a2 United States Patent

Brockhaus et al.

US008163522B1

US 8,163,522 B1
Apr. 24,2012

(10) Patent No.:
(45) Date of Patent:

(54) HUMAN TNF RECEPTOR

(75) Inventors: Manfred Brockhaus, Bettingen (CH);
Reiner Gentz, Rheinfelden (DE);
Dembic Zlatko, Basel (CH); Werner
Lesslauer, Basel (CH); Hansruedi
Lotscher, Mohlin (CH); Ernst-Jurgen
Schlaeger, Efringen-Kirchen (DE)

(73) Assignee: Hoffman-LaRoche Inc., Nutley, NJ
(US)

(*) Notice: Subject to any disclaimer, the term of this

patent is extended or adjusted under 35

U.S.C. 154(b) by O days.

(21)  Appl. No.: 08/444,791

(22) Filed: May 19, 1995

Related U.S. Application Data

(60) Division of application No. 08/095,640, filed on Jul.
21, 1993, now Pat. No. 5,610,279, which is a
continuation of application No. 07/580,013, filed on
Sep. 10, 1990, now abandoned.

(30) Foreign Application Priority Data
Sep. 12,1989 (CH) ...... ... 3319/89
Mar. 8, 1990 (CH) .cocovevvineerrcicececiecineerane 746/90
Apr. 20, 1990 (CH) .ooovvveveieerieneercicceenee 1347/90
Aug. 31,1990  (EP) .ocoveereiriceiecicicceee 90116707
(51) Imt.ClL
CI2N 15/12 (2006.01)
CI2N 15/63 (2006.01)
CI2N 5/10 (2006.01)
CI2P 21/00 (2006.01)
(52) US.CL ... 435/69.9; 536/23.4; 435/320.1;
435/325; 435/358
(58) Field of Classification Search .................. 530/350,

530/385, 388.22, 387.1, 866, 867, 391.1;
636/23.53, 23.1; 435/69.7,70.21, 320.1;
536/23.4
See application file for complete search history.

(56) References Cited

U.S. PATENT DOCUMENTS

4,593,002 A 6/1986 Dulbecco
4,675,285 A 6/1987 Clark et al.
4,729,326 A 3/1988 Richter
4,769,326 A 9/1988 Rutler
4,770,995 A 9/1988 Rubin et al.
4,816,567 A 3/1989 Cabilly et al.
4,894,439 A 1/1990 Dorin et al.
4,912,044 A 3/1990 Jacob et al.
4,935,233 A 6/1990 Bell et al.
4,948,875 A 8/1990 Tanaka et al.
4,963,354 A 10/1990 Shepard et al.
4,965,271 A 10/1990 Mandell et al.
5,055,447 A 10/1991 Palladino et al.
5,073,627 A 12/1991 Curtis et al.
5,075,222 A 12/1991 Hannum et al.
5,098,702 A 3/1992 Zimmerman et al.
5,098,833 A 3/1992 Lasky et al.
5,116,964 A 5/1992 Capon et al.

5,605,690
5,610,279
5,633,145
5,639,597

2/1997 Jacobs et al.
3/1997 Brockhaus et al.
5/1997 Feldmann et al.
6/1997 Lauffer et al.

(Continued)

5,118,500 A 6/1992 Hanel et al.
5,136,021 A 8/1992 Dembinski et al.
5,155,027 A 10/1992 Sledziewski et al.
5,211,945 A 5/1993 Wallach et al.
5,223,395 A 6/1993 Gero
5,225,538 A 7/1993 Capon et al.
5,258,498 A 11/1993 Huston et al.
5,264,416 A 11/1993 Park et al.
5,270,038 A 12/1993 Klimpel et al.
5,336,603 A 8/1994 Capon et al.
5344915 A *  9/1994 LeMaireetal. ... 530/350
5,350,683 A 9/1994 Sims et al.
5,359,032 A 10/1994 Dayer et al.
5,395,760 A *  3/1995 Smithetal. ............... 435/240.1
5,428,130 A * 6/1995 Caponetal. .............. 530/350
5,447,851 A 9/1995 Beutler et al.
5,455,165 A 10/1995 Capon et al.
5,478,925 A 12/1995 Wallach et al.
5,512,544 A 4/1996 Wallach et al.
5,514,582 A 5/1996 Capon et al.
5,599,905 A 2/1997 Mosley et al.
A
A
A
A

FOREIGN PATENT DOCUMENTS
AU 58976 1/1991
(Continued)

OTHER PUBLICATIONS

Leeet al., Science, vol. 239: 1284-1291, Generation of cDNA Probes
Directed by Amino Acid Sequence: Cloning of Urate Oxidase, Mar.
11, 1988.*

Wozney, Methods in Enzymology, vol. 182:738-751, “Using Purified
Protein to Clone Its Gene”, 1990.*

Monnat, Jr “Molecular Analysis of Spontaneous Hypoxanthine
Phosphoribosyltransferase Mutations in Thioguanine-resistant
HL-60 Human Leukemia Cells” Cancer Research, 49:81-87, 1989 .*
Peppel, K., et al., J. Exp. Med., 174, pp. 1483-1489 (1991).
Zettlmeissl, G., et al., DNA & Cell Biology, 9, pp. 347-353 (1990).
Loetscher et al, J. of Bio. Chem., 266(27), pp. 18324-18329 (1991).
Nature Biotechnology, 15 (1997) p. 13.

Stauber et al., “Human tumor necrosis factor-a receptor-purification
by immunoaffinity chromatography and initial characterization”, J.
Bio. Chem. 263:19098-19104 (1988).

(Continued)

Primary Examiner — Ronald Schwadron

(74) Attorney, Agent, or Firm — Marshall, Gerstein & Borun
LLP

(57) ABSTRACT

The present invention is concerned with non-soluble proteins
and soluble or insoluble fragments thereof, which bind TNF,
in homogeneous form, as well as their physiologically com-
patible salts, especially those proteins having a molecular
weight of about 55 or 75 kD (non-reducing SDS-PAGE con-
ditions), a process for the isolation of such proteins, antibod-
ies against such proteins, DNA sequences which code for
non-soluble proteins and soluble or non-soluble fragments
thereof, which bind TNF, as well as those which code for
proteins comprising partly of a soluble fragment, which binds
TNF, and partly of all domains except the first of the constant
region of the heavy chain of human immunoglobulins and the
recombinant proteins coded thereby as well as a process for
their manufacture using transformed pro- and eukaryotic host
cells.

10 Claims, 16 Drawing Sheets



US 8,163,522 B1
Page 2

U.S. PATENT DOCUMENTS

5,695,953 A 12/1997 Wallach et al.
5,705,364 A 1/1998 Etcheverry et al.
5,712,155 A 1/1998 Smith et al.
5,721,121 A 2/1998 Etcheverry et al.
5,808,029 A 9/1998 Brockhaus et al.
5,811,261 A 9/1998 Wallach et al.
5,863,786 A 1/1999 Feldmann et al.
5,945,397 A 8/1999 Smith et al.
5,981,701 A 11/1999 Wallach et al.
RE36,755 E 6/2000 Smith et al.
6,143,866 A 11/2000 Brewer et al.
6,165,476 A 12/2000 Strom et al.
6,201,105 Bl 3/2001 Smith et al.
6,221,675 Bl 4/2001 Hauptmann et al.
6,271,346 Bl 8/2001 Hauptmann et al.
6,294,352 Bl 9/2001 Hauptmann et al.
6,541,610 Bl 4/2003 Smith

6,541,620 Bl 4/2003 Brewer et al.
6,572,852 B2 6/2003 Smith et al.
6,858,409 Bl 2/2005 Thompson et al.
7,253,264 Bl 8/2007 Lauffer et al.

2003/0064480 Al
FOREIGN PATENT DOCUMENTS

4/2003 Lauffler et al.

EP 120694 10/1984
EP 227110 7/1987
EP 230574 8/1987
EP 269455 6/1988
EP 315 062 10/1988
EP 308 378 3/1989
EP 314317 5/1989
EP 325224 7/1989
EP 325262 7/1989
EP 0334165 9/1989
EP 393 438 4/1990
EP 0394827 A1 10/1990
EP 398 327 11/1990
EP 412 486 2/1991
EP 414178 2/1991
EP 418014 3/1991
EP 422 339 4/1991
EP 433 900 6/1991
EP 460846 12/1991
EP 526452 2/1993
EP 526905 2/1993
EP 0567 566 Bl 11/1993
EP 568925 11/1993
EP 606869 7/1994
GB 2218101 A 10/1989
GB 2218101 11/1989
GB 2 246 569 2/1992
JP 61-293924 12/1986
JP 02-154695 6/1990
WO 89/02922 * 4/1989
WO WO 89 09622 10/1989
WO WO 91/02078 2/1991
WO 91/03553 3/1991
WO WO 91/17184 11/1991
WO WO 91/08298 12/1991
WO WO 92/08495 5/1992
WO WO 92/13095 8/1992
WO WO 93/07863 4/1993
WO WO 93/19777 10/1993
WO WO 94/06476 3/1994
OTHER PUBLICATIONS

S ckinger et al., “Purification and bi logic charact rization of a specific
tumor necrosis factor o inhibitor”, J. Bio. Chem. 264:11966-11973
(1989).

Engelmann et al., “A tumor necrosis factor-binding protein purified
to homogeneity from human urine protects cells from tumor necrosis
factor toxicity”, J. Bio. Chem. 264:11974-11980 (1989).

Hohmann et al., “Two different cell types have different major rec
ptors for human tumor necrosis factor (TNFa)”, J. Bio. Ch m. 264:
14927-14934 (1989).

Smith et al., “A rec ptor for tumor necrosis factor defines an unusual
family of cellular and viral prot ins”, Science 248:1019-1023 (1990).

Heller et al., “Complementary DNA cloning of a receptor for tumor
necrosis factor and demonstraction of a shed form of the receptor”,
Proc. Natl. Acad. Sci. U.S.A. 87:6151-6155 (1990).

Novick et al., “Soluble cytokine receptors are present in normal
human urine”, J. Exp. Med. 170:1409-1414 (1989).

Engelmann et al., “Two tumor necrosis factor-binding proteins puri-
fied from human urine”, J. Bio. Chem. 265:1531-1536 (1990).
Schall et al., “Molecular cloning and expression of a receptor for
human tumor necrosis factor”, Cell 61:361-370 (1990).

Seckinger et al., “Tumor necrosis factor inhibitor: purification, NH,-
terminal amino acid sequence and evidence for anti-inflammatory
and immunomodulatory activities”, Eur. J. Immunol. 20:1167-1174
(1990).

Hohmann et al., “Expression of the types A and B tumor necrosis
factor (TNT) receptors is independently regulated, and both receptors
mediate activiation of the transcription factor NF-kB”, Bio. Ch m.
265:22409-22417 (1990).

Espevik et al., “Characterization of binding and biological effects of
monoclonal antibodies against a human tumor necrosis factor recep-
tor”, J. Exp. Med. 171:415-426 (1990).

Porteu and Nathan, “Shedding of tumor necrosis factor receptors by
activated human neutrophils”, J. Exp. Med. 172:599-607 (1990).
Eng Imann et al., “Antibodies to a soluble form of a tumor necrosis
factor (TNF) receptor have TNF-like activity”, J. Bio. Chem.
265:14497-14504 (1990).

Seckinger et al., “Characterization of a tumor necrosis factor o (TNF-
a) inhibitor: evidence of immunological cross-activity with the TNF
receptor”, Proc. Natl. Sci. USA 87:5188-5192 (1990).

Gray et al., “Cloning of human tumor necrosis factor (TNF) receptor
¢DNA and expression of recombinant soluble TNF-binding protein”,
Proc. Natl. Sci. USA 87:76380-7384 (1990).

Loetscher et al., “Molecular cloning and expression of the human 55
kd tumor necrosis factor receptor”, Cell 61:351-359 (1990).

Peppel et al., “Chimaeric TNF-receptor-IgC molecule acts as soluble
inhibitor of TNF mediated cytotoxicity”, Journal of Cellular
Biochem., Abstract, 20th Annual Meetings, Keystone Symposia on
Molecular and Cellular Biology, p. 118, Suppl m nt 15F (1991).
Olsson et al., “Isolation and characterization of a tumor necrosis
factor binding protein from urine”, Eur. J. Ha matol. 42:270-275
(1989).

Capon et al., “Designing CD4 immunoadhesions for AIDS therapy”,
Nature 337:525-530 (Feb. 9, 1989).

Abstract 92-009794/02 (1992) for EP 464 533.

Official Communication relating to an Opposition in EP Application
No. 99 100 703.0.

U.S. Appl. No. 08/478,995, Lauffler, Leander et al.

Abraham et al., p55 Tumor Necrosis Factor Receptor Fusion Protein
in the Treatment of Patients With Severe Sepsis and Septic Shock:
AAAAA JAMA, 19:1531-1538 (1997).

Abraham et al., Lenercept (p55 TuMor Necrosis Factor Receptor
Fusion Protein) in Severe Sepsis and Early Septic Shock: A Random-
ized, Double-Blind, Placebo-Controlled, Multicenter Phase III Trial
With 1,342 Patients, Crit Care Med,. 29:503-510 (2001).

Aggarwal et al., Characterization of Receptors for Human Tumour
Necrosis Factor and Their Regulation by y-Interferon, Nature,
318:665-667 (1985).

Aggarwal et al., Induction of Receptors for Tuthor Necrosis Factor-ot
by Interferons Is Not a Major Mechanism for Their Synergistic
Cytotoxic Response, J. Biol. Chem., 262:10000-10007 (1987).
Aggarwal et al., Human tumour necrosis factors: structure and recep-
tor interactions, in Tumor necrosis factor and related cytotoxins, pp.
39-51, (Ciba Foundation symposium 131), Wiley, Chichester (1987).
Arenzana-Seisdedos et al., Immunoregulatory Mediators in the
Pathogenesis of Rheumotoid Arthritis, Scand. J. Rheumatol., Supple-
ment 66:13-17 (1987).

Aruffo et al., Molecular Cloning of a CD28 ¢cDNA by a High-Effi-
ciency COS Cell Expression. System, Proc. Natl. Acad. Sci. USA,
84:8573-8577 (1987).

Ashkenazi et al., Protection Against Endotoxic Shock by a Tumor
Necrosis Factor Receptor Immunoadhesin, Proc. Natl. Acad. Sci.,
U.S.A. 88:10535-10539 (1991).

Ayala, Modem Genetics, Benjamin/Cummings, Publ. Co., Menlo
Park CA, p. 45, (1980).



US 8,163,522 B1
Page 3

Baglioni et al., Binding of Human Tumor Necrosis Factor to High
Affinity Receptors on Hel.a and Lymphoblastoid Cells Sensitive to
Growth Inhibition, J. Biol. Chem., 260:13395-13397 (1985).
Benjamini et al., Antibody Structure, in Immunology: A Short
Course, 3rd ed., Wiley-Liss New York, 61-69 (1996).

Branellec et al., TNF: Antitumoral Agent at the Border Lines of
Immunity and Inflammation, Path. Biol., 39:230-239 (1991).
Brockhaus et al., Identification of Two Types of Tumor Necrosis
Factor Receptors on Human Cell Lines by Monoclonal Antibodies,
Proc. Natl. Acad. Sci. USA, 87:3127-3131 (1990).

Carter et al., Purification, Cloning, Expression and Biological Char-
acterization of an Interleukin-1 Receptor Antagonist Protein, Nature,
344:633-638 (1990).

Carpenter et al., Epidermal Growth Factor, J. Biol. Chem., 265:7709-
7712 (1990).

Carpenter, Receptors for Epidermal Growth Factor and Other
Polypeptide Mitogens, Ann. Rev. Biochem., 56:881-914 (1987).
Casadei et al., Expression and Secretion of Aequorin as a Chimeric
Antibody by Means of a Mammalian Expression Vector, Proc. Natl.
Acad. Sci., U.S.A. 87:2047-2051 (1990).

Coffman et al., The Role of Helper T Cell Products in Mouse B Cell
Differentiation and Isotype Regulation, Immunol. Rev., 102:5-28
(1988).

Creasey et al., A High Molecular Weight Component of the Human
Tumor Necrosis Factor Receptor is Associated With Cytotoxicity,
Proc. Natl. Acad. Sci. USA, 84:3293-3297 (1987).

Dayer, Chronic Inflammatory Joint Diseases: Natural Inhibitors of
Interleukin 1 and Tumor Necrosis Factor o, J. Rheumatol, 18 (Suppl.
27): 71-75 (1991).

Dower et al., Human Cytokine Receptors, J. Clin. Immunol., 10:289-
299 (1990).

Eisenberg et al., Primary Structure and Functional Expression From
Complementary DNA of a Human Interleukin-1 Receptor Antago-
nist, Nature, 343:341-346 (1990).

Ellison et al., The Nucleotide Sequence of a Human Immunoglobulin
Cyl Gene, Nucleic Acids Res. 10(13): 4071-79 (1982).

Esmon, The Roles of Protein C and Thrombomodulin in the Regu-
lation of Blood Coagulation, J. Biol. Chem., 264:4743-4746 (1989).
European Search Report for EP 97 12 0664, dated Mar. 9, 1998.
Fell et al., Genetic Construction and Characterization of a Fusion
Protein Consisting of a Chimeric F(ab’) With Specificity for Carci-
nomas and Human IL.-2, J. Immunol., 146:2446-2452 (1991).
Fernandez-Botran et al., A Soluble, High-Affinity, Interleukin-4-
Binding Protein is Present in the Biological Fluids of Mice, Proc.
Natl. Acad. Sci., 87:4202-4206 (1990).

Fernandez-Botran, Soluble Cytokine Receptors: Their Role in
Immunoregulation, The FASEB Journal, 5:2567-2574 (1991).
Ferrante et al., Inhibition of Tumour Necrosis Factor Alpha (TNF-
a)-Induced Neutrophil Respiratory Burst by a TNF Inhibitor, Immu-
nology, 72:440-442 (1991).

Fisher et al., Cloning and Expression of Human Tissue Factor cDNA,
Thrombosis Research, 48:89-99 (1987).

Fisher et al., Treatment of Septic Shock with the Tumor Necrosis
Factor Receptor: Fc Fusion Protein, New Eng. J. Med., 334:1697-
1702 (1996).

Foley et al., An Inhibitor of the Toxicity of Tumour Nectrosis Factor
in the Serum of Patients with Sarcoidosis, Tuberculosis and Crohn’s
Disease, Clin. Exp. Immunol, 80:395-399 (1990).

Fomsgaard et al., Preliminary Study on Treatment of Septic Shock
Patients With Antilipopolysaccharide IgG from Blood Donors,
Scand. J. Infect. Dis., 21:697-708 (1989).

Garcia et al., High Sensitivity of Transgenic Mice Expressing Soluble
TNFRI1 Fusion Protein to Mycobacterial Infections: Synergistic
Action of TNF and IFN-y in the Differentiation of Protective Granu-
lomas, Eur. J. Immunol., 27:3182-3190 (1997).

Gascoigne et al., Secretion of a Chimeric T-Cell Receptor-Im-
munoglobulin Protein, Proc. Natl. Acad. Sci USA, 84:2936-2940
(1987).

Gehr et al., Both Tumor Necrosis Factor Receptor Types Mediate
Proliferative Signals in Human MononuClear Cell Activation, J.
Immunol., 149:911-917 (1992).

Gillies et al., Targeting Human Cytotoxic T Lymphocytes to Kill
Heterologous Epidermal Growth Factor Receptor-Bearing Tumor
Cells, J. Immunol., 144:1067-1071 (1991).

Goodman, Identification of Antigenic Determinants, in Basic &
Clinical Immunol., 24-25 (1982).

Goodman, Immunogenicity & Antigenic Specificity, in Basic &
Clinical Immunol., 101-108 (1991).

Goodwin et al., Molecular cloning and Expression of the Type 1 and
Type 2 Murine Receptors for Tumor Necrosis Factor, Molecular and
Cellular Biology, 11:3020-3026 (1991).

Gray et al, Cloning and Expression of ¢cDNA for Human
Lymphotoxin, a Lymphokine With Tumour Necrosis Activity,
Nature, 312:721-724 (1984).

Gray et al., Cloning of human tumor necrosis factor (TNF) receptor
c¢DNA and expression of recombinant soluble TNF-binding protein,
Proc. Natl. ACad. Sci. 87: 7380-84 (1990).

Grundmann et al., Characterization of ¢cDNA Coding for Human
Factor Xllla, Proc. Natl. Acad. Sci. USA, 83:8024-8028 (1986).
Haak-Frendscho et al., Inhibition of TNF by a TNF Receptor
Immunoadhesin, J. Immunol., 152:1347-1353 (1994).

Hannum et al., Interleukin-1 Receptor Antagonist Activity of a
Human Interleukin-1 Inhibitor, Nature, 343:336-340 (1990).

Heflin et al., Prevention by Granulocyte Depletion of Increased Vas-
cular Permeability of Sheep Lung Following Endotoxemia, J. Clin.
Invest., 68:1253-1260 (1981).

Heller et al., Amplified Expression of Tumor Necrosis Factor Recep-
tor in Cells Transfected With Epstein-Barr Virus Shuttle Vector
c¢DNA Libraries, J. Biol. Chem., 265:5708-5717 (1990).

Heller et al., Amplified Expression of. The Turrior Necrosis Factor
Receptor in Lymphoblastoid Cells Transfected with HelLa Cell-
CDNA Expression Abstract WA 142, Napa Valley Conference 1989.
Himmler et al., Molecular Cloning and Expression of Human and Rat
Tumor Necrosis Factor Receptor Chain (p60) and Its Soluble Deriva-
tive, Tumor Necrosis Factor-Binding Protein, DNA and Cell Biology,
9:705-715 (1990).

Hobart, The Immune System: A Course on the Molecular and Cel-
lular Basis of immunity, Blackwell Scientific Pubs, p. 7 (1975).
Holtmann et al., Down Regulation ofthe Receptors for Tumor Necro-
sis Factor by Intereukin 1 and 4p-Phorbol-12-Myristate-13-Acetate,
J. Immunol., 139:1161-1167 (1987).

Hsu et al., Differential Expression and Ligand Binding Properties of
Tumor Necrosis Factor Receptor Chimeric Mutants, J. Biol. Chem.,
268:16430-16436(1992).

Idzerda et al., Human Interleukin 4 Receptor Confers Biological
Responsiveness and Defines a Novel Receptor Superfamily, J. Exp.
Med., 171:861-873 (1990).

Imamura et al., Expression of Tumor Necrosis Factor Receptors on
Human Monocytes and Internalization of Receptor Bound Ligand, J.
Immunol., 139:2989-2992 (1987).

Ishikura et al., Differential Biologic Effects Resulting From Bimodal
Binding of Recombinant Human Tumor Necrosis Factor to Myeloid
Leukemia Cells, Blood, 73:419-424 (1989).

Israel et al., Binding of Human TNF-a to High-Affinity Cell Surface
Receptors: Effect of IFN, Immunology Letters, 12:217-224(1986).
Jacobs et al., Pharmacokinetic Parameters and Biodistribution of
Soluble Cytokine Receptors, International Review of Expermental
Pathology, 34B:123-135 (1993).

Jones et al, Structure of Tumour Necrosis Factor, Nature, 338:225-
228 (1989).

Kaczmarski et al., The Cytokine Receptor Superfamily, Blood
Reviews, 5:193-203 (1991).

Kaushansky, Structure-Function Relationships of the Hematopoietic
Growth Factors, Proteins: Structure, Function & Genetics, 12:1-9
(1992).

Keegan et al., The Interleukin-4 Receptor: Signal Transduction by a
Hematopoietin Receptor, Journal of Leukocyte Biology, 55:272-279
(1994).

Keegan et al., Interleukin 4 Receptor: Signaling Mechanisms, Immu-
nology Today, 15:423-432 (1994).

Kleinau et al., Importance of CD23 for Collagen-Induced Arthritis:
Delayed Onset and Reduced Severity in CD23-Deficient Mice, J.
Immunol., 162:4266-4270 (1999).



US 8,163,522 B1
Page 4

Klinkert et al., TNF-a Receptor Fusion Protein Prevents Experimen-
tal Auto-Immune Encephalomyelitis and Demyelination in Lewis
Rats: an Overview, The Journal of Neuroimmunology, 72:163-168
(1997).

Kohno et al., A Second Tumor Necrosis Factor Receptor Gene Prod-
uct Can Shed a Naturally Occurring Tumor Necrosis Factor Inhibitor,
Proc. Natl. Acad. Sci. USA, 87:8331-8335 (1990).

Kruse et al., Conversion of Human Interleukin-4 Into a High Affinity
Antagonist by a Single Amino Acid Replacement, The EMBO Jour-
nal, 11:3237-3244 (1992).

Kull et al., Cellular Receptor for '*°I-Labeled Tumor Necrosis Fac-
tor: Specific Binding, Affinity Labeling, and Relationship to Sensi-
tivity, Proc. Natl. Acad. Sci. USA, 82:5756-5760 (1985).

Landolfi, A Chimeric IL-2/Ig Molecule Possesses the Functional
Activity of Both Proteins, J. Immunol., 146:915-919 (1991).
Langner et al., Structural and Functional Analysis of a TNF Receptor-
Immunoglobulin Fusion Protein, New Advances on Cytokines, 349-
354 (1992).

Leberthon et al., Enhanced Tumor Uptake of Macromolecules
Induced by a Novel Vasoactive Interleukin 2 Immunoconjugate, Can-
cer Research, 51:2694-2698 (1991).

Lesslauer et al., Recombinant Soluble Tumor Necrosis Factor Recep-
tor Proteins Protect Mice From Lipopolysaccharide-Induced Lethal-
ity, Eur. J. Immunol., 21:2883-2886 (1991).

Liabakk et al., A Rapid and Sensitive. Immunoassay for Tumor
Necrosis Factor Using Magnetic Monodisperse Polymer Particles,
Journal of Immunological Methods, 134:253-259 (1990).
Loetscher et al., Efficacy of a Chimeric TNFR-IgG Fusion Protein to
Inhibit TNF Activity in Animal Models of Septic Shock, Endotoxin
Research Series, 2:455-462 (1993).

Loetscher et al., Two distinct human TNF receptors: purification,
molecular cloning and expression, in Tumor Necrosis Factor: Struc-
ture-Function Relationship and Clinical Application, (3" Interna-
tional Conference.

Maliszewski et al., Cytokine Receptors and B Cell Functions:
Recombinant Soluble Receptors Specifically Inhibit IL-1 and IL.-4
Induced. Cell Activities in Vitro, J. Immunol., 144:3028-3033(1990).
Mohler et al., Soluble Tumor Necrosis Factor (TNF) Receptors are
Effective Therapeutic Agents in Lethal Endotoxemia and Function
Simultaneously as Both TNF Carriers and TNF Antagonists, J.
Immunol., 151:1548-1561 (1993).

Mori etal., Attenuation of Collagen-Induced Arthritis in 55-kDa TNF
Receptor Type 1 (TNFRI1)-IgGl-Treated and TNFR1-Deficient
Mice, J. Immunol., 157:3178-3182 (1996).

Morrissey et al., Molecular Cloning of the cDNA for Tissue Factor,
the Cellular Receptor for the Initiation of the Coagulation Protease
Cascade, Cell: 50:129-135 (1987).

Morrison, in Vitro Antibodies: Strategies for Production and Appli-
cation, Annu. Rev. Immunol., 10:239-265 (1992).

Mosley et al., The Murine Interleukin-4 Receptor: Molecular Clon-
ing and Characterization of Secreted and Membrane Bound Forms,
Cell: 59:335-348 (1989).

Nophar et al., Soluble Forms of Tumor Necrosis Factor Receptors
(TNF-Rs). The ¢cDNA for the Type I TNF-R, Cloned Using Amino
Acid Sequence Data of its Soluble Form, Encodes Both the Cell
Surface and a Soluble Form of the Receptor, The EMBO Journal,
9:3269-3278 (1990).

Novotny et al., A Soluble, Single-Chain T-Cell Receptor Fragment
Endowed With Antigen-Combining Properties, Proc. Natl. Acad. Sci.
USA, 88:8646-8650 (1991).

Okayama et al., High-Efficiency Cloning of Full-Length ¢cDNA,
Molecular and Cellular Biology, 2:161-170 (1982).

Okayama et al., A cDNA Cloning Vector That Permits Expression of
¢DNA Inserts in Mammalian Cells, Molecular and Cellular Biol-
0gy,..3:280-289 (1983).

Old, Tumor Necrosis Factor, 2nd Intl Conference on Tumor Necrosis
Factor & Related Cytokines, Napa, CA, 1-30 (1989).

Paborsky et al., Purification of Recombinant Human Tissue Factor,
Biochemistry, 28:8072-8077 (1989).

Parrillo, Pathogenetic Mechanisms of Septic Shock, New Eng. J.
Med., 328:1471-1477 (1993).

Peetre et al., A Tumor Necrosis Factor Binding Protein is Present in
Human Biological Fluids, Eur. J. Haematol. 41:414-419 (1988).

Pennica et al., Human Tumour Necrosis Factor: Precursor Structure,
Expression and Homology to Lymphotoxin, Nature, 312:724-729
(1984).

Peppel et al., Chimaeric TNF-Receptor—IgG Molecule Acts As
Soluble Inhibitor of TNF Mediated Cytotoxicity, J. Cell. Biochem.,
Supp. 15F:439 (1991).

Piguet et al., Evolution of Collagen Arthritis in Mice is Arrested by
Treatment With Anti-Tumor Necrosis (TNF) Antibody or a Recom-
binant Soluble TNF Receptor, Immunology, 77 (4):510-514 (1992).
Redfield et al., Secondary Structure and Topology of Human
Interleukin 4 in Solution, Biochemistry, 30:11029-11035 (1991).
Rubin, Binding Receptor Characters Zako and Expression, and
IntracellularEvents. 2nd Intl Conference on Tumor Necrosis Factor
& Related Cytokines, Napa, CA, 94-96 (1989).

Ruddle et al., An Antibody to Lymphotoxin and Tumor Necrosis
Factor  Prevents  Transfer of  Experimental  Allergic
Encephalomyelitis, J. Exp. Med., 172:1193-1200 (1990).

Rutka et al., The Effects of Human Recombinant Tumor Necrosis
Factor on Glioma-Derived Cell Lines: Cellular Proliferation,
Cytotoxicity, Morphological and Radioreceptor Studies, Int. J. Can-
cer., 41:573-582 (1988).

Saxne et al.; Detection of Tumor Necrosis Factor oo But Not Tumor
Necrosis Factor (3 in Rheumatoid Arthritis Synovial Fluid and Serum,
Arthritis & Rheumatism, 31:1041-1045 (1988).

Scallon of al., Functional Comparisons of Different Tumour Necrosis
Factor Receptor/IgG Fusion Proteins, Cytokine, 7:759-770 (1995).
Scarpati et al., Human Tissue Factor, cDNA Sequence and Chromo-
some Localization of the Gene, Biochemistry, 26:5234-5238 (1987).
Schleiffenbaum et al., The Tumor Necrosis Factor Receptor and
Human Neutrophil Function, J. Clin. Invest., 86:184-195 (1990).
Schnee et al., Construction and Expression of a Recombinant Anti-
body-Targeted Plasminogen Activator, Proc. Natl. Acad. Sci. USA,
84:6904-6908 (1987).

Seckinger et al., A Human Inhibitor of Tumor Necrosis Factor o, J.
Exp. Med. 167:1511-1516 (1988).

Shalaby et al., Receptor Binding and Activation of Polmorphonuclear
Neutrophils by Tumor Necrosis Factor-Alpha, Joumal of Leukocyte
Biology, 41:196-204 (1987).

Shalaby et al., Binding and Regulation of Cellular Function by
Monoclonal antibodies Against Human Tumor Necrosis Factor
Receptors, J. Exp. Med. 172: 1517-1520 (1990).

Sheehan et al., Generation and Characterization of Hamster
Monoclonal Antibodies That Neutralize Murine Tumor Necrosis
Factors, Journal of Immunology, 142:3884-3893 (1989).

Shin et al., Expression and Characterization of an Antibody Binding
Specificity Joined to Insulin-Like Growth Factor 1: Potential Appli-
cations for Cellular Targeting, Proc. Natl. Acad. Sci., 87:5322-5326
(1990).

Sims et al., cDNA Expression Cloning of the IL-1 Receptor, a Mem-
ber of the Immunoglobulin Superfamily, Science, 241:585-589
(1988).

Sims et al., Cloning the Interleukin 1 Receptor From Human T Cells,
Proc. Natl. Acad. Sci., 86:8946-8950 (1989).

Smith et al.; The Active Form of Tumor Necrosis Factor Is a Trimer,
J. Biol. Chem., 262:6951-6954 (1987).

Smith et al., Blocking of HIV-1 Infectivity by a Soluble, Secreted
Form of the CD4 Antigen, Science, 238:1704-1707 (1987).

Smith et al., Multimeric Structure of the Tumor Necrosis Factor
Receptor of HeLa Cells, J. Biol. Chem., 264:14646-14652 (1989).
Spicer et al., Isolation of cDNA Clones Coding for Human Tissue
Factor: Primary Structure of the Protein and cDNA, Proc. Natl. Acad.
Sci., 84:5148-5152 (1987).

Staines et al., Collagen Arthritis-What Can It Teach Us?, British
Journal of Rheumatology, 33:798-807 (1994).

Strader et al., Structural Basis of f-Adrenergic Receptor Function,
The FASEB Journal, 3:1825-1832 (1989).

Suggs et al., Use of Synthetic Oligonucleotides as Hybridization
Probes: Isolation of Cloned ¢DNA Sequences for Human
B,-Microglobulin, Proc. Natl. Acad. Sci. U.S.A., 78:6613-6617
(1981).

Tauber et al:, Toxicity in Neuronal Cells Caused by Cererospinal
Fluid fFom Pneumococcal and Gram-Negative Meningitis, The Jour-
nal of Infectious Diseases, 166:1045-1050 (1992).



US 8,163,522 B1
Page 5

Thoma et al., Identification of a 60-kD Tumor Necosis Factor (TNF)
Receptor as the Major Signal Transducing Component in TNF
Responses, J. Exp. Med. 172: 1019-23 (1990).

Tsujimoto et al., Characterization and Affinity Crosslinking of
Receptors for Tumor Necrosis Factor on Human Cells, Archives of
Biochemistry and Biophysics, 249:563-568 (1986).

Tsujimoto et al, Interferon-y Enhances Expression of Cellular Recep-
tors for Tumor Necrosis Factor, J. Immunol., 136:2441-2444 (1986).
Tsujimoto et al, Tumor necrosis factor: specific binding and internal-
ization in sensitive and resistant cells, Proc. Natl. Acad. Sci. 82:
7626-30 (1985).

Ulich et al.,, Intratracheal Administration of Endotoxin and
Cytokines, Clinical Immunology & lmmunopathology., 72:137-140
(1994).

Unglaub et al., Downregulation of Tumor Necrosis Factor (TNF)
Sensitivity Via Modulation of TNF Binding Capacity by Protein
Kinase C Activators, J. Exp. Med. 166:1788-1797 (1987).

Van Der Poll et al., Pretreatment with a 55-kDa Tumor Necrosis
Factor Receptor—Immunoglobulin Fusion Protein Attenuates Acti-
vation of Coagulation, but not of Fibrinolysis, during Lethal
Bacteremia in Baboons, The Journal of Infectious Diseases.,
176:296-299 (1997).

Van Zee et al., Protection Against Lethal Escherichia coil Bacteremia
in Baboons (Papio anubis) by Pretreatment With a 55-kDa TNF
Receptor (CD120a)-Ig Fusion Protein, Ro 45-2081, J. Immunol.,
156:2221-2230 (1996).

Wallach et al., Soluble and Cell Surface Receptors for Tumor Necro-
sis Factor, Progress, Inflammation Research & Therapy, 51-57
(1991).

Wallach et al., Cell surface and soluble TNF receptors, in Tumor
Necrosis Factor: Structure-Function Relationship and Clinical Appli-
cation, (3" International Conference on Tumor Necrosis Factor and
Related Cytokines, Makuhari, Chiba, Nov. 21-25, 1990), Osawaand
Bonavida, eds., Basel, Karger, pp. 47-57 (1992).

Wilks, The CD4 Receptor: Post Binding Events, Conformational
Change and the Second Site, Molec. Aspects Med., 12:255-265
(1991).

Yamasaki et al., Cloning and Expression of the Human Interleukin-6
(BSF-2/IFNP 2) Receptor, Science, 241:825-282 (1988).

Yonehara et al., A Cell-Killing Monoclonal Antibody (Anti-Fas) to a
Cell Surface Antigen Co-Downregulated With the Receptor of Tumor
Necrosis Factor, J. Exp. Med., 169:1747-1765 (1989).

Yoshie et al., Binding and Crosslinking of ' >*I-Labeled Recombinant
Human Tumor Necrosis Factor to Cell Surface Receptors, J.
Biochem., 100: 531-541(1986).

Brower et al. Roche’s RA Drug Crippled, Nature Biotechnology,
15:1325 (1997).

Nesbitt, et al., “Mechanism of Action of Certolizumab Pegol
(CDP870): In Vitro Comparison with Other Anti-tumor Necrosis
Factor a Agents”, Inflamm Bowel Dis, 13: 1323-1332 (Nov. 2007).
Barone et al., Comparative Analysis of the Ability of Etanercept and
Infliximab to Lyse TNF-Expressing Cells in a Complement Depen-
dent Fashion. Arthritis Rheum., 42(9) supplement, Sep. 1999 (S90).
Bringman et al., Monoclonal antibodies to human tumor necrosis
factors alpha and beta: application for affinity purification,
immunoassays, and as structural probes. Hybridoma, 6(5):489-507
(1987).

Byrn et al., Biological properties of a CD4 immunoadhesin. Nature,
344:667-70 (1990).

Capon et al., Designing CD4 immunoadhesins for AIDS therapy.
Nature, 337:525-31 (1989).

Cosman etal., A new cytokine receptor superfamily. Trends Biochem.
Sci. 15:265-70 (1990).

Deen et al. A soluble form of CD4 (T4) protein inhibits AIDS virus
infection. Nature, 331(6151): 82-4 (1988).

Dembic et al., Two Human TNF receptors have similar extracellular,
but distinct intracellular, domain sequences. Cyfokine 2: 231-237,
1990).

Berke, Functions and mechanisms of lysis induced by cytotoxic T
lymphocytes and natural killer cells. Fundamental Immunology, 2nd
Edition, Paul, ed., Raven Press, New York, pp. 735-64 (1989).

Heller et al., Complementary DNA cloning of a receptor for tumor
necrosis factor and demonstration of a shed form of the receptor.
Proc. Natl. Acad. Sci USA, 87:6151-5 (1990).

Irwin et al, Affinity precipitation methods, Chapter 22, Methods in
Molecular Biology, 59: 217-38 (1996).

Khare et al, Mechanisms of cell death induced by tumor necrosis
factor antagonists. Poster 715 presented at the Annual Meeting of the
Society for Investigative Dermatology (SID), May 3-5, 2006, Phila-
delphia, PA.

Kohno et al., Adalimumab and Infliximab bind to Fc-receptor and
Clq and generate immunoprecipitation: A different mechanism from
Etanercept. Presentation 1495, Poster 271, presented at the American
College of Rheumatology Annual Meeting, Nov. 13-17, 2005, San
Diego, CA.

Larsson et al., Affinity precipitation of enzymes. FEBS Lett.
98(2):333-8 (1979).

Mohler et al., Soluble tumor necrosis factor (TNF) receptors are
effective therapeutic agents in lethal endotoxemia and function
simultaneously as both TNF carriers and TNF antagonists. J.
Immunol., 151:1548-61 (1993).

Sell, Immunology, Immunopathology and Immunity, 4" Edition,
Elsevier Science Publishing Co., New York, 1987, at pp. 85-91.
Smith et al., Multimeric structure of the tumor necrosis factor recep-
tor of HeLa cells. J. Biol. Chem. 262:6951-4 (1987).

Smith et al., A receptor for tumor necrosis factor defines an unusual
family of cellular and viral proteins. Science, 248:1019-23 (1990).
Traunecker et al., Highly efficient neutralization of HIV with recom-
binant CD4-immunoglobulin molecules. Nature, 339:68-70 (1989).
Williams et al., Identification of a ligand for the c-kit proto-oncogene.
Cell, 63: 167-74 (1990).

Wingfield et al., Tumour necorsis factor is a compact trimer. FEBS
Lett. 211: 179-84 (1987).

Evans et al., Protective effect of 55- but not 75-kD soluble tumor
necrosis factor receptor-immunoglobulin G fusion proteins in an
animal model of gram-negative sepsis. J. Exp. Med. 180: 2173-9
(1994).

Exhibit A: Memorandum by D. Urdal to S. Gillis, M. Kranda, and P.
Grassam, dated Oct. 27, 1989.

Exhibit B: Correspondence from D. Urdal to L. Lauffer dated Feb. 26,
1990.

Exhibit C: Lab Notebook of E. Jeffrey, pages dated May 1990
through Jan. 1991.

Exhibit D: Correspondence from L. Lauffer to D. Urdal, dated May
21, 1990.

Exhibit E: Meeting minutes, Immunex employee (author unknown)
to file, dated Jun. 25, 1990.

Exhibit F: Lab notebook of Terri Davis, pages dated Jul. 11, 1990.
Exhibit G: Letter from M. Deeley to L. Lauffer, dated Jul. 20, 1990.
Exhibit H: Meeting minutes, Immunex employee (author unknown)
to file, dated Jul. 23, 1990.

Exhibit I Correspondence from Drs. Seiler and Zeittmeissl to D.
Gillis, dated Aug. 8, 1990.

Exhibit J (J1-J21): Declaration of Bruce A. Beutler, Karsten Peppel,
and David F. Crawford submitted to the USPTO on Jul. 16, 1993
during the prosecution of U.S. Appl. No. 07/862.,495, filed Apr. 2,
1992 (issued as US 5,447,851 naming inventors B. Beutler, K. Pep-
pel, and D. Crawford), including exhibits J-1-J21, which were sub-
mitted with the declaration.

Exhibit K: Confirmation page from D. Urdal to P. Oquendo, dated
Oct. 4, 1990.

Letter from J. Thomas to L. Lauffer dated Dec. 10, 1990.

Memo from J. Thomas to P. Baum, D. Cosman, M. Deeley, R.
Goodwin, S. Gillis, H. Sassenfeld, and D. Urdal, dated Dec. 17, 1990,
conveying attached facsimile received Dec. 13, 1990 from L. Lauffer
to J. Thomas.

Declaration of Taruna Arora under 37 C.FR. § 1.132 plus Exhibits
A-D dated Dec. 16, 2010, filed in sister case U.S. Appl. No.
08/444,790 (which was filed on May 19, 1995, inventors M.
Brockhaus, Z. Dembic, R. Gentz, W. Lesslauer, H. Loetscher, E.
Schlaeger, hereinafter “U.S. Appl. No. 08/444,7907).

Aroraet al., “Differences in Binding and Effector Functions Between
Classes of TNF Antagonists,” Cytokine 45: 124-131 (2009).



US 8,163,522 B1
Page 6

Arruffo et al., “CD44 Is the Principal Cell Surface Receptor for
Hyaluronate,” Cell 61: 1303-1313 (1990).

Brennan et al., “Inhibitory Effect of TNFo Antibodies on Synovial
Cell Interleukin-1 Production in Rheumatoid Arthritis,” Lancet
2(8657): 244-247 (1989).

Chan et al., “A Domain in TNF Receptors That Mediates Ligand-
Independent Receptor Assembly and Signaling,” Science 288: 2351-
2354 (2000).

Engelmann et al., “Two Tumor Necrosis Factor-binding Proteins
Purified from Human Urine,” J. Biol. Chem. 265(3): 1531-36 (1990).
Mitoma et al., “Mechanisms for Cytotoxic Effects of Anti-Tumor
Necrosis Factor Agents on Transmembrane Tumor Necrosis Factor
a-Expressing Cells,” Arthr. & Rheum. 58(5): 1248-1257 (2008).
Novick et al., “Soluble Cytokine Receptors Are Present in Normal
Human Urine,” J. Exp. Med., 170: 1409-1414 (1989).

Shalaby et al., The Involvement of Human Tumor Necrosis Factors-o.
and -f} in the Mixed Lymphocyte Reaction, J. Immunol. 141:499-503
(1988).

Smith and Baglioni, “Multimeric Structure of the Tumor Necrosis
Factor Receptor of HeLa Cells,” J. Biol. Chem. 264: 14646-14652
(1989).

Strand et al., “Biologic Therapies in Rheumatology: Lessons
Learned, Future Directions,” Nature Rev. 6: 75-92 (2007).
Strangfeld et al., “Risk of Herpes Zoster in Patients with Rheumatoid
Arthritis Treated with AntiTNF-o Agents,” JAMA 301(7): 737-744
(2009).

Wallis et al., “Reactivation of Latent Granulomatous Infections by
Infliximab,” Clin. Inf. Dis. 41(Suppl 2): S1-S5 (2005).

Wallis et al., “Granulomatous Infectious Diseases Associated with
Tumor Necrosis Factor Antagonists,” Clin. Inf. Dis. 38: 1261-1265
(2004).

Watson et al., “A Homing Receptor—IgG Chimera as a Probe for
Adhesive Ligands of Lymph Node High Endothelial Venules,” J. Cell
Biol. 110: 2221-2229 (1990).

Winzor et al., “Evaluation of Equilibrium Constants from Precipitin
Curves: Interaction of a-Crystallin with an Elicited Monoclonal
Antibody,” Arch. Biochem. Biophys. 268(1): 221-226 (1989).

Furst et al. “Tumor Necrosis Factor Antagonists: Different Kinetics
and/or Mechanisms of Action may Explain Differences in the Risk
for Developing Granulomatous Infection,” Semin. Arthritis Rheum.
36(3):159-67. (2006).

United States Adopted Names (USAN) Council Report, Clin. Pharm.
& Ther., vol. 66, No. 2, Aug. 1999, p. 209.

Feldmann et al., “Cytokine production in the theumatoid joint: impli-
cations for treatment,” Ann. Rheum. Dis. 49: 480-486 (1990).
Hoogenboom et al., “Construction and Expression of Antibody-Tu-
mor Necrosis Factor Fusion Proteins,” Molecular Immunol. 28(9):
1027-1037 (1991).

US 6,224,867, 05/2001, Smith et al. (withdrawn)

* cited by examiner



US 8,163,522 B1

Sheet 1 of 16

Apr. 24,2012

U.S. Patent

YVOLOVOOLLVYLLYDO9DDVY.LOVIOVYOVYOOVIOLIOODLOLOLODIOYIVODDIIVOOLD
nioassdaLalAsTHRavIALUuTOUSYSATRaIYSADAT9sADTeATyLdsybaydsyTeA

YOVIOLLOLLOLOLYOVYODLOOVOLODDLYVYDOVYYDDDDLYYYIOLIDLODOVOLODOL
IYLSADIDSISSOTINTOTRAUTOHATOISNNTOsATDaysADsATaagsAHaagnarrsi)

OYOVOVYILIIVIIVYYYOVILILIDIIVILLIDLIODIOVOVYDLOLOVIOOITIOLOVIOIY
STHDIYNS IS THUSYNTOIDSRTYIYULRUJIDSATOIOSNTHSADNTHDbaysADdsyayy

LYDDVIDODDIIIDDIVIILOLOVILVVOVLILLIOVLOOY VYOOV YOVOIDLOVYOOIYLOL
dsyuToiTooxdgATooxdsiydsyusvIALnNoTIALIUYLATOSATS THSADsATayLsi)D

DOLLIVOILLVYVYLVYYVOLODOYOOLY LY LYVYVVYDIOVVYOODOLOLOLODLOVYILVOVOVOVY
SADOTIAIOSUSYUSYUTIHOIISTHOTITIALSATATOUTHOIgSADTRATOSdSYDIYSAT
. C exx . . . .
DVODOVOVODOIDVLODOVYILOIDILODLIOVOILLYLLODDIOVOLIOOOOVLYLYYODIDLODLL
nT9baydsyATONS TS THOIJTRANSTATOOTITRAATDIOSOIGIALSTIATOTRANST
. . . I+ . . .
OLOOYODLIOILIDLODLIDIDIDLIDLIODLIIVILIDDLIODIVIDLIOLIIDDDILYIDOLOL
narTnToONSTNOTTRANDTOIgND TN TNOTASYOIJTRAIYLISSNOTATO IO

. . . . . - gz—
DIDOVYLYDD9DVYOVILOVOODODDLYYVIDDOVOLIIIDLIOYIVYIDDLIDDDDLIOVYIOVDD
DIOYVYODDIDILOVOOIVIOVOVIOLOILOIVDODLLOVIOIOYYIDOIVILOLIOVYDLOOD
YYOLOLOYDDIIDLYLOLILYDLIOODIOVOOVIODLOVOLYDVYVYDLLODDOODODIDILILYYD

VI Hd40DI4

GGt
06

S6¢
oL

Gec
0S

SLT
o€

STT
0T

3]

01-

0e-

G9-

GCT-
S8T-



US 8,163,522 B1

Sheet 2 of 16

Apr. 24,2012

U.S. Patent

D9OYIILOVIIIILOVILILIDVYIIOVYYIIIIDDLIDIIOVVILOVLOVIOVYOOVVOLLD SLL
A1901d1YL01dI959YJISS0IJUSYOIJRTYNSTOIJSATIYLIYLIYLATONTONST 0ET

* X X
DVODDOIDONVIWVVYYODLIIVOVDILYYVDODLOLLLIOLLYIDDLOYLOLODVY DO LOYYDIL
noATonTosATnTooagayraossiAtTATosADTeAoTIaosIALnoTsATaeossAtdrL

DOOYYOOVLODDLYLOLVYLLLOODLLYDLLOLIODLIDILYLLLLOODDLLLOLODLLLOLL
bayuroaAzpbavaliliopnoTATOSTISUdNeINSTISSNSTNSTSADNSTATOHSUJD2UT

LI¥DIOOIIIDIDLIOLIDIOVYIYIIYIOOVYILIVYIOYDLOYIIIOVYLIOLVYOYDLLY
STITRANSTOIGNSINSTTRAIYLIYLATOIDSdsYNTOIYLATOSATTRAUSYNTDSTI

DYDIIIVLIIDILILILOVYYDOVIILOVYIDLOIODOTVVVOVYLOLOYVYLOVLOLOOLIOLOLIL
uroHoagnerrsionarsiATayrsAonToneraassiAtsATsAgusyaagsApaasTeAsA)

OYOIVYYVYOVOVYILOLLLILLIOOVYIOLYIIOLIIVIOLOLOIOVIVYOVIVYYOTIOVD
nToUSYNTHOIYNSTOYUIFOUJATORTYS THSADIYLSADTRATIYLUSYUTOSATINTHUTD

IIDLIILILIIYIILIDIOIVIDIDILYVILIIDLILIIIVIDLLYYILLIIDLIVIOLLLLIOVY

SADIOSNOTS THIRAIULATOUSYNSTSADNOTISSSADUSYIYJSADUTHOIYJNSTUSY
’ ' Txxx ’ X¥¥ '

d1 H4NOIH

STL
01¢

999
06T

G649
OLT

GEg
0SaT

QLY
0€T

STV
01T



US 8,163,522 B1

Sheet 3 of 16

Apr. 24,2012

U.S. Patent

OYOILYIVYOOVOILIDDLIDDDLIDLIDVOILYIVOIDDILIDLOIODVDIDLIDLIOVD
nToeTIdsynTonarsAHATonaoTnardsyiondsybaynarTeabavATonaTnaInTo

DLODIYIIDOVDIDIDDIDIIDIVYIDIDDDDOYDDLIIVDIDDLIDILYIODVIVILYYIODID
noTayreTvnTobavbavorgayrbavbavbaydirIyre vnoIioNIoSIALUTORIY

DYDIDIDLIIDDLIDIDODDYYOVIODLIODVYDILIDIDDLYDILYIVIIYIIVIIOVYODILIODDD
nobayneTsiApbavATousyuronenonetbrydsyeTInTos THAsYIasnaTATH

YLOD929909LOJLIVYDOVYOOLODDDLILODDDIDDLOIVYOVOILODLIDIDIVLOLD
norbavbayreAaydnIosATdabryneTorgoIdIRAUSYNTOTRATRARTYIALNST

DIOVYODIDIDIIDVOLYILIVIVOYLIDOVOVIVIIOVYOVDDDDIOVIVOIVIODLOVYOVD
ayreivoxrddsvdsvayrdsynoTassurHoagsATsTtHeTvIosdsyniodairsATUuTd

LLODIDIVYYIDIDLYIDIIVDDILIDIDILIDIDYIVDIDLLIILYIIIDVILIDDDDOVD
NOTOIJUSYOIJOTIOIJAdSYIOSeTYNOTRIVIYLRTYNS IO TIOIJASYRIVATOUTD

LY LODDOYIIVOIDDLOOVYOYOVDODDIDILIODDIDLLILIVYEIIILOLIVILODIDIDIVYLYL
TAroagoxgeTvreAnTobavbavorgeTveIvoydqusvoaxdsAndsvATooxrdIyLIil

DOYDILIOVIDLOIVILILIOYOILLOYIDIDLOIIDILOVOLILIOODDLIDIVYIDIDOVOLL
IYLIDSIDSIDSIYLOYJIYLIDSIDSOIJTRACIFIDSIYUJATONOTIYLOIJIYLDYd

D1 HINODIA

9GcT
06¢

S6TT
oLE

SETT
0S¢

SLOT
otce

STOT
0TE

996
06c

568
oLe

GEs
0s<



US 8,163,522 B1

Sheet 4 of 16

Apr. 24,2012

U.S. Patent

JLLYVYODIOYY

VYV VY LLOVYYDLOLLVVYVY LOVOVYLYOVLOLLLLOVDDLODLODVYDDLODYOLLOIDDD
D9 LYYIOYVODIVIOVDDDDDIOVIODOVVYLIILOLIOVYIDLIOVYIOVLYIOVIOVYYIOVYODLID
DLOLIODDDLOLIOILOVYIODLLOVYVOV LYY LOVOVLLOLYOLYVOLYVYVY.LLLLLOLLLLYO
LLLLOLLLLOLLLLLYLLLLLLLLEDVIOOVYLYODLOVOVYILLLLLODOVOLIODILOIOLLY
91020099999 D1LI91LI9OVYIOVIIVILIDILOLODDLLLLODDIDILYDLIOIDILYILIODY
D9OVOILVYDOVIODILLILODILIODIDLOVILIDOVOVVYILIDODDLODDDDDLOOVOVOVYDDDDD
9I9IOILIDIOYILOTIYDIIDIIDDIDDIDLIDDILIOVILILLLLIOIVILYIOVILOLYDILIDD
OV LO9LODLLIOVYLIDDDDOVIOVLIOOVYDIVIOVVIDDDOVYIDLIDLODDOVDOVYYODL
OLLILLLLOVYIDIDYYDDLIDIDDLYOVYOIDLIDILOIDVYOOVVLILIOOVIDDDIDLIDDDD
DOLIODOVIOLYOVOLOLLOLOTEIDID9D9DDD9D20I2LI0I29209002099I29LLLIDIDOVD
bayneTneTIieagordeIvoIgoIdnoTeIveIVOIJATOSADneTRTYNTD

Al 44NDIH

ST6T
Q9G8T
S6LT
QELT
SLOT
Q191
9GSt
Sevl
SETI
QLET
STET
TV



U.S. Patent Apr. 24,2012 Sheet 5 of 16 US 8,163,522 B1

Figure 2A
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Figure 3
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HUMAN TNF RECEPTOR

This is a division of application Ser. No. 08/095,640, filed
Jul. 21, 1993; now U.S. Pat. No. 5,610,279, which is a con-
tinuation application of Ser. No. 07/580,013, filed Sep. 10,
1990, now abandoned. This application claims priority under
35U.S.C. §119 to application Ser. Nos. 3319/89, 746/90 and
1347/90, filed on Sep. 12, 1989, Mar. 8, 1990 and Apr. 20,
1990, respectively, all in Switzerland. This application also
claims priority under 35 U.S.C. §119 to European Patent
Application Number 90116707.2 (now Patent Number EP
0417563), filed Aug. 31, 1990.

BACKGROUND OF THE INVENTION

Tumor necrosis factor . (INFa, also cachectin), discov-
ered as a result of its haemorragic-necrotizing activity on
certain tumors, and lymphotoxin (ITNFf) are two closely
related peptide factors [3] from the class of lymphokines/
cytokines which are both referred to hereinafter as TNF [see
references 2 and 3]. TNF possesses a broad cellular spectrum
of activity. For example, TNF has inhibitory or cytotoxic
activity on a series of tumor cell lines [2, 3], stimulates the
proliferation of fibroblasts and the phagocytic/cytotoxic
activity of myeloic cells [4, 5, 6], induces adhesion molecules
in endothelial cells or exerts an inhibitory activity on the
endothelium [7, 8, 9, 10], inhibits the synthesis of specific
enzymes in adipocytes [11] and induces the expression of
histocompatibility antigens [12]. Many of these TNF activi-
ties are produced via induction of other factors or by syner-
gistic effects with other factors such as interferons or inter-
leukins [13-16].

TNF is involved in pathological conditions such as shock
states in meningococcal sepsis [17], the development of
autoimmune glomerulonephritis in mice [18] and cerebral
malaria in mice [19] and human beings [41]. The toxic effects
of endotoxin appear to be mediated by TNF [20]. Further-
more, TNF can trigger interleukin-1 fever [39]. On the basis
of its pleiotropic functional properties, TNF in interaction
with other cytokines is involved in additional pathological
conditions as a mediator of immune response, inflammation,
and other processes.

These biological effects are mediated by TNF via specific
receptors. According to present knowledge not only TNFa,
but also TNFf bind to the same receptors [21]. Different cell
types differ in their number of TNF receptors [22, 23, 24].
Generally known TNF-binding proteins (I NF-BP) have been
detected by covalent bonding to radioactively labelled TNF
[24-29], and the following apparent molecular weights of the
TNF/TNF-BP complexes obtained have been determined to
be: 95/100kD and 75 kD [24], 95 kD and 75 kD [25], 138 kD,
90 kD, 75 kD and 54 kD [26], 100+5 kD [27], 97 kD and 70
kD [28] and 145 kD [29]. One such TNF/TNF-BP complex
was isolated by anti-TNF-antibody immune affinity chroma-
tography and preparative SDS-polyacrylamide gel electro-
phoreses (SDS-PAGE) [27]. The reductive cleavage of this
complex and subsequent SDS-PAGE analysis gave several
bands which were not tested for TNF-binding activity. Since
the specific conditions which must be used for the cleavage of
the complex lead to inactivation of the binding protein [31],
the latter has also not been possible. The separation of soluble
TNF-BP from human serum or urine by ion exchange chro-
matography and gel filtration (molecular weight in the region
of 50 kD) was described by Olsson et al. [30].

Brockhaus et al. [32] obtained an enriched TNF-BP prepa-
ration from membrane extracts of HL¢, cells by TNFa-ligand
affinity chromatography and HPL.C which, in turn, was used
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as an antigen preparation for the production of monoclonal
antibodies against TNF-BP. Using such an immobilized anti-
body (immune affinity chromatography) Loetscher and
Brockhaus obtained an enriched preparation of TNF-BP [31]
from an extract of human placenta using TNFa-ligand affin-
ity chromatography and HPL.C, which gave a strong broad
band at 35 kD, a weak band at about 40 kD and a very weak
band in the region between 55 kD and 60 kD on SDS-PAGE
analysis. Moreover, the gel showed a protein background
smear in the region of 33 kD to 40 kD. The significance of
these protein bands was, however, not clear due to the hetero-
genicity of the starting material which was used (placenta
tissue; combined material from several placentas). In the state
of the art TNF-BP have already been characterized by a
N-terminal partial sequence [European Patent Application,
Publication No. 308 378], whereby this sequence differs from
the N-terminal partial sequence according to formula (IA) in
accordance with the invention. Moreover, the TNF-binding
proteins described in the state of the art are soluble, i.e.
non-membrane bound, TNF-BP and not membrane-bound,
i.e. insoluble, TNF-BP isolated from urine.

SUMMARY OF THE INVENTION

This invention comprises insoluble, homogenous proteins
or soluble or insoluble fragments thereof, capable of binding
tumor necrosis factor-(TNF).

This invention also comprises TNF-binding proteins con-
taining amino acid sequences of FIG. 1 or FIG. 4, proteins
containing fragments of these sequences, and proteins anala-
gous to the sequences of FIG. 1 or FIG. 4 or to fragments
thereof.

This invention further comprises DNA sequences encod-
ing the proteins described above, proteins encoded by these
sequences, and antibodies to any of these proteins.

This invention comprises DNA sequences which combine
two partial DNA sequences, one sequence encoding soluble
fragments of TNF binding proteins and the other partial
sequence encoding all domains except the first domain of the
constant region of the heavy chain of human immunoglobulin
1gG, IgA, IgM, or IgE, and the recombinant proteins encoded
by these sequences.

This invention additionally comprises vectors containing
the above DNA sequences, and host systems transfected with
such vectors.

This invention finally comprises a process for the isolation
of'an insoluble homogenous protein capable of binding TNF.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1A-1D. Nucleotide sequence (SEQ ID NO: 1) and
deduced amino acid sequence (SEQ ID NO: 2) for cDNA
clone derived from 55 kD TNF-BP. The 19 amino acid trans-
membrane region is underlined. Hypothetical glycosylation
sites are identified by asterisks.

FIG. 2. Binding analysis of COS cells transfected with
plasmid pN123. Panel 2A—binding of transfected cells to
125 TNFa.. Panel 2B—Scatchard plot of binding data.

FIG. 3. Sandwich assays of cells transfected with plasmid
pK19. Culture supernatants of cells transfected with pK19
were incubated with anti-55 kD TNF-BP antibody followed
by '**I-TNFc. Columns 1, 5, and 8 are controls. Columns 2,
3,4, 5, and 6 are five parallel transfections.

FIG. 4A-4D. Nucleotide sequence (SEQ ID NO: 28) and
deduced amino acid sequence (SEQ ID NO: 29) for cDNA
clones derived from 75/65 kD TNF-BP.
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FIG. 5. Deduced amino acid sequence (SEQ ID NO: 27) for
a 75/65 kD TNF-BP ¢DNA clone described in Smith et al.,
Science 248, 1019-1023, (1990). The leader region is singly
underlined, the transmembrane domain is shown boxed, and
potential N-linked glycosylation sites are doubly underlined.

FIGS. 6A-6E: Corrected nucleotide sequence (SEQ ID
NO: 3) and deduced amino acid sequence (SEQ ID NO: 4) of
FIG. 4 after repeated sequencing, showing a threonine coded
by “ACC” at position 3 instead of a serine coded by “TCC”.

DETAILED DESCRIPTION OF THE INVENTION

The TNF-binding proteins of the present invention are
homogenous, insoluble proteins and soluble or insoluble
fragments of such proteins which are capable of binding TNF.
These proteins have the ability to bind TNF as measured by
standard assays.

The TNF-binding proteins of the present invention include
homogenous proteins containing the amino acid sequence
depicted in FIG. 1 (SEQID NO: 2) or in FIG. 4 (SEQ ID NO:
4), proteins containing fragments of either sequence, and
analogues of any such proteins for example proteins contain-
ing amino acid sequences analogous to the amino acid
sequences of FIG. 1 (SEQ ID NO: 2) or FIG. 4 (SEQ ID NO:
4) or to fragments thereof. An analogue is a protein in which
one or more amino acids of the sequences depicted in FIG. 1
(SEQ ID NO: 2) or in FIG. 4 (SEQ ID NO: 4) have had their
side-groups chemically modified in a known manner, or those
in which one or more amino acids have been replaced or
deleted, without thereby eliminating TNF-binding ability.
Such analogues may be produced by known methods of pep-
tide chemistry, or by known methods of recombinant DNA
technology, such as planned mutagenesis.

The TNF binding activity of the proteins of the present
invention may be determined using the assay described in
Example 1.

TNF-binding proteins of this invention are obtained as
follows:

TNF binding proteins may be isolated from tissues and
purified to homogeneity, or isolated from cells which contain
membrane-bound TNF binding protein, and purified to
homogeneity. One possible method for growing cells and
isolating cell extract is described in Example 2, however,
other cells types and other growth and isolation methods are
well known in the art. Purification of TNF-binding proteins
from cell extracts may be performed using the methods
described in Examples 4, 5, and 6 in combination with the
assay described in Example 1. TNF-binding proteins isolated
and purified by these methods were sequenced by well-
known methods, as described in Example 7. From these
amino acid sequences, DNA probes were produced and used
to obtain mRNA encoding TNF binding proteins from which
cDNA was made, all by known methods described in
Examples 8 and 11. Other well-known methods for producing
c¢DNA are known in the art and may effectively be used. In
general, any TNF-binding protein can be isolated from any
cell or tissue expressing such proteins using a cDNA probe
such as the probe described above, isolating mRNA and tran-
scribing the mRNA into cDNA. Thereafter, the protein can be
produced by inserting the cDNA into an expression vector as
described in Example 9, such as a virus, plasmid, cosmid, or
other vector, inserting the expression vector into a cell, such
as the COS cell described in Example 9 or the insect cell
described in Example 10, proliferating the resulting cells, and
isolating the expressed TNF-binding protein from the
medium or from cell extract as described above. Alterna-
tively, TNF-binding proteins may be chemically synthesized
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4

using the sequence described above and an amino acid syn-
thesizer, or manual synthesis using chemical conditions well
known to form peptide bonds between selected amino acids.
Analogues and fragments of TNF-binding proteins may be
produced by the above methods. In the case of analogues, the
proteins may be chemically modified, or modified by genetic
engineering as described above. These fragments and ana-
logues may then be tested for TNF-binding activity using
methods such as the assay of Example 1.

Finally, monoclonal antibodies directed against TNF-bind-
ing proteins, such as the antibodies described in Example 3,
may be produced by known techniques, and used to isolate
TNF-binding proteins.

In more detail, the proteins of the present invention are
non-soluble proteins, i.e. for example membrane proteins or
so-called receptors, and soluble or non-soluble fragments
thereof, which bind TNF (TNF-BP), in homogeneous form,
as well as their physiologically compatible salts. Preferred
proteins are those which according to SDS-PAGE under non-
reducing conditions are characterized by apparent molecular
weights of about 55kD, 51 kD, 38 kD, 36 kD and 34 kD or 75
kD and 65 kD, especially those with about 55 kD and 75 kD.
Furthermore, there are preferred those proteins which are
characterized by containing at least one of the following
amino acid partial sequences:

(IA) Leu-Val-Pro-His-Leu-Gly-Asp-Arg-Glu-Lys- Arg-Asp-
Ser-Val-Cys-Pro-Gln-Gly-Lys-Tyr-Ile-His-Pro-Gln-X-Asn-
Ser-Ile (SEQ ID NO: 5)

(IB) Ser-Thr-Pro-Glu-Lys-Glu-Gly-Glu-Leu-Glu-Gly-Thr-
Thr-Thr-Lys (SEQ ID NO: 6)

(ITA) Ser-Gln-Leu-Glu-Thr-Pro-Glu-Thr-Leu-Leu-Gly-Ser-
Thr-Glu-Glu-Lys-Pro-Leu (SEQ ID NO: 7)

(IIB) Val-Phe-Cys-Thr (SEQ ID NO: 8)

(IIC) Asn-Gln-Pro-Gln-Ala-Pro-Gly-Val-Glu-Ala-Ser-Gly-
Ala-Gly-Glu-Ala (SEQ ID NO: 9)

(IID)  Leu-pro-Ala-Gln-Val-Ala-Phe-X-Pro-Tyr-Ala-Pro-
Glu-Pro-Gly-Ser-Thr-Cys (SEQ ID NO: 9)

(IIE) le-X-Pro-Gly-Phe-Gly-Val-Ala-Tyr-Pro-Ala-Leu-Glu
(SEQIDNO: 11)

(IIF) Leu-Cys-Ala-Pro (SEQ ID NO: 12)

(I1G) Val-Pro-His-Leu-Pro-Ala-Asp (SEQ ID NO: 13)

(IIH)  Gly-Ser-Gln-Gly-Pro-Glu-Gln-Gln-X-X-Leu-Ile-X-
Ala-Pro (SEQ ID NO: 14)

in which X stands for an amino acid residue which could
not be unequivocally determined.

A process for the isolation of the TNF-BP in accordance
with the invention is also an object of the present invention.
This process comprises carrying out essentially the following
purification steps in sequence: production of a cell or tissue
extract, immune affinity chromatography and/or single or
multiple ligand affinity chromatography, high resolution lig-
uid chromatography (HPLC) and preparative SDS-polyacry-
lamide gel electrophoresis (SDS-PAGE). The combination of
the individual purification steps, which are known from the
state of the art, is essential to the success of the process in
accordance with the invention, whereby individual steps have
been modified and improved having regard to the problem to
be solved. Thus, for example, the original combined immune
affinity chromatography/TNFa-ligand affinity chromatogra-
phy step originally used for the enrichment of TNF-BP from
human placenta [31] has been altered by using a BSA-
Sepharose 4B pre-column. For the application of the cell or
membrane extract, this pre-column was connected in series
with the immune affinity column followed by the ligand affin-
ity column. After the application of the extract the two afore-
mentioned columns were coupled, each eluted and the TNF-
BP-active fractions were purified again via a ligand affinity



US 8,163,522 B1

5

column. The use of a detergent-containing solvent mixture for
the performance of the reversed-phase HPLC step is essential
to the invention.

Further, an industrial process for the production ot high cell
densities of mammalian cells from which TNF-BP can be
isolated is also an object of the present invention. Such a
process comprises using a medium, which has been devel-
oped for the specific growth requirements of the cell line used,
in combination with a perfusion apparatus as described e.g. in
detail in Example 2. By means of such a process there can be
produced, for example, in the case of HL-60 cells up to more
than 20-fold higher cell densities than usual.

In addition thereto, the present invention is also concerned
with DNA sequences coding for proteins and soluble or non-
soluble fragments thereof, which bind TNF. Thereunder there
are to be understood, for example, DNA sequences coding for
non-soluble proteins or soluble as well as non-soluble frag-
ments thereof, which bind TNF, such DNA sequences being
selected from the following:

(a) DNA sequences as given FIG. 1 or FIG. 4 as well as their
complementary strands, or those which include these
sequences;

(b) DNA sequences which hybridize with sequences defined
under (a) or fragments thereof;

(c) DNA sequences which, because of the degeneracy of the
genetic code, do not hybridize with sequences as defined
under (a) and (b), but which code for polypeptides having
exactly the same amino acid sequence.

That is to say, the present invention embraces not only
allelic variants, but also those DNA sequences which result
from deletions, substitutions and additions from one or more
nucleotides of the sequences given in FIG. 1 or FIG. 4,
whereby in the case of the proteins coded thereby there come
into consideration, just as before, TNF-BP. One sequence
which results from such a deletion is described, for example,
in Smith et al., Science 248, 1019-1023, (1990), which is
incorporated by reference herein. FIG. 5 (a reproduction of
FIG. 3B of Smith et al.) shows the deduced amino acid
sequence (SEQ ID NO: 27) of the cDNA coding region of a
human TNF receptor cDNA clone. The leader region is singly
underlined, the transmembrane domain is shown boxed, and
potential N-linked glycosylation sites are doubly underlined.
The entire nucleotide sequence is available upon request and
has been deposited at Genbank under Accession Number
M32315.

There are preferred first of all those DNA sequences which
code for such a protein having an apparent molecular weight
of about 55 kD, whereby the sequence given in FIG. 1 is
especially preferred, and sequences which code for non-
soluble as well as soluble fragments of such proteins. A DNA
sequence which codes, for example, for such a non-soluble
protein fragment extends from nucleotide —185 to 1122 of the
sequence given in FIG. 1. DNA sequences which code for
soluble protein fragments are, for example, those which
extend from nucleotide —185 to 633 or from nucleotide —14 to
633 of the sequence given in FIG. 1. There are also preferred
DNA sequences which code for a protein of about 75/65 kD,
whereby those which contain the partial cDNA sequences
shown in FIG. 4 are preferred. Especially preferred DNA
sequences in this case are the sequences of the open reading
frame of nucleotide 2 to 1,177. The peptides 1A, IIC, IIE, IIF,
1IG and ITH are coded by the partial cDNA sequence in FIG.
4, whereby the insignificant deviations in the experimentally
determined amino acid sequences are based on the cDNA-
derived sequence with highest probability from the limited
resolution of the gas phase sequencing. DNA sequences
which code for insoluble (deposited on Oct. 17, 2006 with the
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American Type Culture Collection, 12301 Parklawn Drive,
Rockville, Md. 20852, under Accession No. PTA 7942) as
well as soluble fractions of TNF-binding proteins having an
apparent molecular weight of 65 kD/75 kD are also preferred.
DNA sequences for such soluble fragments can be deter-
mined on the basis of the amino acid sequences derived from
the nucleic acid sequences coding for such non-soluble TNF-
BP.

The invention is also concerned with DNA sequences
which comprise a combination of two partial DNA
sequences, with one of the partial sequences coding for those
soluble fragments of non-soluble proteins which bind TNF
(see above) and the other partial sequence coding for all
domains other than the first domain of the constant region of
the heavy chain of human immunoglobulins such as IgG, IgA,
IgM or IgE, in particular IgG, or IgG; subtypes.

The present invention is also concerned with the recombi-
nant proteins coded by any of DNA sequences described
above. Of course, there are thereby also included such pro-
teins in whose amino acid sequences amino acids have been
exchanged, for example by planned mutagenesis, so that the
activity of the TNF-BP or fragments thereof, namely the
binding of TNF or the interaction with other membrane com-
ponents participating in the signal transfer, have been altered
ormaintained in a desirable manner. Amino acid exchanges in
proteins and peptides which do not generally alter the activity
of such molecules are known in the state of the art and are
described, for example, by H. Neurath and R. L. Hill in “The
Proteins” (Academic Press, New York, 1979, see especially
FIG. 6, page 14). The most commonly occurring exchanges
are: Ala/Ser, Val/lle, Asp/Glu, Thr/Ser, Ala/Gly, Ala/Thr, Ser/
Asn, Ala/Val, Ser/Gly, Tyr/Phe, Ala/Pro, Lys/Arg, Asp/Asn,
Leu/Ile, Leu/Val, Ala/Glu, Asp/Gly as well as these inreverse.
The present invention is also concerned with vectors which
contain any of the DNA sequences described above in accor-
dance with the invention and which are suitable for the trans-
formation of suitable pro- and eukaryotic host systems,
whereby there are preferred those vectors whose use leads to
the expression of the proteins which are coded by any of the
DNA sequences described above in accordance with the
invention. Finally, the present invention is also concerned
with pro- and eukaryotic host systems transformed with such
vectors, as well as a process for the production of recombinant
compounds in accordance with the invention by cultivating
such host systems and subsequently isolating these com-
pounds from the host systems themselves or their culture
supernatants.

An object of the present invention are also pharmaceutical
preparations which contain at least one of these TNF-BPs or
fragments thereof, if desired in combination with other phar-
maceutically active substances and/or non-toxic, inert, thera-
peutically compatible carrier materials.

Finally, the present invention is concerned with the use of
such a TNF-BP on the one hand for the production of phar-
maceutical preparations and on the other hand for the treat-
ment of illnesses, preferably those in which TNF is involved
in their course.

Starting materials for the TNF-BP in accordance with the
invention are quite generally cells which contain such TNF-
BP in membrane-bound form and which are generally acces-
sible without restrictions to a person skilled in the art, such as,
for example, HL60 [ATCC No. CCL 240], U 937 [ATCC No.
CRL 1593], SW 480 [ATCC No. CCL 228] and HEp2 cells
[ATCC No. CCL 23]. These cells can be cultivated according
to known methods of the state of the art [40] or, in order to
produce high cell densities, according to the procedure
already described generally and described in detail in
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Example 2 for HL60 cells. TNF-BP can then be extracted
from the cells, which are centrifuged-off from the medium
and washed, according to known methods of the state of the
art using suitable detergents, for example Triton X-114, 1-0-
n-octyl-p-D-glucopyranoside (octylglucoside) or 3-[(3-
cholylamido-propyl)-dimethylammonio]-1-propane sulpho-
nate (CHAPS), especially using Triton X-100. For the
detection of such TNF-BP there can be used the usually used
detection methods for TNF-BP, for example a polyethylene
glycol-induced precipitation of the '*’I-TNF/TNF-BP com-
plex [27], especially filter-binding tests with radioactively
labelled TNF according to Example 1. In order to produce the
TNF-BP in accordance with the invention, the general meth-
ods of the state of the art used for the purification of proteins,
especially of membrane proteins, such as, for example, ion
exchange chromatography, gel filtration, affinity chromatog-
raphy, HPLC and SDS-PAGE can be used. Especially pre-
ferred methods for the production of TNF-BP in accordance
with the invention are affinity chromatography, especially
with TNF-a as the ligand bound to the solid phase, and
immune affinity chromatography, HPL.C and SDS-PAGE.
The elution of TNF-BP bands which are separated using
SDS-PAGE can be effected according to known methods of
protein chemistry, for example using electroelution accord-
ing to Hunkapiller et al. [34], whereby according to present
knowledge the electro-dialysis times given there generally
have to be doubled. Thereafter, traces of SDS which still
remain can then be removed in accordance with Bosserhoff et
al. [50].

The thus-purified TNF-BP can be characterized by meth-
ods of peptide chemistry which are known in the state of the
art, such as, for example, N-terminal amino acid sequencing
or enzymatic as well as chemical peptide cleavage. Frag-
ments obtained by enzymatic or chemical cleavage can be
separated according to usual methods such as, for example,
HPLC and can themselves be subjected to further N-terminal
sequencing. Such fragments which themselves bind TNF can
be identified using the aforementioned detection methods for
TNF-BP and are likewise objects of the present invention.

Starting from the thus-obtained amino acid sequence infor-
mation or the DNA and amino acid sequences given in FIG. 1
as well as in FIG. 4 there can be produced, taking into con-
sideration the degeneracy of the genetic code, according to
methods known in the state of the art suitable oligonucle-
otides [51]. By means of these, again according to known
methods of molecular biology [42, 43], cDNA or genomic
DNA banks can be searched for clones which contain nucleic
acid sequences coding for TNF-BP. Moreover, using the poly-
merase chain reaction (PCR) [49] cDNA fragments can be
cloned by completely degenerating the amino acid sequence
of two spaced apart relatively short segments while taking
into consideration the genetic code and introducing into their
complementarity suitable oligo-nucleotides as a “primer”,
whereby the fragment lying between these two sequences can
be amplified and identified. The determination of the nucle-
otide sequence of a such a fragment permits an independent
determination of the amino acid sequence of the protein frag-
ment for which it codes. The cDNA fragments obtainable by
PCR can also, as already described for the oligonucleotides
themselves, be used according to known methods to search
for clones containing nucleic acid sequences coding for TNF-
BP from ¢cDNA or genomic DNA banks. Such nucleic acid
sequences can then be sequenced according to known meth-
ods [42]. On the basis of the thus-determined sequences and
of the already known sequences for certain receptors, those
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partial sequences which code for soluble TNF-BP fragments
can be determined and cut out from the complete sequence
using known methods [42].

The complete sequence or such partial sequences can then
be integrated using known methods into vectors described in
the state of the art for their multiplication and expression in
prokaryotes [42]. Suitable prokaryotic host organisms are, for
example, gram-negative and gram-positive bacteria such as,
for example, F. coli strains such as E. coli HB101 [ATCC No.
33 694] or E. coli W3110 [ATCC No. 27 325] or B. subtilis
strains.

Furthermore, nucleic acid sequences in accordance with
the invention which code for TNF-BP as well as for TNF-BP
fragments can be integrated using known methods into suit-
able vectors for reproduction and expression in eukaryotic
host cells, such as, for example, yeast, insect cells and mam-
malian cells. Expression of such sequences is preferably
effected in mammalian and insect cells.

A typical expression vector for mammalian cells contains
an efficient promoter element in order to produce a good
transcription rate, the DNA sequence to be expressed and
signals for an efficient termination and polyadenylation of the
transcript. Additional elements which can be used are
“enhancers” which lead to again intensified transcription and
sequences which e.g. can bring about a longer half life of the
mRNA. Forthe expression of nucleic acid sequences in which
the endogenous sequence fragment coding for a signal pep-
tide is missing, there can be used vectors which contain such
suitable sequences which code for signal peptides of other
known proteins. See, for example, the vector plJ268
described by Cullen, B. R. in Cell 46, 973-982 (1986) as well
as Sharma, S. etal. in “Current Communications in Molecular
Biology”, edt. by Gething, M. J., Cold Spring Harbor Lab.
(1985), pages 73-78.

Most of these vectors which are used for a transient expres-
sion of a particular DNA sequence in mammalian cells con-
tain the replication source of the SV40 virus. In cells which
express the T-antigen of the virus (e.g. COS cells), these
vectors are reproduced abundantly. A transient expression is,
however, not limited to COS cells. In principle any transfect-
able mammalian cell line can be used for this purpose. Signals
which can bring about a strong transcription are e.g. the early
and late promoters of SV40, the promoter and enhancer of the
“major immediate-early” gene of HCMV (human cytomega-
lovirus), the LTR’s (“long terminal repeats™) of retroviruses
such as, for example, RSV, HIV and MMTYV. There can,
however, also be used signals of cellular genes such as e.g. the
promoters of the actin and collagenase genes.

Alternatively, however, stable cell lines which have the
specific DNA sequence integrated into the genome (chromo-
some) can also be obtained. For this, the DNA sequence is
cotransfected together with a selectable marker, e.g. neomy-
cin, hygromycin, dihydrofolate reductase (dhfr) or hypoxan-
thin guanine phosphoribosyl transferase (hgpt). The DNA
sequence stably incorporated in the chromosome can also be
reproduced abundantly. A suitable selection marker for this is,
for example, dihydrofolate reductase (dhfr). Mammalian
cells (e.g. CHO cells), which contain no intact dhfr gene, are
thereby incubated with increasing amounts of methotrexate
after transinfection has been effected. In this manner cell lines
which contain more than a thousand copies of the desired
DNA sequence can be obtained.

Mammalian cells which can be used for the expression are
e.g. cells of the human cell lines Hela [ATCC CCL2] and 293
[ATCC CRL 1573] as well as 3T3 [ATCC CCL 163] and L
cells, e.g. [ATCC CCL 149], (CHO) cells [ATCC CCL 61],
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BHK [ATCC CCL 10] cells as well as the CV 1 [ATCC CCL
70] and the COS cell lines [ATCC CRL 1650, CRL 1651].

Suitable expression vectors include, for example, vectors
suchas pPBC12MI[ATCC 67 109], pSV2dhfr [ATCC 37 146],
pSVL [Pharmacia, Uppsala, Sweden], pRSVcat [ATCC 37
152] and pMSG [Pharmacia, Uppsala, Sweden]. The vectors
“pK19” and “pN123” used in Example 9 are especially pre-
ferred vectors. These can be isolated according to known
methods from E. coli strains HB101(pK19) and HB101
(pN123) transformed with them [42]. These E. coli strains
have been deposited on the 26 Jan. 1990 at the Deutschen
Sammlung von Mikroorganismen und Zellkulturen GmbH
(DSM) in Braunschweig, FRG, under DSM 5761 for HB101
(pK19) and DMS 5764 for HB101(pN123). For the expres-
sion of proteins which consist of a soluble fragment of non-
soluble TNF-BP and an immunoglobulin fragment, i.e. all
domains except the first of the constant region of the heavy
chain, there are especially suitable pSV2-derived vectors as
described, for example, by German, C. in “DNA Cloning”
[Vol. IL., edt. by Glover, D. M., IRL Press, Oxford, 1985]. The
vectors pCD4-Hu (DSM 5315), pDC4-Hyl (DSM 5314) and
pCD4-Hy3 (DSM 5523) which have been deposited at the
Deutschen Sammlung von Mikroorganismen und Zellkul-
turen GmbH (DSM) in Braunschweig, FRG, and which are
described in detail in European Patent Application No.
90107393.2 are especially preferred vectors. This European
Patent Specification and the equivalent Applications referred
to in Example 11 also contain data with respect to the further
use of these vectors for the expression of chimeric proteins
(see also Example 11) and for the construction of vectors for
the expression of such chimeric proteins with other immuno-
globulin fragments.

The manner in which these cells are transfected depends on
the chosen expression system and vector system. An over-
view of these methods is to be found e.g. in Pollard et al.,
“DNA Transformation of Mammalian Cells” in “Methods in
Molecular Biology™ [Nucleic Acids Vol. 2, 1984, Walker, J.
M., ed, Humana, Clifton, N. J.]. Further methods are to be
found in Chen and Okayama [“High-Efficiency Transforma-
tion of Mammalian Cells by Plasmid DNA”, Molecular and
Cell Biology 7, 2745-2752, 1987] and in Feigner [Feigner et
al., “Lipofectin: A highly efficient, lipid-mediated DNA-
transfection procedure”, Proc. Nat. Acad. Sci. USA 84, 7413-
7417, 1987].

The baculovirus expression system, which has already
been used successfully for the expression of a series of pro-
teins (for an overview see Luckow and Summers, Bio/Tech-
nology 47-55, 1988), can be used for the expression in insect
cells. Recombinant proteins can be produced in authentic
form or as fusion proteins. The thus-produced proteins can
also be modified such as, for example, glycosylated (Smith et
al., Proc. Nat. Acad. Sci. USA 82, 8404-8408, 1987). For the
production of a recombinant baculovirus which expresses the
desired protein there is used a so-called “transfer vector”.
Under this there is to be understood a plasmid which contains
the heterologous DNA sequence under the control of a strong
promoter, e.g. that of the polyhedron gene, whereby this is
surrounded on both sides by viral sequences. The vectors
“pN113”, “pN119” and “pN124” used in Example 10 are
especially preferred vectors. These can be isolated according
to known methods from E. coli strains HB101(pN113),
HB101(pN119) and HB101(pN124) transformed with them.
These E. coli strains have been deposited on the 26 Jan. 1990
at the Deutschen Sammlung von Mikroorganismen and
Zellkulturen GmbH (DSM) in Braunschweig, FRG, under
DSM 5762 for HB101(pN113), DSM 5763 for HB101
(pN119) and DSM 5765 for HB101(pN124). The transfer
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vector is then transfected into the insect cells together with
DNA of the wild type baculovirus. The recombinant viruses
which result in the cells by homologous recombination can
then be identified and isolated according to known methods.
An overview of the baculovirus expression system and the
methods used therein is to be found in Luckow and Summers
[52].

Expressed TNF-BP as well as its non-soluble or soluble
fractions can then be purified from the cell mass or the culture
supernatants according to methods of protein chemistry
which are known in the state of the art, such as, for example,
the procedure already described on pages 5-6.

The TNF-BP obtained in accordance with the invention
can also be used as antigens to produce polyclonal and mono-
clonal antibodies according to known techniques [44, 45] or
according to the procedure described in Example 3. Such
antibodies, especially monoclonal antibodies against the 75
kD TNF-BP species, are also an object of the present inven-
tion. Those antibodies which are directed against the 75 kD
TNF-BP can be used for the isolation of TNF-BP by modifi-
cations of the purification procedure described in detail in
Examples 4-6 which are familiar to a person skilled in the art.

On the basis of the high binding affinity of TNF-BP in
accordance with the invention for TNF (K, value in the order
of 107°-1071°M), these or fragments thereof can be used as
diagnostics for the detection of TNF in serum or other body
fluids according to methods known in the state of the art, for
example in solid phase binding tests or in combination with
anti-TNF-BP antibodies in so-called “sandwich” tests.

Moreover, TNF-BP in accordance with the invention can
be used on the one hand for the purification of TNF and on the
other hand for the detection of TNF agonists and TNF antago-
nists according to procedures which are known in the state of
the art.

The TNF-BP in accordance with the invention as well as
their physiologically compatible salts, which can be manu-
factured according to methods which are known in the state of
the art, can also be used for the production of pharmaceutical
preparations, primarily those for the treatment of illnesses in
which TNF is involved in their course. For this purpose, one
or more of the said compounds, where desired or required in
combination with other pharmaceutically active substances,
can be processed in a known manner with the usually used
solid or liquid carrier materials. The dosage of such prepara-
tions can be effected having regard to the usual criteria in
analogy to already used preparations of similar activity and
structure.

Since the invention has been described hereinbefore in
general terms, the following Examples are intended to illus-
trate details of the invention, but they are not intended to limit
its scope in any manner.

Example 1
Detection of TNF-Binding Proteins

The TNF-BP were detected in a filter test with human
radioiodinated '*’I-TNF. TNF (46, 47) was radioactively
labelled with Na'*®* 1 (IMS40, Amersham, Amersham,
England) and iodo gene (#28600, Pierce Eurochemie, Oud-
Beijerland, Netherlands) according to Fraker and Speck [48].
For the detection of the TNF-BP, isolated membranes of the
cells or their solubilized, enriched and purified fractions were
applied to moist nitrocellulose filter (0.45, BioRad, Rich-
mond, Calif., USA). The filters were then blocked in buffer
solution with 1% skimmed milk powder and subsequently
incubated with 5-10° cpm/m]l of 1**I-TNF . (0.3-1.0-10% cpm/



US 8,163,522 B1

11

ng) in two batches with and without the addition of 5 pg/ml of
non-labelled TNFa, washed and dried in the air. The bound
radioactivity was detected semiquantitatively by autoradiog-
raphy or counted in a gamma-counter. The specific '*°I-
TNF-a binding was determined after correction for unspe-
cific binding in the presence of unlabelled TNF-c in excess.
The specific TNF-binding in the filter test was measured at
various TNF concentrations and analyzed according to Scat-
chard, whereby a K, value of -107°-107'°M was determined.

Example 2
Cell Extracts of HL-60 Cells

HL60 cells [ATCC No. CCL 240] were cultivated on an
experimental laboratory scale in a RPMI 1640 medium
[GIBCO catalogue No. 074-01800], which contained 2 g/1
NaHCO; and 5% foetal calf serum, in a 5% CO, atmosphere
and subsequently centrifuged.

The following procedure was used to produce high cell
densities on an industrial scale. The cultivation was carried
outin a 75 1 Airlift fermenter (Fa. Chemap, Switzerland) with
a working volume of 58 1. For this there was used the cassette
membrane system “PROSTAK” (Millipore, Switzerland)
with a membrane surface of 0.32 m? (1 cassette) integrated
into the external circulation circuit. The culture medium (see
Table 1) was pumped around with a Watson-Marlow pump,
Type 603U, with 5 I/min. After a steam sterilization of the
installation, whereby the “PROSTAK” system was sterilized
separately in autoclaves, the fermentation was started with
growing HL-60 cells from a 20 1 Airlift fermenter (Chemap).
The cell cultivation in the inoculation fermenter was effected
in a conventional batch process in the medium according to
Table 1 and an initial cell titre of 2x10° cells/ml. After 4 days
the HL60 batch was transferred with a titre of 4.9x10° cells/
ml into the 75 1 fermenter. The pH value was held at 7.1 and
the pO, value was held at 25% saturation, whereby the oxy-
gen introduction was effected through a microporous frit.
After initial batch fermentation, on the 2nd day the perfusion
atacell titre of 4x10° cells/ml was started with 30 1 of medium
exchange per day. On the filtrate side of the medium the
conditioned medium was removed and replaced by the addi-
tion of fresh medium. The added medium was fortified as
follows: Primatone from 0.25% to 0.35%, glutamine from 5
mM to 6 mM and glucose from 4 g/l to 6 g/1. The perfusion
rate was then increased on the 3rd and 4th day to 72 1 of
medium/day and on the 5th day to 100 1 of medium/day. The
fermentation had finished after 120 hours of continuous cul-
tivation. Exponential cell growth up to 40x10° cells/ml took
place under the given fermentation conditions. The duplica-
tion time of the cell population was 20-22 hours to 10x10°
cells/ml and then increased to 30-36 hours with increasing
cell density. The proportion of living cells lay at 90-95%
during the entire fermentation period. The HL.-60 batch was
then cooled down in the fermenter to about 12° C. and the
cells were harvested by centrifugation (Beckman centrifuge
[Model J-6B, Rotor JS], 3000 rpm, 10 min., 4° C.).

TABLE 1

HI-60 medium

Concentrations
Components mg/l
CaCl, (anhydrous) 112.644
Ca(NO;),*4H,0 20
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TABLE 1-continued

HI-60 medium

Concentrations
Components mg/l
CuS0,*5H,0 0.498°1073
Fe(NO3);°9H,0 0.02
FeSO,*7H,O 0.1668
KcCl 336.72
KNO; 0.0309
MgCl, (anhydrous) 11.444
MgSO, (anhydrous) 68.37
NacCl 5801.8
Na,HPO, (anhydrous) 188.408
NaH,PO,*H,0O 75
Na,Se0;*5H,0 9.6°1073
ZnSO,4*7H,0 0.1726
D-Glucose 4000
Glutathion (red.) 0.2
Hepes buffer 2383.2
Hypoxanthin 0.954
Linoleic acid 0.0168
Lipoic acid 0.042
Phenol Red 10.24
Putrescine 2HCI 0.0322
Na pyruvate 88
Thymidine 0.146
Biotin 0.04666
D-Ca pantothenate 2.546
Choline chloride 5.792
Folic acid 2.86
i-Inositol 11.32
Niacinamide 2.6
Nicotinamide 0.0074
para-Aminobenzoic acid 0.2
Pyridoxal HCI 24124
Pyridoxin HCI 0.2
Riboflavin 0.2876
Thiamin HCI 2.668
Vitamin B, 0.2782
L-Alanine 11.78
L-Aspartic acid 10
L-Asparagine H,O 14.362
L-Arginine 40
L-Arginine HCI 92.6
L-Aspartate 33.32
L-Cystine 2HCL 62.04
L-Cysteine HCI*H,O 7.024
L-Glutamic acid 36.94
L-Glutamine 730
L-Glycine 21.5
L-Histidine 3
L-Histidine HCI*H,O 27.392
L-Hydroxypyroline 4
L-Isoleucine 73.788
L-Leucine 75.62
L-Lysine HCIL 102.9
L-Methionine 21.896
L-Phenylalanine 43.592
L-Proline 26.9
L-Serine 31.3
L-Threonine 53
L-Tryptophan 11.008
L-Tyrosine*2Na 69.76
L-Valine 62.74
Penicillin/streptomycin 100 U/ml
Insulin (human) 5 pg/ml
Tranferrin (human) 15 pg/ml
Bovine serum albumin 67 pg/ml
Primatone RL (Sheffield 0.25%
Products, Norwich N,
USA)
Pluronic F68
(Serva, Heidelberg, FRG) 0.01%
Foetal calf serum 0.3-3%

The centrifugate was washed with isotonic phosphate
buffer (PBS; 0.2 g/l KC1, 0.2 g/l KH,PO,, 8.0 g/l NaCl, 2.16
g/l Na,HPO,.7H,0), which had been treated with 5% dim-
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ethylformamide, 10 mM benzamidine, 100 U/ml aprotinin,
10 uM leupeptin, 1 uM pepstatin, 1 mM o-phenanthroline, 5
mM iodoacetamide, 1 mM phenyl-methylsulphonyl fluoride
(referred to hereinafter as PBS-M). The washed cells were
extracted at a density of 2.5-10% cells/ml in PBS-M with
Triton X-100 (final concentration 1.0%). The cell extract was
clarified by centrifugation (15,000xg, 1 hour; 100,000xg, 1
hour).

Example 3
Production of Monoclonal (TNF-BP) Antibodies

A centrifugation supernatant from the cultivation of HL.60
cells on an experimental laboratory scale, obtained according
to Example 2, was diluted with PBS in the ratio 1:10. The
diluted supernatant was applied at 4° C. (flow rate: 0.2
ml/min.) to a column which contained 2 ml of Affigel 10 (Bio
Rad Catalogue No. 153-6099) to which had been coupled 20
mg of recombinant human TNF-c. [Pennica, D. et al. (1984)
Nature 312, 724; Shirai, T. et al. (1985) Nature 313, 803;
Wang, A. M. et al. (1985) Science 228, 149] according to the
recommendations of the manufacturer. The column was
washed at 4° C. and a throughflow rate of 1 ml/min firstly with
20 ml of PBS which contained 0.1% Triton X 114 and there-
after with 20 ml of PBS. Thus-enriched TNF-BP was eluted at
22° C. and a flow rate of 2 ml/min with 4 ml of 100 mM
glycine, pH 2.8, 0.1% decylmaltoside. The eluate was con-
centrated to 10 pl in a Centricon 30 unit [Amicon)].

10 wl of this eluate were mixed with 20 ul of complete
Freund’s adjuvant to give an emulsion. 10 pl of the emulsion
were injected according to the procedure described by Holm-
dahl, R. et al. [(1985), J. Immunol. Methods 83, 379] on each
of days 0, 7 and 12 into a hind paw of a narcotized Balb/c
mouse.

The immunized mice were sacrificed on day 14, the
popliteal lymph nodes were removed, minced and suspended
by repeated pipetting in Iscove’s medium (IMEM, GIBCO
Catalogue No. 074-2200) which contained 2 g/l NaHCO;.
According to a modified procedure of De St. Groth and
Scheidegger [J. Immunol. Methods (1980), 35, 1] 5x107 cells
of the lymph nodes were fused with 5x107 PAI mouse
myeloma cells (J. W. Stocker et al. Research Disclosure, 217,
May 1982, 155-157) which were in logarithmic growth. The
cells were mixed, collected by centrifugation and resus-
pended in 2 ml of 50% (v/v) polyethylene glycol in IMEM at
room temperature by slight shaking and diluted by the slow
addition of 10 ml of IMEM during careful shaking for 10
minutes. The cells were collected by centrifugation and resus-
pended in 200 ml of complete medium [IMEM+20% foetal
calf serum, glutamine (2.0 mM), 2-mercaptoethanol (100
uM), 100 uM hypoxanthine, 0.4 pM aminopterine and 16 uM
thymidine (HAT)]. The suspension was distributed on 10
tissue culture dishes each containing 96 wells and incubated
at 37° C. for 11 days without changing the medium in an
atmosphere of 5% CO, and a relative humidity of 98%.

The antibodies are distinguished by their inhibitory action
on the binding of TNF to HL60 cells or by their binding to
antigens in the filter test according to Example 1. The follow-
ing procedure was used to detect the biological activity of
anti(TNF-BP) antibodies: 5x10° HL60 or U937 cells were
incubated in complete RPMI 1640 medium together with
affinity-purified monoclonal anti-(TNF-BP) antibodies or
control antibodies (i.e. those which are not directed against
TNF-BP) in a concentration range of 1 ng/ml to 10 pg/ml.
After incubation at 37° C. for one hour the cells were col-
lected by centrifugation and washed with 4.5 ml of PBS at 0°

20

25

30

35

40

45

50

55

60

65

14

C. They were resuspended in 1 ml of complete RPMI 1640
medium (Example 2) which additionally contained 0.1%
sodium azide and '**I-TNFa. (10° cpm/ml) with or without
the addition of unlabelled TNFa (see above). The specific
radioactivity of the **I-TNFa. amounted to 700 Ci/mmol.
The cells were incubated at 4° C. for 2 hours, collected and
washed 4 times at 0° C. with 4.5 ml of PBS which contained
1% BSA and 0.001% Triton X 100 (Fluke). The radioactivity
bound to the cells was measured in a y-scintillation counter.
The cell-bound radioactivity of cells which had not been
treated with anti-(TNF-BP) antibodies was determined in a
comparative experiment (approximately 10 000 cpm/5x10°
cells).

Example 4
Affinity Chromatography

For the further purification, a monoclonal anti-(55 kD
TNF-BP) antibody (2.8 mg/ml gel), obtained according to
Example 3, TNFa (3.9 mg/ml gel) and bovine serum albumin
(BSA, 8.5 mg/ml gel) were each covalently coupled to CNBr-
activated Sepharose 4B (Pharmacia, Uppsala, Sweden)
according to the directions of the manufacturer. The cell
extract obtained according to Example 2 was passed through
the thus-prepared columns which were connected in series in
the following sequence: BSA-Sepharose pre-column,
immune affinity column [anti-(55 kD-TNF-BP) antibody],
TNFa-ligand affinity column. After completion of the appli-
cation the two last-mentioned columns were separated and
washed individually with in each case 100 ml of the following
buffer solutions: (1) PBS, 1.0% Triton X-100, 10 mM benza-
midine, 100 U/ml aprotinin; (2) PBS, 0.1% Triton X-100,
0.5M NaCl, 10 mM ATP, 10 mM benzamidine, 100 U/ml
aprotinin; and (3) PBS, 0.1% Triton X-100, 10 mM benzami-
dine, 100 U/ml aprotinin. Not only the immune affinity col-
umn, but also the TNFa-ligand affinity column were then
each eluted with 100 mM glycine pH 2.5, 100 mM NaCl,
0.2% decylmaltoside, 10 mM benzamidine, 100 U/ml apro-
tinin. The fractions of each column which were active in the
filter test according to Example 1 were thereafter combined
and neutralized with 1M Tris pH 8.0.

The thus-combined TNF-BP active fractions of the
immune affinity chromatography on the one hand and of the
TNFa-ligand affinity chromatography on the other hand
were, for further purification, again applied to in each case
one small TNFa-ligand affinity column. Thereafter, these two
columns were washed with in each case 40 ml of (1) PBS,
1.0% Triton X-100, 10 mM benzamidine, 100 U/ml aprotinin,
(2) PBS, 0.1% Triton X-100,0.5M NaCl, 10 mM ATP, 10 mM
benzamidine, 100 U/ml aprotinin, (3) PBS, 0.1% Triton
X-100, (4) 50 mM Tris pH 7.5, 150 mM NaCl, 1.0% NP-40,
1.0% desoxycholate, 0.1% SDS, (5) PBS, 0.2% decylmalto-
side. Subsequently, the columns were eluted with 100 mM
glycine pH 2.5, 100 mM NaCl, 0.2% decylmaltoside. Frac-
tions of 0.5 ml from each column were collected and the
fractions from each column which were active according to
the filter test (Example 1) were combined and concentrated in
a Centricon unit (Amicon, molecular weight exclusion
10,000).

Example 5
Separation by Means of HPL.C

The active fractions obtained according to Example 4 were
each applied according to their different source (immune or
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ligand affinity chromatography) to C1/C8 reversed phase
HPLC-columns (ProRPC, Pharmacia, 5x20 mm) which had
been equilibrated with 0.1% trifluoroacetic acid, 0.1% octyl-
glucoside. The columns were then eluted with a linear aceto-
nitrile gradient (0-80%) in the same buffer at a flow of 0.5
ml/min. Fractions of 1.0 ml were collected from each column
and the active fractions from each column were combined
(detection according to Example 1).

Example 6
Separation by Means of SDS-PAGE

The fractions which were obtained according to Example 5
and which were active according to the filter test (Example 1)
were further separated by SDS-PAGE according to [34]. For
this purpose, the samples were heated to 95° C. for 3 minutes
in SDS sample buffer and subsequently separated electro-
phoretically on a 12% acrylamide separation gel with a 5%
collection gel. The following standard proteins were used as
a reference for the determination of the apparent molecular
weights on the SDS-PAGE gel: phosphorylase B (97.4 kD),
BSA (66.2 kD), ovalbumin (42.7 kD), carboanhydrase (31.0
kD), soyatrypsin inhibitor (21.5 kD) and lysozyme (14.4 kD).

Under the mentioned conditions there were obtained for
samples which has been obtained according to Example 4 by
TNF-a-ligand affinity chromatography of immune affinity
chromatography eluates and which had been further sepa-
rated by HPLC according to Example 5 two bands of 55 kD
and 51 kD as well as three weaker bands of 38 kD, 36 kD and
34 kD. These bands were transferred electrophoretically dur-
ing 1 hour at 100 V in 25 mM Tris, 192 mM glycine, 20%
methanol on to a PVDF membrane (Immobilon, Millipore,
Bedford, Mass. USA) in a Mini Trans Blot System (BioRad,
Richmond, Calif., USA). Thereafter, the PVDF membrane
was either protein-stained with 0.15% Serva-Blue (Serva,
Heidelberg, FRG) in methanol/water/glacial acetic acid (50/
40/10 parts by volume) or blocked with skimmed milk pow-
der and subsequently incubated with ***I-TNFc. according to
the filter test conditions described in Example 1 in order to
detect bands having TNF-BP activity. This showed that all
bands produced in the protein staining bonded TNFa specifi-
cally. In the Western blot according to Towbin et al. [38] all of
these bands also bonded the monoclonal anti-55 kD-TNF-BP
antibody produced according to Example 3. In this case, a
procedure according to that described in Example 1 with
Na'?’l radioactively-labelled, affinity-purified (mouse
immunoglobulin-Sepharose-4B affinity column) rabbit-anti-
mouse-immunoglobulin antibody was used for the autorad-
iographic detection of this antibody.

Samples which had been obtained according to Example 4
by two-fold TNF-a-ligand affinity chromatography of the
throughput of the immune affinity chromatography and
which had been further separated by HPLC according to
Example 5 showed under the above-specified SDS-PAGE and
blot transfer conditions two additional bands of 75 kD and 65
kD, both of which bonded TNF specifically in the filter test
(Example 1). In the Western blot according to Towbin et al.
(see above) the proteins of these two bands did not react with
the anti-(55 kD TNF-BP) antibody produced according to
Example 3. They reacted, however, with a monoclonal anti-
body which had been produced starting from the 75 kD band
(anti-75 kD TNF-BP antibody) according to Example 3.

Example 7
Amino Acid Sequence Analysis

For the amino acid sequence analysis, the fractions which
had been obtained according to Example 5 and which were
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active according to the filter test (Example 1) were separated
using the SDS-PAGE conditions described in Example 6, but
now reducing (SDS sample buffer with 125 mM dithiothrei-
tol). The same bands as in Example 6 were found, but because
of'the reducing conditions ofthe SDS-PAGE in comparison to
Example 6 all showed an about 1-2 kD higher molecular
weight. These bands were then transferred according to
Example 6 on to PVDF membranes and stained with 0.15%
Serva-Blue in methanol/water/glacial acetic acid (50/400/10
parts by volume) for 1 minute, decolorized with methanol/
water/glacial acetic acid (45/48/7 parts by volume), rinsed
with water, dried in air and thereafter cut out. The conditions
given by Hunkapiller [34] were adhered to in all steps in order
to avoid N-terminal blocking. Initially, the purified TNF-BP
were used unaltered for the amino acid sequencing. In order
to obtain additional sequence information, the TNF-BP after
reduction and S-carboxymethylation [Jones, B. N. (1986) in
“Methods of Protein Micro-characterisation”, J. E. Shively,
ed., Humana Press, Clifton N. J., 124-125] were cleaved with
cyanogen bromide (Tarr, G. E. in “Methods of Protein Micro-
characterisation”, 165-166, loc. cit.), trypsin and/or protein-
ase K and the peptides were separated by HPLC according to
known methods of protein chemistry. Thus-prepared samples
were then sequenced in an automatic gas phase microse-
quencing apparatus (Applied Biosystems Model 470A, ABI,
Foster City, Calif., USA) with an on-line automatic HPL.C
PTH amino acid analyzer (Applied Biosystems Model 120,
ABI see above) connected to the outlet, whereby the follow-
ing amino acid sequences were determined:

1. For the 55 kD band (according to non-reducing SDS-
PAGE):

Leu-Val-Pro-His-Leu-Gly-Asp-Arg-Glu-Lys-Arg-Asp-
Ser-Val-Cys-Pro-Gln-Gly-Lys-Tyr-Ile-His-Pro-Gln-X -
Asn-Ser-lle (SEQ ID NO: 5),

and

Ser-Thr-Pro-Glu-Lys-Glu-Gly-Glu-Leu-Glu-Gly-Thr-
Thr-Thr-Lys (SEQ ID NO: 6) in which X stands for an
amino acid residue which could not be determined,

2. for the 5110 and 38 kD bands (according to non-reducing
SDS-PAGE):

Leu-Val-Pro-His-Leu-Gly-Asp-Arg-Glu (SEQ ID NO: 15)
3. for the 65 kD band (according to non-reducing SDS-
PAGE)

In the N-terminal sequencing of the 65 kD band two par-
allel sequences were determined up to the 15th residue
without interruption. Since one of the two sequences
corresponded to a partial sequence of ubiquitin [36, 37],
the following sequence was derived for the 65 kD band:

Leu-Pro-Ala-Gln-Val-Ala-Phe-X-Pro-Tyr-Ala-Pro-Glu-
Pro-Gly-Ser-Thr-Cys. (SEQ ID NO: 16)

in which X stands for an amino acid residue which could
not be determined.

Additional peptide sequences for 75(65) kDa-TNF-BP
were determined:
Ile-X-Pro-Gly-Phe-Gly-Val-Ala-Tyr-Pro-Ala-Leu-Glu
(SEQIDNO: 11)
and
Ser-Gln-Leu-Glu-Thr-Pro-Glu-Thr-Leu-Leu-Gly-Ser-Thr-
Glu-Glu-Lys-Pro-Leu (SEQ ID NO: 7) and Val-Phe-Cys-Thr
(SEQID NO: 8)
and
Asn-Gln-Pro-Gln-Ala-Pro-Gly-Val-Glu-Ala-Ser-Gly-Ala-
Gly-Glu-Ala (SEQ ID NO: 9) and Leu-Cys-Ala-Pro (SEQ ID
NO: 12)
and
Val-Pro-His-Leu-Pro-Ala-Asp SEQ ID NO: 13)
and
Gly-Ser-Gln-Gly-Pro-Glu-Gln-Gln-X-X-Leu-Ile-X-Ala-Pro
(SEQID NO: 14),
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in which X stands for an amino acid residue which could not
be determined.

Example 8

Determination of Base Sequences of Complementary
DNA (cDNA)

Starting from the amino acid sequence according to for-
mula TA there were synthesized having regard to the genetic
code for the amino acid residues 2-7 and 17-23 corresponding
completely degenerated oligonucleotides in suitable comple-
mentarity (“sense” and “antisense” oligonucleotides). Total
cellular RNA was isolated from HL60 cells [42, 43] and the
first cDNA strand was synthesized by oligo-dT priming or by
priming with the “antisense” oligonucleotide using a cDNA
synthesis kit (RPN 1256, Amersham, Amersham, England)
according to the instructions of the manufacturer. This cDNA
strand and the two synthesized degenerate “sense” and “anti-
sense” oligonucleotides were used in a polymerase chain
reaction (PCR, Perkin Elmer Cetus, Norwalk, Conn., USA
according to the instructions of the manufacturer) to synthe-
size as a cDNA fragment the base sequence coding for the
amino acid residues 8-16 (formula IA). The base sequence of
this c¢DNA fragment accorded to: 5-AGGGAGAA-
GAGAGATAGTGTGTGTCCC-3' (SEQ ID NO: 16). This
cDNA fragment was used as a probe in order to identify
according to a known procedure a cDNA clone coding for the
55 kD TNF-BP in a Agtl1-cDNA gene bank from human
placenta (42, 43). This clone was then cut according to usual
methods from the A-vector and cloned in the plasmids pUC18
(Pharmacia, Uppsala, Sweden) and pUC19 (Pharmacia, Upp-
sala, Sweden) and in the M13 mp18/M13 mp19 bacterioph-
age (Pharmacia, Uppsala, Sweden) (42, 43). The nucleotide
sequence of this cDNA clone was determined using a Seque-
nase kit (U.S. Biochemical, Cleveland, Ohio, USA) accord-
ing to the details of the manufacturer. The nucleotide
sequence and the amino acid sequence derived therefrom for
the 55 kD TNF-BP and its signal peptide (amino acid “-28
to amino acid “0”) is given in FIG. 1 using the abbreviations
for bases such as amino acids usual in the state of the art. From
sequence comparisons with other already known receptor
protein sequences there can be determined a N-terminal
domain containing approximately 180 amino acids and a
C-terminal domain containing 220 amino acids which are
separated from one another by a transmembrane region of 19
amino acids (underlined in FIG. 1) which is typical according
to the sequence comparisons. Hypothetical glycosylation
sites are characterized in FIG. 1 by asterisks above the corre-
sponding amino acid.

Essentially analogous techniques were used to identify
75/65kD TNF-BP-coding partial cDNA sequences, whereby,
however, in this case genomic human DNA and completely
degenerated 14-mer and 15-mer “sense” and “antisense” oli-
gonucleotides derived from peptide IIA were used in order to
produce a primary 26 by cDNA probe in a polymerase chain
reaction. This cDNA probe was then used in a HL.-60 cDNA
library to identify ¢cDNA clones of different lengths. This
c¢DNA library was produced using isolated HL.60 RNA and a
c¢DNA cloning kit (Amersham) according to the details of the
manufacturer. The sequence of such a cDNA clone is given in
FIG. 4 (SEQ ID NO: 28), whereby repeated sequencing lead
to the following correction as depicted in FIG. 6 (SEQ ID NO:
3). A threonine coded by “ACC” not “TCC”, has to be at
position 3 instead of the serine.
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Example 9

Expression in COS1 Cells

Vectors starting from the plasmid “pN11” were con-
structed for the expression in COS cells. The plasmid “pN11”
contains the efficient promotor and enhancer of the “major
immediate-early” gene of human -cytomegalovirus
(“HCMV”; Boshart et al., Cell 41, 521-530, 1985). After the
promotor there is situated a short DNA sequence which con-
tains several restriction cleavage sites, which are present only
once in the plasmid (“polylinker”), inter alia the cleavage
sites for HindIII, Ball, BamHI and Pvull (see sequence).

Pvull
5-AAGCTTGGCCAGGATCCAGCTGACT-
GACTGATCGCGAGATC-3' (SEQ ID NO: 17)
3-TTCGAACCGGTCCTAGGTCGACTGACT-
GACTAGCGCTCTAG-5' (SEQ ID NO: 18)

After these cleavage sites there are situated three transla-
tion stop codons in all three reading frames. After the
polylinker-sequence there is situated the 2nd intron and the
polyadenylation signal of the preproinsulin gene of the rat
(Lomedico et al., Cell 18, 545-558, 1979). The plasmid also
contains the replication origin of the SV40 virus and a frag-
ment from pBR322 which confers E. coli-bacteria ampicillin
resistance and permits the replication of the plasmidin £. coli.

For the construction of the expression vector “pN123”, this
plasmid “pN11” was cleaved the restriction endonuclease
Pvull and subsequently treated with alkaline phosphatase.
The dephosphorylated vector was thereafter isolated from an
agarose gel (V1). The 5'-projecting nucleotides of the EcoRI-
cleaved 1.3 kb fragment of the 55 kD TNF-BP-cDNA (see
Example 8) were filled in using Klenow enzyme. Subse-
quently, this fragment was isolated from an agarose gel (F1).
Thereafter, V1 and F1 were joined together using T4-ligase.
E. coli HB101 cells were then transformed with this ligation
batch according to known methods [42]. By means of restric-
tion analyses and DNA sequencing according to known meth-
ods [42] there were identified transformants which had been
transformed with a plasmid and which contained the 1.3 kb
EcoRI fragment of the 55 kD TNF-BP-cDNA in the correct
orientation for expression via the HCMV-promoter. This vec-
tor received the designation “pN123”.

The following procedure was used for the construction of
the vector “pK19”. A DNA fragment which contained only
the ¢cDNA coding for the extracellular part of the 55 kD
TNF-BP (amino acids —28 to 182 according to FIG. 1) was
obtained by PCR technology (Saiki et al., Science 230, 1350-
1354, 1985, see also Example 8). The following oligonucle-
otides were used in order to amplify the cDNA from “pN123”
coding for the extracellular part of the 55 kD TNF-BP:

BAMHI
5'-CACAGGGATCCATAGCTGTCTG-
GCATGGGCCTCTCCAC-3' (SEQ ID NO: 19)

ASP718

3'-CGTGACTCCTGAGTCCGTGGTGTAT-
TATCTCTAGACCA TGGCCC-5' (SEQ ID NO: 20)

By means of these oligonucleotides there were also intro-
duced two stop codons of the translation after amino acid 182.
The thus-amplified DNA fragment was cleaved with BamHI
and Asp718, the thereby resulting projecting ends were filled
in using Klenow enzyme and this fragment was subsequently
isolated from an agarose gel (F2). F2 was then ligated with V1
and the entire batch was used for the transformation of . coli
HB101, as already described. Transformants which had been
transformed with a plasmid containing the DNA fragment in
the correct orientation for the expression via the HCMV-
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promoter were identified by DNA sequencing (see above).
The plasmid isolated therefrom received the designation
“pK19”.

Transfection of the COS cells with the plasmids “pN123”
or “pK19” was carried out according to the lipofection
method published by Felgner et al. (Proc. Natl. Acad. Sci.
USA 84, 7413-7417, 1987). 72 hours after the transfection
had been effected the cells transfected with “pN123” were
analyzed for binding with **I-TNFa. according to known
methods. The results of the Scatchard analysis [Scatchard, G.,
Ann. N.Y. Acad. Sci. 51, 660, 1949] of the thus-obtained
binding data (FIG. 2A) is given in FIG. 2B. The culture
supernatants of the cells transfected with “pK19” were inves-
tigated in a “sandwich” test. For this purpose, PVC microtitre
plates (Dynatech, Arlington, Va., USA) were sensitized with
100 pl/well of a rabbit-anti-mouse immunoglobulin (10
ng/ml PBS). Subsequently, the plates were washed and incu-
bated (3 hours, 20° C.) with an anti-55 kD TNF-BP antibody
which had been detected by its antigen binding and isolated
according to Example 3, but which did not inhibit the TNF-
binding to cells. The plates were then again washed and
incubated overnight at 4° C. with 100 pl/well of the culture
supernatant (diluted 1:4 with buffer A containing 1%
skimmed milk powder: 50 mM Tris/HCI pH 7.4, 140 mM
NaCl, 5 mM EDTA, 0.02% Na azide). The plates were emp-
tied and incubated at 4° C. for 2 hours with buffer A contain-
ing '*’I-TNFa. (10° cpm/ml, 100 pl/well) with or without the
addition of 2 pg/ml of unlabelled TNF. Thereafter, the plates
were washed 4 times with PBS, the individual wells were cut
out and measured in a A-counter. The results of 5 parallel
transfections (columns #2, 3, 4, 6 and 7), of two control
transfections with the pN11 vector (columns #1, 5) and of a
control with HL60 cell lysate (column #8) are given in FIG. 3.

Example 10
Expression in Insect Cells

The plasmid “pVL941” (Luckow and Summers, 1989,
“High Level Expression of Nonfused Foreign Genes with
Autographa california Nuclear Polyhedrosis virus Expres-
sion Vectors”, Virology 170, 31-39) was used for the expres-
sion in a baculovirus expression system and was modified as
follows. The single EcoRI restriction cleavage site in
“pVL941” was removed by cleaving the plasmid with EcoRI
and the projecting 5'-end was filled in with Klenow enzyme.
The plasmid pVL941/E obtained therefrom was digested
with BamHI and Asp718 and the vector trunk was subse-
quently isolated from an agarose gel. This fragment was
ligated with a synthetic oligonucleotide of the following
sequence:

BamHI EcoRI Asp718

5'-GATCCAGAATTCATAATAG-3' (SEQ ID NO: 21)

3-GTCTTAAGTATTATCCATG-5' (SEQ ID NO: 22)

E. coli HB101 was transformed with the ligation batch and
transformants containing a plasmid in which the oligonucle-
otide had been incorporated correctly were identified by
restriction analysis and DNA sequencing according to known
methods (see above); this plasmid was named “pNR704”. For
the construction of the transfer vector “pN113”, this plasmid
“pNR704” was cleaved with EcoRI, treated with alkaline
phosphatase and the thus-produced vector trunk (V2) was
subsequently isolated from an agarose gel. The 1.3 kb frag-
ment of the 55 kD TNF-BP-cDNA cleaved with EcoRI as
above was ligated with fragment V2. Transformants obtained
with this ligation batch, which contained a plasmid contain-
ing the cDNA insert in the correct orientation for the expres-
sion via the polyhedron promoter, were identified (see
above). The vector isolated therefrom received the designa-
tion “pN113”.
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The following procedure was used for the construction of
the transfer vector “pN119”. The 1.3 kb EcoRI/EcoRI frag-
ment of the 55 kD TNF-BP ¢DNA in the “pUC19” plasmid
(see Example 8) was digested with Banl and ligated with the
following synthetic oligonucleotide:

Banl Asp718

5'-GCACCACATAATAGAGATCTGGTACCGGGAA-3'
(SEQID NO: 23)

3'-GTGTATTATCTCTAGACCATGGCCC-5' (SEQ 1D
NO: 24)

Two stop codons of the translation after amino acid 182 and
a cleavage site for the restriction endonuclease Asp718 are
incorporated with the above adaptor. After carrying out liga-
tion the batch was digested with EcoRI and Asp718 and the
partial 55 kD TNF-BP fragment (F3) was isolated. Further-
more, the plasmid “pNR704”, likewise cleaved with Asp718
and EcoRI, was ligated with F3 and the ligation batch was
transformed into E. coli HB101. The identification of the
transformants which contained a plasmid in which the partial
55 kD TNF-BP ¢DNA had been correctly integrated for the
expression was effected as already described. The plasmid
isolated from these transformants received the name
“pN119”.

The following procedure was used for the construction of
the transfer vector “pN124”. The cDNA fragment coding for
the extracellular part of the 55 kD TNF-BP, described in
Example 9, was amplified with the specified oligonucleotides
with the aid of PCR technology as described in Example 9.
This fragment was cleaved with BamHI and Asp718 and
isolated from an agarose gel (F4). The plasmid “pNR704”
was also cleaved with BamHI and Asp718 and the vector
trunk (V4) was isolated (see above). The fragments V4 and F4
were ligated, E. coli HB101 was transformed therewith and
the recombinant transfer vector “pN124” was identified and
isolated as described.

The following procedure was used for the transfection of
the insect cells. 3 pg of the transfer vector “pN113” were
transfected with 1 pg of DNA of the Autographa californica
nuclear polyhedrosisvirus (AcMNPV) (EP 127839) in Sf9
cells (ATCC CRL 1711). Polyhedron-negative viruses were
identified and purified from “plaques” [52]. Sf9 cells were
again infected with these recombinant viruses as described in
[52]. After 3 days in the culture the infected cells were inves-
tigated for TNF-binding using '**I-TNFa.. For this purpose,
the transfected cells were washed from the cell culture dish
with a Pasteur pipette and resuspended at a cell density of
5x10° cells/ml of culture medium [52] which contained 10
ng/ml of ***I-TNF-c., not only in the presence of, but also in
the absence of 5 ug/ml of non-labelled TNF-a and incubated
onice for 2 hours. Thereafter, the cells were washed with pure
culture medium and the cell-bound radioactivity was counted
in a y-counter (see Table 2).

TABLE 2

Cell-bound
radioactivity

Cells per 10° cells

Non-infected cells (control)
Infected cells

60 cpm
1600 + 330 cpm V)

D Average and standard deviation from 4 experiments

Example 11

Analogously to the procedure described in Example 9, the
c¢DNA fragment coding for the extracellular region of the 55
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kDa TNF-BP was amplified in a polymerase chain reaction,
but now using the following oligonucleotides as the primer:
Oligonucleotide 1:

Sst 1
5'-TAC GAG CTC GGC CAT AGC TGT CTG GCA TG-3'
(SEQ ID NO: 25)

Oligonucleotide 2:

Sst 1
5'-ATA GAG CTC TGT GGT GCC TGA GTC CTC AG-3'
(SEQ ID NO: 26)

This cDNA fragment was ligated in the pCD4-Hy3 vector
[DSM 5523; European Patent Application No. 90107393.2;
Japanese Patent Application No. 108967/90; U.S. patent
application Ser. No. 51/077,390] from which the CD4-cDNA
had been removed via the Sstl restriction cleavage sites. Sstl
cleavage sites are situated in vector pCD4-Hy3 not only in
front of, but also behind the CD4-partial sequence fragment.
The construction was transfixed in J558 myeloma cells
(ATCC No. TIB6) by means of protoplast fusion according to
Oi et al. (Procd. Natl. Acad. Sci. USA 80, 825-829, 1983).
Transfectants were selected by adding 5 pg/ml of mycophe-
nolic acid and 250 pg/ml of xanthin (Traunecker et al., Eur. J.
Immunol. 16, 851-854 [1986]) in basic medium (Dulbecco’s
modified Eagle’s Medium, 10% foetal calf serum, 5x107°M
2-mercaptoethanol). The expression product secreted by the
transfixed cells could be purified using usual methods of
protein chemistry, e.g. TNF-BP-antibody affinity chromatog-
raphy. Unless not already specifically indicated, standard pro-
cedures as described e.g. by Freshney, R. 1. in “Culture of
Animal Cells”, Alan R. Liss, Inc., New York (1983) were used
for the cultivation of the cell lines employed, for the cloning,
for the selection or for the expansion of the cloned cells.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 29

<210> SEQ ID NO 1

<211> LENGTH: 2111

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 1

gaattcgggyg gggttcaaga tcactgggac caggccgtga tctectatgec cgagtctcaa 60
ccectcaactyg tcaccccaag gecacttggga cgtectggac agaccgagtce ccgggaagcec 120
ccagcactge cgctgecaca ctgccctgag cccaaatggyg ggagtgagag gccatagetg 180
tctggecatgg gectctecac cgtgcctgac ctgetgetge cgetggtget cctggagetg 240
ttggtgggaa tatacccctc aggggttatt ggactggtce ctcacctagg ggacagggag 300
aagagagata gtgtgtgtcc ccaaggaaaa tatatccacc ctcaaaataa ttcgatttge 360
tgtaccaagt gccacaaagg aacctacttg tacaatgact gtccaggcce ggggcaggat 420
acggactgca gggagtgtga gagcggctece ttcaccgett cagaaaacca cctcagacac 480
tgcctecaget getccaaatg ccgaaaggaa atgggtcagyg tggagatcte ttcttgcaca 540
gtggaccggyg acaccgtgtyg tggctgcagg aagaaccagt accggcatta ttggagtgaa 600
aaccttttce agtgcttcaa ttgcagcecte tgectcaatyg ggaccgtgca cctctectge 660
caggagaaac agaacaccgt gtgcacctge catgcaggtt tctttctaag agaaaacgag 720
tgtgtctect gtagtaactg taagaaaagce ctggagtgca cgaagttgtg cctaccccag 780
attgagaatg ttaagggcac tgaggactca ggcaccacag tgctgttgcce cctggtcatt 840
ttectttggte tttgcctttt atccctecte ttcecattggtt taatgtatcg ctaccaacgg 900
tggaagtcca agctctactc cattgtttgt gggaaatcga cacctgaaaa agagggggag 960
cttgaaggaa ctactactaa gcccctggece ccaaacccaa gcttcagtece cactccaggce 1020
ttcacccecca ccctgggett cagtcccgtg cecagtteca ccttcaccte cagctcecacce 1080

tatacccececg gtgactgtece caactttgeg getccceccgca gagaggtgge accaccctat 1140

cagggggetyg accccatcect tgegacagece ctegectceg accccatcce caacccectt 1200

cagaagtggyg aggacagcgce ccacaagceca cagagcectag acactgatga ccccgegacyg 1260

ctgtacgccg tggtggagaa cgtgcccceg ttgcgetgga aggaattegt geggcgecta 1320

gggctgageg accacgagat cgatcggetyg gagetgecaga acgggegetyg cctgegegag 1380

gcgcaataca gcatgetgge gacctggagyg cggegeacge cgeggegega ggecacgetg 1440

gagctgetgg gacgcgtget cegcgacatg gacctgetgg getgcectgga ggacatcgag 1500

gaggcgcettt gecggcecccge cgecctececcg cccgegececa gtettetcag atgaggcetge 1560
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gecectgegy

tggaaaggag

cectegatgt

c¢gcggagaga

acgctatgec

gttcegtcect

gttttgtttt

cctggacaag

ggccttcage

gcagctctaa

gggtcctgcea

acatagcttt

ggthgCCgt

tcatgeccegt

gagcettttt

taaatcaatc

cacatagcaa

tggagctgtg

aacccgaatt ¢

<210> SEQ ID NO 2
<211> LENGTH: 455
<212> TYPE:

<213> ORGANISM:

PRT

<400> SEQUENCE: 2

ggaccgtect

ggggcaagca

tctecagetge

gggctcaaga

tttgggtgte

cacagtgcat

atgttacact

gctgaactgt

gacttttgta

Homo sapiens

Met Gly Leu Ser Thr Val Pro Asp

1

Glu

Tyr

Gly

65

Cys

Arg

Glu

Lys

Asn

145

Lys

Asn

Lys

Gly

Leu

225

Ser

Gly

Phe

Leu

Leu

Ile

50

Thr

Arg

His

Ile

Asn

130

Cys

Gln

Glu

Leu

Thr

210

Ser

Lys

Glu

Ser

Leu

Gly

35

His

Tyr

Glu

Cys

Ser

115

Gln

Ser

Asn

Cys

Cys

195

Thr

Leu

Leu

Leu

Pro

Val Gly Ile Tyr Pro

Asp Arg Glu Lys Arg

40

Pro Gln Asn Asn Ser

55

Leu Tyr Asn Asp Cys

70

Cys Glu Ser Gly Ser

85

Leu Ser Cys Ser Lys

100

Ser Cys Thr Val Asp

120

Tyr Arg His Tyr Trp

135

Leu Cys Leu Asn Gly
150

Thr Val Cys Thr Cys

165

Val Ser Cys Ser Asn

180

Leu Pro Gln Ile Glu

200

Val Leu Leu Pro Leu

215

Leu Phe Ile Gly Leu
230

Tyr Ser Ile Val Cys

245

Glu Gly Thr Thr Thr

260

Thr Pro Gly Phe Thr

gcgagatege
ggagctagca
ctgegegeeyg
gectgagtgg
ctcaccageca
aagcagtttt
aatagaaact
cctaaggcag

catacactaa

Leu Leu Leu
10

Ser Gly Val
25

Asp Ser Val

Ile Cys Cys

Pro Gly Pro

75

Phe Thr Ala
90

Cys Arg Lys
105

Arg Asp Thr

Ser Glu Asn

Thr Val His

155

His Ala Gly
170

Cys Lys Lys
185

Asn Val Lys

Val Ile Phe

Met Tyr Arg
235

Gly Lys Ser
250

Lys Pro Leu
265

Pro Thr Leu

cttccaacce cactttttte

gecegectact

ccgacagtca

gtggtttgeg

aggctgeteg

ttttgteeet

tggcactect

gggcgagcac

aattctgaag

Pro

Ile

Cys

Thr

60

Gly

Ser

Glu

Val

Leu

140

Leu

Phe

Ser

Gly

Phe

220

Tyr

Thr

Ala

Gly

Leu

Gly

Pro

45

Lys

Gln

Glu

Met

Cys

125

Phe

Ser

Phe

Leu

Thr

205

Gly

Gln

Pro

Pro

Phe

Val

Leu

30

Gln

Cys

Asp

Asn

Gly

110

Gly

Gln

Cys

Leu

Glu

190

Glu

Leu

Arg

Glu

Asn

270

Ser

tggtgctaac
gegetgtgeg
aggatgaggg
ggggeccctg
gttttgtttt
gtgcecctetyg

ggaacaatgg

ttaaaaaaaa

Leu Leu
15

Val Pro

Gly Lys

His Lys

Thr Asp

80

His Leu

Gln Val

Cys Arg

Cys Phe

Gln Glu

160

Arg Glu
175

Cys Thr

Asp Ser

Cys Leu

Trp Lys

240

Lys Glu
255

Pro Ser

Pro Val

1620

1680

1740

1800

1860

1920

1980

2040

2100

2111



27

US 8,163,522 B1

28

-continued
275 280 285
Pro Ser Ser Thr Phe Thr Ser Ser Ser Thr Tyr Thr Pro Gly Asp Cys
290 295 300
Pro Asn Phe Ala Ala Pro Arg Arg Glu Val Ala Pro Pro Tyr Gln Gly
305 310 315 320
Ala Asp Pro Ile Leu Ala Thr Ala Leu Ala Ser Asp Pro Ile Pro Asn
325 330 335
Pro Leu Gln Lys Trp Glu Asp Ser Ala His Lys Pro Gln Ser Leu Asp
340 345 350
Thr Asp Asp Pro Ala Thr Leu Tyr Ala Val Val Glu Asn Val Pro Pro
355 360 365
Leu Arg Trp Lys Glu Phe Val Arg Arg Leu Gly Leu Ser Asp His Glu
370 375 380
Ile Asp Arg Leu Glu Leu Gln Asn Gly Arg Cys Leu Arg Glu Ala Gln
385 390 395 400
Tyr Ser Met Leu Ala Thr Trp Arg Arg Arg Thr Pro Arg Arg Glu Ala
405 410 415
Thr Leu Glu Leu Leu Gly Arg Val Leu Arg Asp Met Asp Leu Leu Gly
420 425 430
Cys Leu Glu Asp Ile Glu Glu Ala Leu Cys Gly Pro Ala Ala Leu Pro
435 440 445
Pro Ala Pro Ser Leu Leu Arg
450 455
<210> SEQ ID NO 3
<211> LENGTH: 2339
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 3
tcggacacceg tgtgtgactce ctgtgaggac agcacataca cccagctcetyg gaactgggtt 60
ccegagtget tgagetgtgg ctecccgetgt agetctgace aggtggaaac tcaagectge 120
actcgggaac agaaccgcat ctgcacctge aggeccgget ggtactgege gctgagcaag 180
caggaggggt gccggetgtg cgecgeegetyg cegaagtgece gecegggett cggegtggece 240
agaccaggaa ctgaaacatc agacgtggtg tgcaagccct gtgeccceggyg gacgttetcee 300
aacacgactt catccacgga tatttgcagg ccccaccaga tctgtaacgt ggtggecate 360
cctgggaatyg caagcaggga tgcagtctge acgtccacgt ccececcacceyg gagtatggece 420
ccaggggcag tacacttacc ccagccagtg tccacacgat cccaacacac gcagccaagt 480
ccagaaccca gcactgcectce aagcacctece ttectgetece caatgggecce cagceccccca 540
gctgaaggga gcactggcga cttegetett ccagttggac tgattgtggg tgtgacagece 600
ttgggtctac taataatagg agtggtgaac tgtgtcatca tgacccaggt gaaaaagaag 660
cecttgtgee tgcagagaga agccaaggtg cctcacttge ctgecgataa ggcccggggt 720
acacagggcce ccgagcagca gcacctgetg atcacagege cgagctccag cagcagetce 780
ctggagagcet cggccagtge gttggacaga agggcgccca cteggaacca gccacaggca 840
ccaggegtgg aggccagtgg ggccggggag geccgggeca gcaccgggayg ctcagcagat 900
tctteccetyg gtggecatgg gacccaggte aatgtcacct gcatcgtgaa cgtctgtage 960
agctctgace acagctcaca gtgctectece caagccaget ccacaatggyg agacacagat 1020
tccageccct cggagteccce gaaggacgag caggtccect tcetcecaagga ggaatgtgece 1080
ttteggtcac agctggagac gccagagacce ctgetgggga gcaccgaaga gaagceccctg 1140
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ccecttggag
cgtagccaag
ggcccccace
agccgeagec
ctgetgecat
ggggcaagte
ctggageect
tctgeccage
agaggaggga
agactgcggg
gggtccttea
tcacgectat
gttcgagace
geegggegtyg
cgtttgaacc
tgggcgacag
aacttgtecct
catattcagt
tttaaaaaag
cacatccaac
<210> SEQ I
<211> LENGT.

<212> TYPE:
<213> ORGAN

tgcctgatge
gtggctgage
actaggactc
tcecctetgac
ggegtgtece
cctgagtete
tgggtttttt
tctggettec
tgctgectga
atggtcctgg
agttagctca
gatcccagca
agcctggeca
gtggegggcea
cgggaagegyg
agcgagagtce
tttgtaccat
getgtggect
taagtaccac
cccecacety
D NO 4

H: 392
PRT

tgggatgaag
cctggecagga
tgaggctett
ctgcaggeca
tcteggaagy
tgtgacctge
gtttgtttgt
agaaaacccc
gtcacccatyg
ggctectgtge
ggaggettgg
ctttgggagg
acatggtaaa
cctatagtee
aggttgcagg
tgtctcaaaa
ggtgtgaaag
gggcaagata
tcaggccaac

ccatttgcac

ISM: Homo sapiens

<400> SEQUENCE: 4

Ser Asp Thr
1

Trp Asn Trp

Asp Gln Val

Thr Cys Arg
50

Arg Leu Cys
65

Arg Pro Gly

Gly Thr Phe

Gln Ile Cys
115

Val Cys Thr
130

His Leu Pro
145

Pro Glu Pro

Val Cys Asp Ser Cys

Val Pro Glu Cys Leu

20

Glu Thr Gln Ala Cys

40

Pro Gly Trp Tyr Cys

55

Ala Pro Leu Pro Lys

70

Thr Glu Thr Ser Asp

85

Ser Asn Thr Thr Ser

100

Asn Val Val Ala Ile

120

Ser Thr Ser Pro Thr

135

Gln Pro Val Ser Thr
150

Ser Thr Ala Pro Ser

cccagttaac
tgaccctgeg
tctgggecaa
agagcagagg
ctggetggge
ccegeccage
ttgtttgttt
agcatccttt
aagacaggac
agggaggagg
aaagcatcac
ctgaggcggg
accccatete
cagctactca
gagccgagat
gaaaaaaaaa
tcagatgece
acgcacttct
aagccaacga

cctecgectt

Glu Asp Ser
10

Ser Cys Gly
25

Thr Arg Glu

Ala Leu Ser

Cys Arg Pro

75

Val Val Cys
90

Ser Thr Asp
105

Pro Gly Asn

Arg Ser Met

Arg Ser Gln

155

Thr Ser Phe

caggccggtg tgggctgtgt

aaggggcect

gttectctag

cagcgagttyg

atggacgttce

tgcacctgee

gtttgtttet

tctgcagagyg

agtgcttcag

tggcagcect

ctcaggecag

tggatcacct

tactaaaaat

gaagcctgag

cacgccactyg

aagcaccgec

agagggccca

aactagaaat

caaagccaaa

cactceggty

Thr

Ser

Gln

Lys

60

Gly

Lys

Ile

Ala

Ala

140

His

Leu

Tyr

Arg

Asn

45

Gln

Phe

Pro

Cys

Ser

125

Pro

Thr

Leu

Thr

Cys

30

Arg

Glu

Gly

Cys

Arg

110

Arg

Gly

Gln

Pro

ggtcctteca
tgcecctecac
tggaaagcect
ggggcatget
agcctggett
ccecectggge
ggctttetgg
cctgaggety
gtagggaacg
gtgcagtgge
gaggttagga
acagaaatta
getgggaaat
cactccagee
tccaaatget
ggcaggccac
ctgccaattt
ctctgecage

tgcctgeag

Gln Leu
15

Ser Ser

Ile Cys

Gly Cys

Val Ala

80

Ala Pro
95

Pro His

Asp Ala

Ala Val

Pro Ser
160

Met Gly

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2339
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32

Pro

Gly

Val

Gln

225

Thr

Ser

Pro

Gly

Gly

305

Ser

Gly

Pro

Glu

Pro
385

<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>

<400>

Ser

Leu

Asn

210

Arg

Gln

Ser

Thr

Glu

290

His

Ser

Asp

Phe

Thr

370

Asp

Pro

Ile

195

Cys

Glu

Gly

Ser

Arg

275

Ala

Gly

Asp

Thr

Ser

355

Leu

Ala

Pro

180

Val

Val

Ala

Pro

Ser

260

Asn

Arg

Thr

His

Asp

340

Lys

Leu

Gly

PRT

SEQUENCE :

165

Ala

Gly

Ile

Lys

Glu

245

Leu

Gln

Ala

Gln

Ser

325

Ser

Glu

Gly

Met

SEQ ID NO 5
LENGTH:
TYPE :
ORGANISM: Artificial sequence
FEATURE:
OTHER INFORMATION:
FEATURE:
NAME/KEY: misc_feature
LOCATION:

28

Glu

Val

Met

Val

230

Gln

Glu

Pro

Ser

Val

310

Ser

Ser

Glu

Ser

Lys
390

Gly

Thr

Thr

215

Pro

Gln

Ser

Gln

Thr

295

Asn

Gln

Pro

Cys

Thr

375

Pro

Ser

Ala

200

Gln

His

His

Ser

Ala

280

Gly

Val

Cys

Ser

Ala

360

Glu

Ser

Thr

185

Leu

Val

Leu

Leu

Ala

265

Pro

Ser

Thr

Ser

Glu

345

Phe

Glu

170

Gly

Gly

Lys

Pro

Leu

250

Ser

Gly

Ser

Cys

Ser

330

Ser

Arg

Lys

Asp

Leu

Lys

Ala

235

Ile

Ala

Val

Ala

Ile

315

Gln

Pro

Ser

Pro

Synthetic peptide

(25) .. (25)

5

OTHER INFORMATION: Xaa

Phe

Leu

Lys

220

Asp

Thr

Leu

Glu

Asp

300

Val

Ala

Lys

Gln

Leu
380

Ala

Ile

205

Pro

Lys

Ala

Asp

Ala

285

Ser

Asn

Ser

Asp

Leu

365

Pro

= unknown amino acid

Leu

190

Ile

Leu

Ala

Pro

Arg

270

Ser

Ser

Val

Ser

Glu

350

Glu

Leu

175

Pro

Gly

Cys

Arg

Ser

255

Arg

Gly

Pro

Cys

Thr

335

Gln

Thr

Gly

Val

Val

Leu

Gly

240

Ser

Ala

Ala

Gly

Ser

320

Met

Val

Pro

Val

Leu Val Pro His Leu Gly Asp Arg Glu Lys Arg Asp Ser Val Cys Pro

1

5

10

Gln Gly Lys Tyr Ile His Pro Gln Xaa Asn Ser Ile

<210>
<211>
<212>
<213>
<220>
<223>

<400>

20

PRT

SEQUENCE :

SEQ ID NO 6
LENGTH:
TYPE :
ORGANISM: Artificial sequence
FEATURE:
OTHER INFORMATION:

15

6

25

Synthetic peptide

15

Ser Thr Pro Glu Lys Glu Gly Glu Leu Glu Gly Thr Thr Thr Lys

1

5

<210> SEQ ID NO 7

<211> LENGTH:

18

10

15
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33

-continued

34

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 7

Ser Gln Leu Glu Thr Pro Glu Thr Leu Leu Gly Ser Thr Glu Glu Lys
1 5 10 15

Pro Leu

<210> SEQ ID NO 8

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 8

Val Phe Cys Thr
1

<210> SEQ ID NO 9

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 9

Asn Gln Pro Gln Ala Pro Gly Val Glu Ala Ser Gly Ala Gly Glu Ala
1 5 10 15

<210> SEQ ID NO 10

<211> LENGTH: 18

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (8)..(8)

<223> OTHER INFORMATION: Xaa = unknown amino acid

<400> SEQUENCE: 10

Leu Pro Ala Gln Val Ala Phe Xaa Pro Tyr Ala Pro Glu Pro Gly Ser
1 5 10 15

Thr Cys

<210> SEQ ID NO 11

<211> LENGTH: 13

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (2)..(2)

<223> OTHER INFORMATION: Xaa = unknown amino acid

<400> SEQUENCE: 11

Ile Xaa Pro Gly Phe Gly Val Ala Tyr Pro Ala Leu Glu
1 5 10

<210> SEQ ID NO 12

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence
<220> FEATURE:
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-continued

<223> OTHER INFORMATION: Synthetic peptide
<400> SEQUENCE: 12

Leu Cys Ala Pro
1

<210> SEQ ID NO 13

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 13

Val Pro His Leu Pro Ala Asp
1 5

<210> SEQ ID NO 14

<211> LENGTH: 15

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (9).. (10

<223> OTHER INFORMATION: Xaa = unknown amino acid
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (13)..(13)

<223> OTHER INFORMATION: Xaa = unknown amino acid

<400> SEQUENCE: 14

Gly Ser Gln Gly Pro Glu Gln Gln Xaa Xaa Leu Ile Xaa Ala Pro
1 5 10 15

<210> SEQ ID NO 15

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 15

Leu Val Pro His Leu Gly Asp Arg Glu
1 5

<210> SEQ ID NO 16

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 16

agggagaaga gagatagtgt gtgtccc 27
<210> SEQ ID NO 17

<211> LENGTH: 41

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 17

aagcttggece aggatccage tgactgactg atcgegagat ¢ 41

<210> SEQ ID NO 18
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37

-continued

38

<211> LENGTH: 41

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Antisense primer

<400> SEQUENCE: 18

gatctegega tcagtcagte agetggatce tggccaaget t

<210> SEQ ID NO 19

<211> LENGTH: 38

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 19

cacagggatc catagetgte tggcatggge ctetecac

<210> SEQ ID NO 20

<211> LENGTH: 44

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Antisense primer

<400> SEQUENCE: 20

cceggtacca gatctetatt atgtggtgece tgagtectca gtge

<210> SEQ ID NO 21

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 21

gatccagaat tcataatag

<210> SEQ ID NO 22

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Antisense primer

<400> SEQUENCE: 22

gtacctatta tgaattctg

<210> SEQ ID NO 23

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 23

gcaccacata atagagatct ggtaccggga a

<210> SEQ ID NO 24

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Antisense primer

<400> SEQUENCE: 24

41

38

44

19

19

31



US 8,163,522 B1

39

-continued

40

cceggtacca gatctetatt atgtg

<210> SEQ ID NO 25

<211> LENGTH: 29

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 25

tacgagctcg gccatagetg tctggeatg
<210> SEQ ID NO 26

<211> LENGTH: 29

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer
<400> SEQUENCE: 26

atagagctct gtggtgectg agtcecteag
<210> SEQ ID NO 27

<211> LENGTH: 461

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 27

Met Ala Pro Val Ala Val Trp Ala Ala Leu Ala Val Gly Leu Glu
1 5 10 15

Trp Ala Ala Ala His Ala Leu Pro Ala Gln Val Ala Phe Thr Pro
20 25 30

Ala Pro Glu Pro Gly Ser Thr Cys Arg Leu Arg Glu Tyr Tyr Asp
35 40 45

Thr Ala Gln Met Cys Cys Ser Lys Cys Ser Pro Gly Gln His Ala
Val Phe Cys Thr Lys Thr Ser Asp Thr Val Cys Asp Ser Cys Glu
65 70 75

Ser Thr Tyr Thr Gln Leu Trp Asn Trp Val Pro Glu Cys Leu Ser
85 90 95

Gly Ser Arg Cys Ser Ser Asp Gln Val Glu Thr Gln Ala Cys Thr
100 105 110

Glu Gln Asn Arg Ile Cys Thr Cys Arg Pro Gly Trp Tyr Cys Ala
115 120 125

Ser Lys Gln Glu Gly Cys Arg Leu Cys Ala Pro Leu Arg Lys Cys
130 135 140

Pro Gly Phe Gly Val Ala Arg Pro Gly Thr Glu Thr Ser Asp Val
145 150 155

Cys Lys Pro Cys Ala Pro Gly Thr Phe Ser Asn Thr Thr Ser Ser
165 170 175

Asp Ile Cys Arg Pro His Gln Ile Cys Asn Val Val Ala Ile Pro
180 185 190

Asn Ala Ser Met Asp Ala Val Cys Thr Ser Thr Ser Pro Thr Arg
195 200 205

Met Ala Pro Gly Ala Val His Leu Pro Gln Pro Val Ser Thr Arg
210 215 220

Gln His Thr Gln Pro Thr Pro Glu Pro Ser Thr Ala Pro Ser Thr
225 230 235

Phe Leu Leu Pro Met Gly Pro Ser Pro Pro Ala Glu Gly Ser Thr

Leu

Tyr

Gln

Lys

Asp

80

Cys

Arg

Leu

Arg

Val

160

Thr

Gly

Ser

Ser

Ser

240

Gly

25

29

29
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42

-continued
245 250 255
Asp Phe Ala Leu Pro Val Gly Leu Ile Val Gly Val Thr Ala Leu Gly
260 265 270
Leu Leu Ile Ile Gly Val Val Asn Cys Val Ile Met Thr Gln Val Lys
275 280 285
Lys Lys Pro Leu Cys Leu Gln Arg Glu Ala Lys Val Pro His Leu Pro
290 295 300
Ala Asp Lys Ala Arg Gly Thr Gln Gly Pro Glu Gln Gln His Leu Leu
305 310 315 320
Ile Thr Ala Pro Ser Ser Ser Ser Ser Ser Leu Glu Ser Ser Ala Ser
325 330 335
Ala Leu Asp Arg Arg Ala Pro Thr Arg Asn Gln Pro Gln Ala Pro Gly
340 345 350
Val Glu Ala Ser Gly Ala Gly Glu Ala Arg Ala Ser Thr Gly Ser Ser
355 360 365
Asp Ser Ser Pro Gly Gly His Gly Thr Gln Val Asn Val Thr Cys Ile
370 375 380
Val Asn Val Cys Ser Ser Ser Asp His Ser Ser Gln Cys Ser Ser Gln
385 390 395 400
Ala Ser Ser Thr Met Gly Asp Thr Asp Ser Ser Pro Ser Glu Ser Pro
405 410 415
Lys Asp Glu Gln Val Pro Phe Ser Lys Glu Glu Cys Ala Phe Arg Ser
420 425 430
Gln Leu Glu Thr Pro Glu Thr Leu Leu Gly Ser Thr Glu Glu Lys Pro
435 440 445
Leu Pro Leu Gly Val Pro Asp Ala Gly Met Lys Pro Ser
450 455 460
<210> SEQ ID NO 28
<211> LENGTH: 2339
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 28
tcggacteeg tgtgtgactce ctgtgaggac agcacataca cccagctcetyg gaactgggtt 60
ccegagtget tgagetgtgg ctecccgetgt agetctgace aggtggaaac tcaagectge 120
actcgggaac agaaccgcat ctgcacctge aggeccgget ggtactgege gctgagcaag 180
caggaggggt gccggetgtg cgecgeegetyg cegaagtgece gecegggett cggegtggece 240
agaccaggaa ctgaaacatc agacgtggtg tgcaagccct gtgeccceggyg gacgttetcee 300
aacacgactt catccacgga tatttgcagg ccccaccaga tctgtaacgt ggtggecate 360
cctgggaatyg caagcaggga tgcagtctge acgtccacgt ccececcacceyg gagtatggece 420
ccaggggcag tacacttacc ccagccagtg tccacacgat cccaacacac gcagccaagt 480
ccagaaccca gcactgcectce aagcacctece ttectgetece caatgggecce cagceccccca 540
gctgaaggga gcactggcga cttegetett ccagttggac tgattgtggg tgtgacagece 600
ttgggtctac taataatagg agtggtgaac tgtgtcatca tgacccaggt gaaaaagaag 660
cecttgtgee tgcagagaga agccaaggtg cctcacttge ctgecgataa ggcccggggt 720
acacagggcce ccgagcagca gcacctgetg atcacagege cgagctccag cagcagetce 780
ctggagagcet cggccagtge gttggacaga agggcgccca cteggaacca gccacaggca 840
ccaggegtgg aggccagtgg ggccggggag geccgggeca gcaccgggayg ctcagcagat 900
tctteccetyg gtggecatgg gacccaggte aatgtcacct gcatcgtgaa cgtctgtage 960
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-continued

agctctgace
tccagecect
ttteggtcac
ccecttggag
cgtagccaag
ggcccccace
agccgeagec
ctgetgecat
ggggcaagte
ctggageect
tctgeccage
agaggaggga
agactgcggyg
gggtccttea
tcacgectat
gttcgagace
geegggegtyg
cgtttgaacc
tgggcgacag
aacttgtecct
catattcagt
tttaaaaaag
cacatccaac
<210> SEQ I
<211> LENGT.

<212> TYPE:
<213> ORGAN

acagctcaca
cggagtecee
agctggagac
tgcctgatge
gtggctgage
actaggactc
tcecctetgac
ggegtgtece
cctgagtete
tgggtttttt
tctggettec
tgctgectga
atggtcctgg
agttagctca
gatcccagca
agcctggeca
gtggegggcea
cgggaagegyg
agcgagagtce
tttgtaccat
getgtggect
taagtaccac
cccecacety
D NO 29

H: 392
PRT

gtgctectee

gaaggacgag

gccagagace

tgggatgaag

cctggecagga

tgaggctett

ctgcaggeca

tcteggaagy

tgtgacctge

gtttgtttgt

agaaaacccc

gtcacccatyg

ggctectgtge

ggaggettgg

ctttgggagg

acatggtaaa

cctatagtee

aggttgcagg

tgtctcaaaa

ggtgtgaaag

gggcaagata

tcaggccaac

ccatttgcac

ISM: Homo sapiens

<400> SEQUENCE: 29

Ser Asp Ser
1

Trp Asn Trp

Asp Gln Val
35

Thr Cys Arg
50

Arg Leu Cys

Arg Pro Gly

Gly Thr Phe

Gln Ile Cys
115

Val Cys Thr

Val Cys Asp Ser Cys

Val Pro Glu Cys Leu

20

Glu Thr Gln Ala Cys

40

Pro Gly Trp Tyr Cys

55

Ala Pro Leu Pro Lys

70

Thr Glu Thr Ser Asp

85

Ser Asn Thr Thr Ser

100

Asn Val Val Ala Ile

120

Ser Thr Ser Pro Thr

caagccagcet
caggteccect
ctgctgggga
cccagttaac
tgaccctgeg
tctgggecaa
agagcagagg
ctggetggge
ccegeccage
ttgtttgttt
agcatccttt
aagacaggac
agggaggagg
aaagcatcac
ctgaggcggg
accccatete
cagctactca
gagccgagat
gaaaaaaaaa
tcagatgece
acgcacttct
aagccaacga

cctecgectt

Glu Asp Ser
Ser Cys Gly
25

Thr Arg Glu

Ala Leu Ser

Cys Arg Pro

75

Val Val Cys
90

Ser Thr Asp
105

Pro Gly Asn

Arg Ser Met

ccacaatggg agacacagat

tctecaagga

gcaccgaaga

caggccggtg

aaggggcect

gttectctag

cagcgagttyg

atggacgttce

tgcacctgee

gtttgtttet

tctgcagagyg

agtgcttcag

tggcagcect

ctcaggecag

tggatcacct

tactaaaaat

gaagcctgag

cacgccactyg

aagcaccgec

agagggccca

aactagaaat

caaagccaaa

cactceggty

Thr

Ser

Gln

Lys

60

Gly

Lys

Ile

Ala

Ala

Tyr

Arg

Asn

45

Gln

Phe

Pro

Cys

Ser

125

Pro

Thr

Cys

30

Arg

Glu

Gly

Cys

Arg

110

Arg

Gly

ggaatgtgce
gaagcccetyg
tgggetgtgt
ggtcctteca
tgcecctecac
tggaaagcect
ggggcatget
agcctggett
ccecectggge
ggctttetgg
cctgaggety
gtagggaacg
gtgcagtggce
gaggttagga
acagaaatta
getgggaaat
cactccagee
tccaaatget
ggcaggccac
ctgccaattt
ctctgecage

tgcctgeag

Gln Leu

15

Ser Ser

Ile Cys

Gly Cys

Val Ala

Ala Pro

95

Pro His

Asp Ala

Ala Val

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2339
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45

46

-continued

130 135 140

Gln Val

150

Thr Gln

155

His Leu Pro Pro Ser Ser His Thr

145

Arg

Glu Thr

165

Ala Thr Ser Phe Leu Leu

170

Pro Pro Ser Pro Ser

Ala Glu Thr

185

Pro Ser Phe Ala

180

Pro Ser Pro Gly Gly Asp

Ile
195

Val Val Thr Ala

200

Ile
205

Gly Leu Gly Leu Gly Leu Leu

Val Val Ile Met Thr

215

Asn Gln Val Pro

210

Cys Lys Lys Lys

220

Gln
225

Glu Ala Val

230

Ala
235

Arg Lys Pro His Leu Pro Asp Lys

Thr Gln Glu

245

Gln Gln Leu Ile Thr Ala

250

Gly Pro His Leu

Glu Ala

265

Ser Leu Ser Ser Ser Ala Leu

260

Ser Ser Ser Asp

Thr Gln Gln Ala

280

Val Glu Ala

285

Pro Arg Asn Pro Pro

275

Gly

Glu
290

Ala Ala Thr

295

Gly Arg Ser Gly Ser Ser Ala Asp Ser

300
Thr

Gln Val

310

Val Thr Ile

315

Gly His Asn Val Asn

305

Gly Cys

Gln Ser Gln Ala Ser

330

Ser Ser Ser

325

Ser Ser Asp His Cys

Thr Glu

345

Gly Asp Asp Ser Ser Pro Ser Ser Pro

340

Lys Asp

Phe Glu Glu Ala

360

Phe Gln Leu

365

Ser Ser

355

Pro Lys Cys Arg

Glu Thr

370

Thr
375

Glu Glu Leu Pro

380

Leu Leu Gly Ser Lys Pro

Pro Ala Met Pro Ser

385

Asp Gly Lys

390

Gln Pro

Pro

Leu Pro

190

Ile

Leu Cys

Ala Arg

Pro

Arg Arg

270

Ser

Ser

Val

Ser

Glu Gln

350

Glu Thr

Leu Gly

Ser
160

Met
175

Gly

Val

Gly Val

Leu

Gly

240

Ser Ser

255

Ala
Gly Ala
Pro

Gly

Ser
320

Cys

Thr
335

Met

Val

Pro

Val

The invention claimed is:
1. A method comprising the steps of:

(a) culturing a host cell comprising a polynucleotide,
wherein the polynucleotide encodes a protein consisting
of:

(1) the extracellular region of an insoluble human TNF
receptor, wherein the insoluble human TNF receptor has
an apparent molecular weight of about 75 kilodaltons as
determined on a non-reducing SDS-polyacrylamide gel
and comprises the amino acid sequence LPAQVAFX-
PYAPEPGSTC (SEQ ID NO: 10), and

(ii) all of the domains ofthe constant region of a human IgG
immunoglobulin heavy chain other than the first domain
of said constant region, and

(b) purifying an expression product of the polynucleotide
from the cell mass or the culture medium.

2. The method of claim 1, wherein the host cell is a CHO
cell.

3. The method of claim 1, wherein the IgG heavy chain is
an IgG, heavy chain.

45

50

55

60

65

4. A polynucleotide encoding a protein consisting of:

(a) the extracellular region of an insoluble human TNF
receptor,

wherein the insoluble human TNF receptor (i) has an
apparent molecular weight of about 75 kilodaltons as
determined on a non-reducing SDS-polyacrylamide gel
and (ii) comprises the amino acid sequence
LPAQVAFXPYAPEPGSTC (SEQ ID NO: 10), and

(b) all of the domains of the constant region of a human
IgG, immunoglobulin heavy chain other than the first
domain of said constant region.

5. A vector comprising the polynucleotide of claim 4.
6. A mammalian host cell comprising the polynucleotide of

claim 4.

7. A method comprising the steps of:

(a) culturing a host cell comprising a polynucleotide,
wherein the polynucleotide encodes a protein consisting
of:

(1) the extracellular region of an insoluble human TNF
receptor, wherein the insoluble human TNF receptor
comprises the amino acid sequence of SEQ ID NO:27
and
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(ii) all of the domains ofthe constant region of a human IgG
immunoglobulin heavy chain other than the first domain
of said constant region, and

(b) purifying an expression product of the polynucleotide
from the cell mass or the culture medium.

8. The method of claim 7, wherein the human IgG immu-

noglobulin heavy chain is an IgG, heavy chain.

48
9. The method of claim 7, wherein the host cell is a CHO
cell.
10. The method of claim 8, wherein the host cell is a CHO
cell.



