TNF-R With the restriction enZymes Not1 
and Pvu2. Not1 cuts at the multiple cloning site of pCAV/ 
NOT-TNF-R and Pvu2 cuts Within the TNF-R coding region 
20 nucleotides 5‘ of the transmembrane region. In order to 
reconstruct the 3‘ end of the TNF-R sequences, tWo oligo 
nucleotides Were synthesiZed and annealed to create the 
folloWing oligonucleotide linker: 

Pvu2 BamHl Bgl2 
CTGAAGGGAGCACTGGCGAC'I‘AAGGATCCA 

SEQ ID NO: 9 

GACTTCCCTCGTGACCGCTGATTCCTAGGTCTAG 

AlaGluGlySerThrGlyAspEnd 

[0117] This oligonucleotide linker has terminal Pvu2 and 
Bgl2 restriction sites, regenerates 20 nucleotides of the 
TNF-R, folloWed by a termination codon (underlined) and a 
BamHl restriction site (for convenience in isolating the 
entire soluble TNF-R by Notl/BamHl digestion). This 
oligonucleotide Was then ligated With the 840 bp Not1/Pvu2 
TNF-R insert into Bgl2/Not1 cut pCAV/NOT to yield psol 
huTNF-RA235/CAVNOT, Which Was transfected into 
COS-7 cells as described above. This expression vector 
induced expression of soluble human TNF-R Which Was 
capable of binding TNF. 


















































