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(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.
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Figure 1

-185 CGAATTCGGGGGGETTCAAGATCACT SGGACCAGGCLITEATCTCTATGCCCGAGTCTCAA
p

-125 CCCTCAACTGTCACCCCAAGGCACTTGEGACGTCCTGEACAGACCEAGTCCCGEEGARAGCE

-35 CCAGCACTGCCGCTGCCACACTGECCIGAGCCCAAATGGGOGAGTGAGAGETCATAGLTG

~28. .

-30 MetGlyLeuSerThrValProAspLeuleuleuProLeuValleuleuGluLeu
-8 TCTGGCATGGGCCTCTCCACCETGTCIGACCTGCTGLIGCCGLTGEIGLTCCIGGAGLT

. . . +1 . .. .

=10 LeuValGlyIIeTerroSerGlyValIleGly@guValP:oHisLeuGlyAspArgGlu
55 TTGGTGGGAATATACCCCTCAGGGGTTATTGGACTGGTCCCTCACCTAGGEGACAGEGAG

-« W ° .

10 LysArghspSerValesPrcGlnGlyLysTyrIleHisProGlnAsnAsnSer&leCys

115 AAGAGAGATAGTGTGTGTCCCCAAG;AAAATAIATCCACCCTCAAAATAATTCGATTTGC

30 CysThrLysCysHisLysGlyThrTyrLeuTyrAsnAspCysProGlyProGlyGlnAsp
175 TGTACCAAGTGCCACAAAGGARACCTACTTGTACAATGACTGTCCAGGCCCEGEECAGGAT

‘50 ThrAspCysArcGluCysGluSerGlySerPheThrAlaSerGluAsnHislLeuvArgHis
235 ACGGACTGCAGGGAGTGTGAGAGCGGCTCCTTCACCGETTCAGRAARACCACCTCAGALAL

70 CysLeuSerCysSerLysCysArglysGluMetGlyGinValGlulleSerSerlysTir
298 TGCCTCAGC TG TCCARATECCGAARGGARATGEGTCAGGTGEAGATCTITICTTGIAL

30 +ValASpArcAspThrValCysGlyCysSArclysAsnGlnTyrArgHisTyrTrpSerGiu
355 GIGGACCGGGACACCGTGTGIGGCIGCAGGAAGAACCAGTACCGGTATTATTGGAGTEA
- *x xR bR B

110 AsnLeuPheGlnCysPheAsnCysSerLeuCysleuAsnGlyThrValHZisLeuserCys
413 AACCTTTTCCAGTGCTTCAATTGCAGCCTCIGCCTCAATGEGACCTTGTACCTIICCTEC
130 GLnGluLysGlnAsnThrValCysThrCysHisAlaGlyPhePheleuvArcGluAsnGlu
475 CAGGAGRAACAGAACACCGTGIGCACCTGCCATGCAGGTTTCTTTCTAAGAGRRARCGAG

150 CysValSerCysSerAanysLysLysSerLeuGluCysThrLysLeuCysLeuP:cGln
535 TGTGICTCCTGTAGTAACTGIAAGARAAGCCTGRAGTGCACGRAGTTGTGCTTACCIEAG

170 IleGluAsnVallysGlyThrGluAspSerGlyThrThryallenlaudralavifzll s

= N ATV AR AN W PR VAR S S T AR N PN ~— LN N atd ol e aleassladalalalalalolalelal Reals ]
ugs [T R E-T2 I 7V SRK PRPWLVLIE L (G WV oy LUﬂUﬂﬂleAGUCﬂCCﬂbﬂU& v d W L e Shleivw o NI dnd 4

0 ZhaebharnluylaunTcelaoulanSarlian' a11Dha T 1 aGlyLeuMet TyrArcTy-GlrArg
S
b=}

TTCTTTGGIC T TTGCCTITTATCIC TCCTCTTCATTGGI TTAATGTATCSCTACCAACES

210 TrpLysSerLysLedTyrSerIleValesGlyLysSerThrPrcGluLysGluGlyGlu
715 TGGAAGTCCAAGCICTACTCCATTGTTITGTIGGGAAATCGACACCTGARRAAGAGGGEGAG

. . . KRk . - . .
230 LeuGluGlyThrThrThrLysPrcleuAlaPrcAsnPreoSerPheSerProThrProGly
775 CTTGAAGGAACTACTACTAAGCCCCTGGCCCCARACCCAAGCTTCAGTCCCACTCCAGET

250 PheThrProThrLeuGlyPheSerP:cValProSerSerfh:PheThrSerSerSerThr
835 TTCACCCCCACCCIGGGCTTCAGTCCCSTGCCIAGTTCCACCTTCACCTICAGETICACC
270 Terh:ProGlyAsprsPrcAsnPheAiéAlaP:cArgérgGluVaLAiaPrcP::Tyr
895 TATACCCCCGGIGACTGTICCCAACTTTGCGECTCCCOCCAGAGAGGTGECACCACCTTA

280 GInGlyAlaAspProlileleulAlaT :AléLeuAlaSerAspPrcIlePécAsnPrcLeu
855 CAGGGEGCTGACCIIATCCTTGLGACAGCCCTCGLCTCCAACCCCATCCCCAACCCICCTIT
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Fioure 1 (cont.

310 GinLysTrrGluAspSerllaHislysProGlnSerLevAspThrAspAspProAlaThr
1015 CAGAAGTGGGAGGACAGCGCCIACAAGCCACAGAGCCTAGACACTGATGACCECGEGACG

330 LeuTyrAlaValValGluAsnValProProleuArgTroLysGluPheValArgArcLeu
1075 CIGTACGCCGTGGTGGAGAACGTGCCCCCETTGCGETGGAAGGAATTCGTGCGGCGCCTA

350 GlyLeuSerAspHisGluIleAspArgLeﬁGluLeuGlnAsnGlyArgCysLeuArgGlu
1135 GGGCTGAGCGACCACGAGATCGATCGGCTGGAGCTGCAGARACGGGCGCTGCCTGEGEEAG
370 AlaGlnTyréerMetLeuAiaThrTrpAréArgArgThréroArgArgGluAlaThrLeu
1195 GCGCAATACAGCATGCTGGCGACCTGGAGGCGGCGCACGCCGCGECGCGAGGLCACGETG

330 GluleuleuGlyArgValleuvArcAspMetAspLeuleuGlyCysLeuGluAsplleGlu
1255 GAGCTGCTGGGACGCGTGCTCCGCGACATGGACCTGCTEGEECTGCCTGGAGGACATCEAG

410 GlualaleuCysGlyProcAlaAlaleuProPrcAlaPrcSerleulevArg

1315 GAGGCGCTTTGCGGCCCLGLCGCCITCCCGICCGCGLCCAGTCTTCTCAGATGAGEETEC
1375 GCCCCTGCGGGCAGCTCTAAGGACCGTCCTGCGAGATCGICTTCCAACCCEACTTITTTIC
1435 TGGAAAGGAGGGGTCCTGCAGGEEGTAAGCAGGAGC TAGCAGCCGCCTACTTGETGETAN
1495 CCCTCGATGTACATAGCTTTTCTCAGCTGCCTGCGLGCCGCCTACAGTCAGEEETETEEG
1533  CGCGGAGAGAGGTGCGLCETGEEC T AAGAGC LT CAGTGGETGETTTGCEAGEATEAGESE
1615 ACGCTATGCCICATGCCCEITITTGEGTGTCC T ACCAGCEAGEETECTCGGEEEELCCTTS
2575 GITCGTCCCTCGAGCCTITTTTCACAGTGCATAAGCAGTTTTTT TTGTTTTTGTTTTGTTTT
1735 GITTIGT T I TTAAATCAATCATGTTACACTAATAGAAACTTGGCACTCCTGTIGCIITCTG
1795 CCTGGACAAGCACATAGCAAGCTGAA TeTCCTAAGGCAGEGECGAGCACGEAACAATES
1855 GGCCTTCAGCTGGAGCTGTEGACT T TTOTACATACACTAAAATTCTGAAGTTAAARRAAA
1915 AACCCGRATTC
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Figqure §

1 SerﬂspggbUa1Cgsﬁ:pSengsGluﬂspSerThrTnghrGlnLeuTrpﬁsnprUal
1 TCGGAC CGTG?GTGRCTCCTGTGHGG&CHGCRCHTRCRCCCRGCTCTGGHHCTGGGTT

21 ProGluCQsLeuSengaGlgSerHrgCgsSerSerﬂsoGlnUalGluThrGlnﬂ!ans
61 CCCGRGTGCTTGAGCTGTGGCTCCCGCTGTAGCTCTGRCCAGGTEORRACTCARGELTGE

41 ThrfAirg6luGlnAsnArgl leCysThrCysfAirgProGlyTrpTyrCysilaleuSeriys
121 ACTCGGGRRCAGAACCGCATCTGCACCTGCAGGCCCGGCTGGTRCTGCGCGCTGAGLAAG

61 GlnGluGlgCgergLeuCgsﬂlaProLeuProLgéCgsﬂrgFrcGlgPheG{gUaiﬁla
181 CAGGAGGGGTGCCGGCTGTGCGCGCCGLTGCCGRAGTGCCGCCCGGGETTCGGLGTRGEL

81 argrrouluthruluxhrSernsodaonlCusLusProLusﬁlaPrc

GlyThrPheSer

241  AGRCCAGGAACTGARACATCAGRCGTGGTGTGCARGCLCTGTGCCCLEGEGACGTTCTCE
AsnThrihrSerSerThrAspileCysArgPronisGinl leCysAsnUalUaiflalle

301 ARCACGACTTCATCCACGGATRTTTGCAGGCCCCACCAGATCTGTARCGTGGTGGECATL

121 ProGlyAsnAlaSerArgAspAlialalCysThrSerThrSerProThrfirgSeriletfRla
361 CCTGGGHHTGCHHGCBGGGHTGCHGTCTGCHCGTCCRCGTCCCCCRCCCGGHGTHTGGCC

141 ProGlgR!aUalHlsLeuProGlnPraUalSerlhrﬂrgSerulnH:sxanlnPro:er
421 CCAGGGGCAGTACACTTACCCCAGCCAGTGTCCACACGATCCCARCACACGE GCCQRGT

161 ProuluProSer|hrﬁlaProSer1hr°errheLeuLeurroﬂetGluPro:erPﬂorro
481 ,CCRGHHCCCRGCHCTuCxCCHHGCHCCTCCTTCCTGCTCCCHRTGGGCCCCHGCCCCCCH

181 RlaGluGlgSérThrGlgﬂapPheﬁloLeuPranlGlgLeulIeUalGlqulThrﬁlc
541 GCTGAAGGGAGCACTGGCGRCTTCGCTCTTCCAGTTGGACTGATTGTGGGTGTGACAGEL

201 LeuGlyleuleulleileGiyValValAsnCysUalliellet ThrGinUallystystys
601 TTGGGTCTHCTRHTRHTHGGHGTGGTGHHCTGTGTCRTCHTGRCCCHGGTGHHRRRGHHG

221 ProLeuCgaLeuGlnﬂrgGluﬂIchsUulProHlsLeuPrchaﬁspLgaﬂlaﬁrgG d
661 CCCTTGTGCCTGCHGHGHGHHGCCHHGG4GCCTCHCTTGCCTGCCGHTHHGGCCCGGG T

241 uhrGInGlgProG!uGlnGlnHlsLeuLeulIeThrﬁlaFroSerSer~er<~r‘eP=eP
721 ACACAGGGCCCCGRGCAGCAGCACCTGCTGATCACAGCGCCGRGCTCCAGCASCAGCTCL

261 LeuGluSerSerﬂlaSerﬁlaLeuﬂspﬂrgﬂrgﬁPaProThrﬁrgRSnGlnProGInﬁla
781 CTGGRGAGCTCGGCCAGTGCGTTGGACAGRAGGGCGCCCACTCGGRACCAGCCACAGGLR
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Fiqure &4 (cont.)

281 ProulgUalGluﬂloSeruiuﬁlaGlgGluRlaﬂrgﬂla:erthrGigSer:erﬁiaRso
841 CCAGGCGTGGAGGCCAGTGGGGCCGG6GAGGCCEGGGCCRGCACCEGGAGCTCAGCAGART

301 Ser:erFroulgGiuHusGlu1ananclﬁanaIThrLusileUaiHanUcths=er
901 TCTTCCCCTGGTGGCCBTGGGECCCHGGTCRHTGTCECCTGCHTCGTGRHCGTCTG:HGC

321 SerSerﬁsthsSer:erGlansSerSerGlnHlaSer:erlhrHetG!gﬁsplhrﬂsp
961 AGCTCTGACCACAGCTCACAGTGCTCCTCCCARGCCRGCTCCACRATGGGRGACACAGAT

L3 Ser:er?rcSeruluSerPruLusﬂapuluGlAUa!PrcPheSerLgsGluGiuCuaHla
1021 TCCHGCCCCTCGGnGTCCCCGnHGGnCGnGCHGG|CCCCTTCTCCHHGGnGunHTGTGCC

361 .PhenrcaeruinLeuGlu“hrrroGlunhrLeuLeuulu:erunruluGluLusProLeu
1081 aTTCGGTCHCHGCTGGﬁGBCGC AGAGACCCTGCTGGGSAGCRACCGAAGAGARGCLCET

381 PrJLeuu!gUalProﬁspﬁlculuﬁetLgsProaer

1141 CCCCTTGGRGTGCCTGATGLTGGGATGARGCCCRGTTAACCAGGCCGGTETOGGETGTOT
1201 CGTRGCCARGGTGGCTGAGCCCTGGCAGGATGACCCTGCGARGGGGCCCTGGTCCTTLCR
1261 GGCCCCCACCRCTAGGACTCTGAGGCTCTTTCTGGGCCARGTTCCTCTAGTGCCCTCLAC
1321 AGCCGCAGCCTCCCTCTGACETGCAGGCCARGAGCAGAGGCAGCGRGTTGTGGARAGELT
1381 CTGCTGCCATGGCGTGTCCCTCTCGGARGGCTGGCTGGGCATGGARCGTTCGGGGCATGLT
1441 GGGGCARGTCCCTGAGTCTCTGTGACCTGCCCCGCCCRGLTGCRCCTGCCAGCCTRGETT
1501 CTGGAGCCLTTGGGTTTTTIGTTTGTTIGTTTGTTTGTTIGTTTGTTTCTCCCLLTGEGE
1561 TCTGCCCRGCTCTGGCTTCCAGRRARCCCCAGCATCCTTTTCTGCAGRGEGSLCTTTCTGG
1621 AGRGGAGGGATGCTGCCTGAGTCR RCCCATGAAGACAGGRCAGTGCTTCAGCCTGAGGLTS
1681 RGACTGCGGGATGGTCCTGEGECTCTGTGCRGGGAGGAGETGGCAGCLCTGTAGEGAACE
1741 GGGTCCTTCRAGTTAGCTCAGGAGGCTTGGARRGCATCACCTCAGGCCAGETGCAGTOGE
1801 TCRCGCCTATGATCCCAGCRCTTTGGGAGGCTGAGGCGGGTGGATCARCCTGAGETTAGEA
1861 GTTCGRGACCRGCCTGGCCAACATGGTARRACCCCATCTCTRCTAARAATACAGAARTTA
1921 GCCGGGCGTGGTGGCGGGCACCTATAGTCCCAGCTACTCAGRAGCC TGAGGCTGEGARAT
1981 CGTTTGRRCCCGGGARGCGGRGGTTGCAGEGAGCCGAGRTCACGCCACTGCACTCCAGEL
2041 TGGGCGRCAGAGCGAGAGTCTGTC TCARARGAARRRRARARAGCACCGCCTCCARATGLT
2101 RACTTGTCCTTTTGTACCATGGTGTGARRGTCAGRTGCCLAGAGGGCCCAGGCAGGLEAC
2161 CARTRTTCAGTGCTGTGGCCTGGGCARGATARCGCACTTCTARCTAGRAATCTGCCARTTT
2221 TTTARARRAGTRAGTACCACTCAGGCCAARCARGECARCGACARRGCCRRACTCTGCCAGE
2281 CACATCCAACCCCCCACCTGLCATTTGCACCCTCCGCETTCACTCCGGTGTGCCTGCRG
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HUMAN TNF RECEPTOR FUSION PROTEIN

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
35 U.S.C. §119 to application Serial Numbers 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 hemorragic-necrotizing activity on cer-
tain tumors, and lymphotoxin (TNFf) are two closely related
peptide factors [3] from the class of lymphokines/cytokines
which are both referred to herein-after 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 histo-compatibility anti-
gens [12]. Many of these TNF activities are produced via
induction of other factors or by synergistic effects with other
factors such as interferons or interleukins [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
as an antigen preparation for the production of monoclonal
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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
encoding 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. 1. 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 transmem-
brane 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 transtected 30 with pK19
were incubated with anti-55 kD TNF-BP antibody followed
by **’I-TNFa. Columns 1, 5, and 8 are controls. Columns 2,
3,4, 5, and 6 are five parallel transfections.

FIG. 4. Nucleotide sequence (SEQ ID NO: 3) and deduced
amino acid sequence (SEQ ID NO: 4) for ¢cDNA clones
derived from 75/6510 TNF-BP.

DETAILED DESCRIPTION OF THE INVENTION

The TNF-binding proteins of the present invention are
homogenous, insoluble proteins and soluble or insoluble
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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
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.

20

25

30

40

45

50

55

60

65

4

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-lle (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: 10)

(IIE) le-X-Pro-Gly-Phe-Gly-Val-Ala-Tyr-Pro-Ala-Leu-Glu
(SEQ ID NO: 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 electro phoresis (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
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 ofhigh 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.
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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 Science 248, 1019-1023, (1990).

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
American Type Culture Collection under Accession No. PTA
7942) as well as soluble fractions of TNF-binding proteins
having an apparent molecular weight of 65 kD/75kD are also
preferred. DNA sequences for such soluble fragments can be
determined 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
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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 espe-
cially 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, Lew/lle, Leu/Val, Ala/Glu, Asp/Gly as well as
these in reverse. The present invention is also concerned with
vectors which contain any of the DNA sequences described
aboveinaccordance with the invention and which are suitable
for the transformation 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
accessible without restrictions to a person skilled in the art,
such as, for example, HL.60 [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 proce-
dure already described generally and described in detail in.
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-1-induced precipitation of the '**I-TNF/TNE-BP
complex [27], especially filter-binding tests with radioac-
tively labelled TNF according to Example 1. In order to
produce the TNF-BP in accordance with the invention, the
general methods 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, affin-
ity chromatography, HPLC and SDS-PAGE can be used.
Especially preferred 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, HPLC and SDS-
PAGE. The elution of TNF-BP bands which are separated
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using SDS-PAGE can be effected according to known meth-
ods of protein chemistry, for example using electroelution
according to Hunkapiller et al. [34], whereby according to
present knowledge the electro-dialysis times given there gen-
erally have to be doubled. Thereafter, traces of SDS which
still remain can then be removed in accordance with Bosser-
hoff 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
of enzymatic well as chemical peptide cleavage. Fragments
obtained by enzymatic or chemical cleavage can be separated
according to usual methods such as, for example, HPL.C and
can themselves be subjected to further N-terminal sequenc-
ing. Such fragments which themselves bind TNF can be iden-
tified using the afore-mentioned 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. More-over, using the
polymerase 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 nucleotide sequence of a such a fragment permits an
independent determination of the amino acid sequence of the
protein fragment 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 methods [42]. On the basis of the thus-
determined sequences and of the already known sequences
for certain receptors, those 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
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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],
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 [ATCC37 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 and 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-Hp (DSM 5315, deposited on 21 Apr. 1989),
pDC4-Hyl (DSM 5314, deposited on 21 Apr. 1989) and
pCD4-Hy3 (DSM 5523, deposited on 14 Sep. 1989) which
have been deposited at the Deutschen Sammlung von Mikro-
organismen and Zellkulturen GmbH (DSM) in Braunsch-
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weig, FRG, and which are described in detail in European
Patent Application No. 90107393.2 are especially preferred
vectors. This European Patent Specification and the equiva-
lent Applications referred to in Example 11 also contain data
with respect to the further use of these vectors for the expres-
sion of chimeric proteins (see also Example 11) and for the
construction of vectors for the expression of such chimeric
proteins with other immunoglobulin 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 6, 47-55, 1988), can be used for the expression in
insect cells. Recombinant proteins can be produced in authen-
tic 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
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 Sum-
mers [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
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of 107°-107'° 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 prepa-
rations 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'?’I (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/ml of ***I-TNFc. (0.3-1.0-10% cpm/
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
radio-activity 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-ct 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
out in 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)
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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

HL-60 medium

Concentrations
Components mg/l
CaCl, (anhydrous) 112.644
Ca(NO,;), * 4H,0 20
CuSO, * 5H,0 0.498 - 1073
Fe(NO3); * 9H,0 0.02
FeSO, * TH,0O 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,O 75
Na,SeO; * SH,0 9.6-1073
ZnSO, * TH,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

20

25

35

40

45

50

55

60

65

12
TABLE 1-continued

HI-60 medium

Concentrations
Components mg/l
Pyridoxal HCI 2.4124
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 2HCI 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 Products, 0.25%
Norwich NY, USA)
Pluronic F68 0.01%
(Serva, Heidelberg, FRG)
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/1 NaCl, 2.16
g/l Na,HPO,.7H,0), which had been treated with 5% dim-
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 HL60
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-a. [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-
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after with 20 ml of PBS. Thus-1-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% decyl-maltoside. 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 32, 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 5x107PAI mouse
myeloma cells (J. W. Stocker etal., 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 ul),
100 uM hypoxanthine, 0.4 uM aminopterine and 16 uM thy-
midine (HAT)]. The suspension was distributed on 10 tissue
10 culture dishes each containing 96 wells and incubated at
37° C. for 11 days without changing the medium in an atmo-
sphere 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 centrifugition and washed with 4.5 ml of PBS at 0°
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 (Fluka). 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
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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% decyl-malto-
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
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).
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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
34kD. These bands were transferred electro-phoretically 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-TNFa. 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'?®1 radioactively-labelled, affinity-purified (mouse
immuno-globulin-Sepharose-4B  affinity column) rabbit-
anti-mouse-immunoglobulin antibody was used for the auto-
radiographic 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
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 of the 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-
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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 51 kD 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 6510 band (according to non-reducing SDS-PAGE)
Inthe N-terminal sequencing of the 6510 band two parallel
sequences were determined up to the 15th residue with-
out interruption. Since one of the two sequences corre-
sponded 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: 10)
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:
Tle-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 (SEQ ID 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
(SEQID 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 (SEQ ID NO: 14), 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 IA 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
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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 Xgt11-cDNA gene bank from human
placenta (42, 43). This clone was then cut according to usual
methods from the X-vector and cloned in the plasmids pUC18
(Pharmacia, Uppsala, Sweden) and pUC19 (Pharmacia, Upp-
sala, Sweden) and in the M13 mp 18/M13 mp 19 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
75/65 kD 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, whereby repeated sequencing lead to the following
correction. A threonine coded by “ACC” not “TCC”, has to be
at position 3 instead of the serine.

Example 9

Expression in COS 1 Cells

Vectors starting from the plasmid “pN11” were con-
structed for the expression in COS cells. The plasmid “pN11”
contains the efficient promoter and enhancer of the “major
immediate-early” gene of human -cytomegalovirus
(“HCMV”; Boshart et al., Cell 41, 521-530, 1985). After the
promoter 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-S' (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
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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 endo-nuclease
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-
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 Feigner 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-TNFc. 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
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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-1-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”.

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'

(SEQ ID 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 endo-nuclease 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
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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 oligo-nucle-
otides 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 there-
with and the recombinant transfer vector “pN124” was iden-
tified and isolated as described.

The following procedure was used for the transfection 10
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-a,, 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 radio-activity 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
kDa TNF-BP was amplified in a polymerase chain reaction,
but now using the following oligonucleotides as the primer:
Oligonucleotide 1:

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

Oligonucleotide 2:

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

This cDNA fragment was ligated in the pCD4-Hy?3 vector
[DSM 5523; European Patent Application No. 90107393.2;
Japanese Patent Application No. 108967/90; U.S. Pat. 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 mycophenolic acid and 250
g/ml of xanthin (Traunecker et al., Eur. J. Immunol. 16, 851-
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854 [1986]) in basic medium (Dulbecco’s modified Eagle’s
Medium, 10% foetal calf serum, 5x10~>M 2-mercaptoetha-
nol). The expression product secreted by the transfixed cells
could be purified using usual methods of protein chemistry,
e.g. TNF-BP-antibody affinity chromatography. Unless not
already specifically indicated, standard procedures as
described e.g. by Freshney, R. I. in “Culture of Animal Cells”,
Alan R. Liss, Inc., New York (1983) were used for the culti-
vation 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: 26

<210> SEQ ID NO 1
<211> LENGTH: 2111

<212> TYPE:

DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 1

gaattcgggg

ccctcaactyg

ccagcactge

tctggeatgyg

ttggtgggaa

aagagagata

tgtaccaagt

acggactgca

tgccteaget

gtggaccggg

aaccttttec

caggagaaac

tgtgtctect

attgagaatg

ttetttggte

tggaagtcca

cttgaaggaa

ttcacccceca

tatacccceg

cagggggctyg

cagaagtggg

ctgtacgeceg

gggctgageg

gegcaataca

gagctgcetgg

gaggcgettt

gecectgegy

tggaaaggag

cectegatgt

c¢gcggagaga

acgctatgec

gttcegtcect

gttttgtttt

cctggacaag

gggttcaaga
tcaccccaag
cgctgecaca
gectetecac
tataccccte
gtgtgtgtce
gccacaaagg
gggagtgtga
gctcecaaatyg
acaccgtgtyg
agtgcttcaa
agaacaccgt
gtagtaactg
ttaagggcac
tttgectttt
agctctacte
ctactactaa
cecctgggett
gtgactgtce
accccatect
aggacagcge
tggtggagaa
accacgagat
gecatgetgge
gacgcgtget
geggeccege
gcagctctaa
gggtcctgcea
acatagcttt
ggtgcgeegt
tcatgeccegt
gagccttttt
taaatcaatc

cacatagcaa

tcactgggac

gcacttggga

ctgecectgag

cgtgectgac

aggggttatt

ccaaggaaaa

aacctacttg

gageggetee

ccgaaaggaa

tggctgcagg

ttgcagecte

gtgcacctge

taagaaaagc

tgaggactca

atccctecte

cattgtttgt

gecectggee

cagtceegtyg

caactttgeg

tgcgacagec

ccacaagcca

cgtgecceeyg

cgatcggetyg

gacctggagg

ccgegacatg

cgececteeeyg

ggaccgtect

ggggcaagca

tctecagetge

gggctcaaga

tttgggtgte

cacagtgcat

atgttacact

gctgaactgt

caggcegtga
cgtectggac
cccaaatggyg
ctgetgetge
ggactggtce
tatatccacc
tacaatgact
ttcaccgett
atgggtcagg
aagaaccagt
tgcctcaatg
catgcaggtt
ctggagtgca
ggcaccacag
ttcattggtt
gggaaatcga
ccaaacccaa
cccagtteca
geteceegea
ctegecteeyg
cagagcctag
ttgcgetgga
gagctgcaga
cggegeacge
gacctgetgg
ccegegecca
gcgagatege
ggagctagca
ctgegegeeyg
gectgagtgg
ctcaccageca
aagcagtttt
aatagaaact

cctaaggcag

tctetatgee

agaccgagtce

ggagtgagag

cgetggtget

ctcacctagyg

ctcaaaataa

gtccaggece

cagaaaacca

tggagatctce

accggcatta

ggaccgtgca

tctttetaag

cgaagttgtyg

tgctgttgee

taatgtatcg

cacctgaaaa

gettcagtece

ccttcaccte

gagaggtggce

accccatecce

acactgatga

aggaattecgt

anggCgCtg

¢geggcegega

getgectgga

gtcttetcag

cttccaacce

gecegectact

ccgacagtca

gtggtttgeg

aggctgeteg

ttttgteeet

tggcactect

gggcgagcac

cgagtctcaa

ccgggaagec

gccatagetg

cctggagetyg

dgacagggag

ttegatttge

ggggcaggat

cctcagacac

ttcttgcaca

ttggagtgaa

cctetectyge

agaaaacgag

cctaccccag

cctggteatt

ctaccaacgg

agagggggag

cactccagge

cagctecace

accaccctat

caacccectt

ccecegegacy

geggegecta

cctgegegayg

ggccacgetyg

ggacatcgag

atgaggctge

cacttttttce

tggtgctaac

gegetgtgeg

aggatgaggg

ggggCCCCtg

gttttgtttt

gtgcecctetyg

ggaacaatgg

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040
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ggccttcage tggagctgtg gacttttgta catacactaa aattctgaag ttaaaaaaaa 2100
aacccgaatt ¢ 2111
<210> SEQ ID NO 2

<211> LENGTH: 455

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 2

Met Gly Leu Ser Thr Val Pro Asp Leu Leu Leu Pro Leu Val Leu Leu
1 5 10 15

Glu Leu Leu Val Gly Ile Tyr Pro Ser Gly Val Ile Gly Leu Val Pro
20 25 30

His Leu Gly Asp Arg Glu Lys Arg Asp Ser Val Cys Pro Gln Gly Lys
35 40 45

Tyr Ile His Pro Gln Asn Asn Ser Ile Cys Cys Thr Lys Cys His Lys
Gly Thr Tyr Leu Tyr Asn Asp Cys Pro Gly Pro Gly Gln Asp Thr Asp
65 70 75 80

Cys Arg Glu Cys Glu Ser Gly Ser Phe Thr Ala Ser Glu Asn His Leu
85 90 95

Arg His Cys Leu Ser Cys Ser Lys Cys Arg Lys Glu Met Gly Gln Val
100 105 110

Glu Ile Ser Ser Cys Thr Val Asp Arg Asp Thr Val Cys Gly Cys Arg
115 120 125

Lys Asn Gln Tyr Arg His Tyr Trp Ser Glu Asn Leu Phe Gln Cys Phe
130 135 140

Asn Cys Ser Leu Cys Leu Asn Gly Thr Val His Leu Ser Cys Gln Glu
145 150 155 160

Lys Gln Asn Thr Val Cys Thr Cys His Ala Gly Phe Phe Leu Arg Glu
165 170 175

Asn Glu Cys Val Ser Cys Ser Asn Cys Lys Lys Ser Leu Glu Cys Thr
180 185 190

Lys Leu Cys Leu Pro Gln Ile Glu Asn Val Lys Gly Thr Glu Asp Ser
195 200 205

Gly Thr Thr Val Leu Leu Pro Leu Val Ile Phe Phe Gly Leu Cys Leu
210 215 220

Leu Ser Leu Leu Phe Ile Gly Leu Met Tyr Arg Tyr Gln Arg Trp Lys
225 230 235 240

Ser Lys Leu Tyr Ser Ile Val Cys Gly Lys Ser Thr Pro Glu Lys Glu
245 250 255

Gly Glu Leu Glu Gly Thr Thr Thr Lys Pro Leu Ala Pro Asn Pro Ser
260 265 270

Phe Ser Pro Thr Pro Gly Phe Thr Pro Thr Leu Gly Phe Ser Pro Val
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
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Leu Arg Trp
370

Ile Asp Arg
385

Tyr Ser Met
Thr Leu Glu
Cys Leu Glu

435
Pro Ala Pro

450

<210> SEQ I
<211> LENGT.
<212> TYPE:

Lys Glu Phe Val Arg

375

Leu Glu Leu Gln Asn
390

Leu Ala Thr Trp Arg

405

Leu Leu Gly Arg Val

420

Asp Ile Glu Glu Ala

440

Ser Leu Leu Arg

D NO 3
H: 2339
DNA

455

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 3

tcggacacceyg

ccegagtget

actcgggaac

caggaggggt

agaccaggaa

aacacgactt

cctgggaatyg

ccaggggcag

ccagaaccca

gctgaaggga

ttgggtctac

cecttgtgec

acacagggcec

ctggagagcet

ccaggcgtgg

tctteceety

agctctgace

tccagecect

ttteggtcac

ccecttggag

cgtagccaag

ggcccccace

agccgeagec

ctgetgecat

ggggcaagtc

ctggageect

tctgeccage

tgtgtgactc

tgagetgtgg

agaaccgcat

gCngCtgtg

ctgaaacatc

catccacgga

caagcaggga

tacacttacc

gcactgctee

gcactggcga

taataatagg

tgcagagaga

ccgageagea

cggccagtge

aggccagtgg

gtggeccatgg

acagctcaca

cggagtecee

agctggagac

tgcctgatge

gtggctgage

actaggactc

tcecctetgac

ggegtgtece

cctgagtete

tgggtttttt

tctggettec

ctgtgaggac
ctcecegetgt
ctgcacctge
cgegeegety
agacgtggtg
tatttgcagyg
tgcagtctge
ccagccagtyg
aagcacctece
cttegetett
agtggtgaac
agccaaggtyg
gcacctgetyg
gttggacaga
ggceggggag
gacccaggte
gtgctectee
gaaggacgag
gccagagace
tgggatgaag
cctggecagga
tgaggctett
ctgcaggeca
tcteggaagy
tgtgacctge
gtttgtttgt

agaaaacccc

Arg Leu Gly

Gly Arg Cys

395

Arg Arg Thr

410

Leu Arg Asp
425

Leu Cys Gly

agcacataca

agctctgace

aggccegget

ccgaagtgec

tgcaagcect

ccccaccaga

acgtccacgt

tccacacgat

ttcectgetee

ccagttggac

tgtgtcatca

ccteacttge

atcacagecge

agggcgececa

gecegggeca

aatgtcacct

caagccagcet

caggteccect

ctgctgggga

cccagttaac

tgaccctgeg

tctgggecaa

agagcagagg

ctggctgggc

ccegeccage

ttgtttgttt

agcatccttt

Leu Ser Asp
380

Leu Arg Glu

Pro Arg Arg

Met Asp Leu

430

Pro Ala Ala
445

cccagetety
aggtggaaac
ggtactgege
gecegggett

gthCCngg

tctgtaacgt
ccececaceeyg
cccaacacac
caatgggcece
tgattgtggg
tgacccaggt
ctgccgataa
cgagctecag
ctcggaacca
geaccgggag
gcatcgtgaa
ccacaatggyg
tctecaagga
gcaccgaaga
caggecggtyg
aaggggcect
gttectctag
cagcgagttyg
atggacgttce
tgcacctgee

gtttgtttet

tctgcagagyg

His Glu
Ala Gln
400

Glu Ala
415

Leu Gly

Leu Pro

gaactgggtt
tcaagcctge
gctgagcaag
cggegtggece
gacgttctee
ggtggccate
gagtatggce
gcagccaagt
cagccececa
tgtgacagce
gaaaaagaag
ggececggggt
cagcagctee
gccacaggca
ctcagcagat
cgtetgtage
agacacagat
ggaatgtgce
gaagcccetyg
tgggetgtgt
ggtcctteca
tgcecctecac
tggaaagcect
ggggcatget
agcctggett
ccecectggge

ggctttetgg

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620
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agaggaggga

agactgcggg

gggtccttea

tcacgectat

gttcgagace

geegggegtyg

cgtttgaacc

tgggcgacag

aacttgtecct

catattcagt

tttaaaaaag

cacatccaac

<210>
<211>
<212>
<213>

<400>

Ser

1

Trp

Asp

Thr

Arg

Arg

Gly

Gln

Val

His

145

Pro

Pro

Gly

Val

Gln

225

Thr

Asp

Asn

Gln

Cys

50

Leu

Pro

Thr

Ile

Cys

130

Leu

Glu

Ser

Leu

Asn

210

Arg

Gln

Thr

Trp

Val

35

Arg

Cys

Gly

Phe

Cys

115

Thr

Pro

Pro

Pro

Ile

195

Cys

Glu

Gly

tgctgectga

atggtcctgg

agttagctca

gatcccagca

agcctggeca

gtggegggcea

c¢gggaagcegyg

agcgagagtce

tttgtaccat

getgtggect

taagtaccac

cccecacety

SEQ ID NO 4
LENGTH: 392
TYPE :
ORGANISM: Homo sapiens

PRT

SEQUENCE: 4

gtcacccatyg

ggctectgtge

ggaggettgg

ctttgggagg

acatggtaaa

cctatagtee

aggttgcagg

tgtctcaaaa

ggtgtgaaag

gggcaagata

tcaggccaac

ccatttgcac

Val Cys Asp Ser Cys

5

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

165

Pro Ala Glu Gly Ser

180

Val Gly Val Thr Ala

200

Val Ile Met Thr Gln

215

Ala Lys Val Pro His
230

Pro Glu Gln Gln His

245

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

Arg Ser Gln
155

Thr Ser Phe
170

Thr Gly Asp
185

Leu Gly Leu

Val Lys Lys

Leu Pro Ala
235

Leu Leu Ile
250

agtgcttcag cctgaggetyg

tggcagcect

ctcaggecag

tggatcacct

tactaaaaat

gaagcctgag

cacgccactyg

aagcaccgec

agagggccca

aactagaaat

caaagccaaa

cactceggty

Thr

Ser

Gln

Lys

60

Gly

Lys

Ile

Ala

Ala

140

His

Leu

Phe

Leu

Lys

220

Asp

Thr

Tyr

Arg

Asn

45

Gln

Phe

Pro

Cys

Ser

125

Pro

Thr

Leu

Ala

Ile

205

Pro

Lys

Ala

Thr

Cys

30

Arg

Glu

Gly

Cys

Arg

110

Arg

Gly

Gln

Pro

Leu

190

Ile

Leu

Ala

Pro

gtagggaacg
gtgcagtgge
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

Pro Ser

160

Met Gly
175

Pro Val

Gly Val

Cys Leu

Arg Gly

240

Ser Ser
255

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2339
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Ser

Pro

Gly

Gly

305

Ser

Gly

Pro

Glu

Pro
385

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

Ser

Thr

Glu

290

His

Ser

Asp

Phe

Thr

370

Asp

Ser

Arg

275

Ala

Gly

Asp

Thr

Ser

355

Leu

Ala

Ser

260

Asn

Arg

Thr

His

Asp

340

Lys

Leu

Gly

PRT

<400> SEQUENCE:

28

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:

Glu

Pro

Ser

Val

310

Ser

Ser

Glu

Ser

Lys
390

Ser

Gln

Thr

295

Asn

Gln

Pro

Cys

Thr

375

Pro

Ser

Ala

280

Gly

Val

Cys

Ser

Ala

360

Glu

Ser

Ala

265

Pro

Ser

Thr

Ser

Glu

345

Phe

Glu

Ser

Gly

Ser

Cys

Ser

330

Ser

Arg

Lys

Ala Leu Asp Arg Arg

Val Glu

Ala Asp
300

Ile Val

315

Gln Ala

Pro Lys

Ser Gln

Pro Leu
380

Synthetic peptide

(25) .. (25)

5

OTHER INFORMATION: Xaa

Ala

285

Ser

Asn

Ser

Asp

Leu

365

Pro

= unknown amino acid

270

Ser

Ser

Val

Ser

Glu

350

Glu

Leu

Gly

Pro

Cys

Thr

335

Gln

Thr

Gly

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

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

PRT

<400> SEQUENCE:

5

SEQ ID NO 7
LENGTH:
TYPE :
ORGANISM: Artificial sequence
FEATURE:
OTHER INFORMATION:

18

7

10

Synthetic peptide

15

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

1

Pro

Leu

5

<210> SEQ ID NO 8
<211> LENGTH: 4
<212> TYPE:

PRT

10

15
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<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:

<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



US 8,003,182 Bl
35 36
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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

<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 41

<210> SEQ ID NO 19

<211> LENGTH: 38

<212> TYPE: DNA

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

38

<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

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

38

44

19

19

31

25

29
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40

-continued

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

LENGTH: 29

TYPE: DNA

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 26

atagagctct gtggtgectg agtcecteag

29

The invention claimed is:
1. A protein comprising
(a) a human tumor necrosis factor (INF)-binding soluble
fragment of an insoluble human TNF receptor, wherein
the insoluble human TNF receptor (i) specifically binds
human TNF, (ii) has an apparent molecular weight of
about 75 kilodaltons on a non-reducing SDS-polyacry-
lamide gel, and (iii) comprises the amino acid sequence
LPAQVAFXPYAPEPGSTC (SEQ ID NO: 10); and

(b) all of the domains of the constant region of a human
immunoglobulin IgG heavy chain other than the first
domain of said constant region;
wherein said protein specifically binds human TNF.

2. The protein of claim 1, wherein the soluble fragment
comprises the peptides LCAP (SEQ ID NO: 12) and VFCT
(SEQ ID NO: 8).

3. The protein of claim 2, wherein the soluble fragment
further comprises the peptide LPAQVAFXPYAPEPGSTC
(SEQ ID NO: 10).

4. The protein of claim 1, wherein said human immuno-
globulin IgG heavy chain is IgG;.

5. The protein of claim 4, wherein said domains of the
constant region of the human immunoglobulin heavy chain
consist essentially of the immunoglobulin amino acid
sequence encoded by pCD4-Hy1 vector (deposited at Deut-
schen Sammlung von Mikroorganismen und Zellkulturen
GmbH (DSM) in Braunschweig, FRGunder No. DSM 5314).

6. A pharmaceutical composition comprising the protein of
claim 4 and a pharmaceutically acceptable carrier material.

7. The protein of claim 1, wherein the protein is purified.

8. The protein of claim 1, wherein the protein is produced
by CHO cells.

9. The protein of claim 1, wherein the protein consists of (a)
the soluble fragment of the receptor and (b) all of the domains
of the constant region of the human immunoglobulin IgG
heavy chain other than the first domain of the constant region.

10. The protein of claim 1, wherein said domains of the
constant region of the human immunoglobulin heavy chain
consist essentially of the immunoglobulin amino acid
sequence encoded by pCD4-Hy1 vector (deposited at Deut-
schen Sammlung von Mikroorganismen and Zellkulturen
GmbH (DSM) in Braunschweig, FRG under No. DSM 5314)
or by pCD4-Hy3 vector (deposited at Deutschen Sammlung
von Mikroorganismen und Zellkulturen GmbH (DSM) in
Braunschweig, FRG under No. DSM 5523).

11. The protein of claim 1, wherein the protein consists
essentially of the extracellular region of the insoluble human
TNF receptor and all the domains of the constant region of a
human IgG, immunoglobulin heavy chain other than the first
domain of the constant region.

12. A pharmaceutical composition comprising the protein
of claim 11 and a pharmaceutically acceptable carrier mate-
rial.
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13. A protein comprising

(a) a human tumor necrosis factor (ITNF)-binding soluble
fragment of an insoluble human TNF receptor, wherein
the insoluble human TNF receptor (i) specifically binds
human TNF, (ii) has an apparent molecular weight of
about 75 kilodaltons on a non-reducing SDS-polyacry-
lamide gel, and (iii) comprises the amino acid sequences
LPAQVAFXPYAPEPGSTC (SEQ ID NO: 10), LCAP
(SEQ ID NO: 12), VECT (SEQ ID NO: 38),
NQPQAPGVEASGAGEA (SEQID NO: 9) and VPHL-
PAD (SEQ ID NO: 13),
wherein the soluble fragment comprises the peptides

LCAP (SEQID NO: 12) and VFCT (SEQ ID NO: 8);
and

(b) all of the domains of the constant region of a human
IgG, heavy chain other than the first domain of the
constant region;
wherein said protein specifically binds human TNF.

14. The protein of claim 13, wherein the protein is purified.

15. The protein of claim 13, wherein the protein is pro-
duced by CHO cells.

16. The protein of claim 13, wherein the protein consists of
(a) the soluble fragment of the receptor and (b) all of the
domains of the constant region of the human IgG, heavy
chain other than the first domain of the constant region.

17. The protein of claim 13, wherein the soluble fragment
further comprises the peptide LPAQVAFXPYAPEPGSTC
(SEQID NO: 10).

18. A protein encoded by a polynucleotide which com-
prises two nucleic acid subsequences,

(a) one of said subsequences encoding a human TNF-
binding soluble fragment of an insoluble human TNF
receptor protein having an apparent molecular weight of
about 75 kilodaltons on a non-reducing SDS-polyacry-
lamide gel, said soluble fragment comprising the amino
acid sequence LPAQVAFXPYAPEPGSTC (SEQ ID
NO: 10), and

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

wherein said protein specifically binds human TNF.

19. The protein of claim 18, wherein the soluble fragment
comprises the peptides LCAP (SEQ ID NO: 12) and VFCT
(SEQID NO: 8).

20. The protein of any one of claim 18 or 19, wherein said
human immunoglobulin heavy chain is IgG;.

21. The protein of claim 20, wherein said domains of the
constant region of the human immunoglobulin heavy chain
consist essentially of the immunoglobulin amino acid
sequence encoded by the DNA insert of pCD4-Hyl vector
(deposited at Deutschen Sammlung von Mikroorganismen
und Zellkulturen GmbH (DSM) in Braunschweig, FRG
under No. DSM 5314).
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22. The protein of claim 18, wherein the protein is purified.
23. The protein of claim 18, wherein the protein is pro-
duced by CHO cells.
24. The protein of claim 18, wherein the protein consists of
(a) the soluble fragment of the receptor and (b) all of the
domains of the constant region of the human IgG, heavy
chain other than the first domain of the constant region.
25. The protein of claim 18, wherein said domains of the
constant region of the human immunoglobulin heavy chain
consist essentially of the immunoglobulin amino acid
sequence encoded by pCD4-Hy1 vector (deposited at Deut-
schen Sammlung von Mikroorganismen und Zellkulturen
GmbH (DSM) in Braunschweig, FRG under No. DSM 5314)
or by pCD4-Hy3 vector (deposited at Deutschen Sammlung
von Mikroorganismen und Zellkulturen GmbH (DSM) in
Braunschweig, FRG under No. DSM 5523).
26. A protein consisting of
(a) a human tumor necrosis factor (INF)-binding soluble
fragment of an insoluble human TNF receptor, wherein
the insoluble human TNF receptor (i) specifically binds
human TNF, and (ii) has an apparent molecular weight
of about 75 kilodaltons on a non-reducing SDS-poly-
acrylamide gel and (iii) comprises the amino acid
sequence LPAQVAFXPYAPEPGSTC (SEQ ID NO:
10),

wherein the soluble fragment comprises the peptides
LCAP (SEQIDNO:12) and VFCT (SEQ ID NO:8), and

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

wherein the protein specifically binds human TNF, and

wherein the protein is produced by CHO cells.

27. The protein of claim 26, wherein the soluble fragment
comprises the peptide LPAQVAFXPYAPEPGSTC (SEQ ID
NO: 10).
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28. The protein of claim 26, wherein the protein is purified.

29. A pharmaceutical composition comprising the protein
of any of claim 1, 18, 26, or 27 and a pharmaceutically
acceptable carrier material.

30. A protein comprising

(a) human tumor necrosis factor (TNF) binding soluble
fragment of the amino acid sequence encoded by the
cDNA insert of the plasmid deposited with the ATCC on
Oct. 17, 2006 under accession number PTA 7942,

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

wherein said protein specifically binds human TNF.

31. The protein of claim 30, consisting of the soluble frag-
ment and all the domains of the constant region of the human
immunoglobulin IgG heavy chain other than the first domain
of said constant region.

32. The protein of claim 30, wherein the protein is
expressed by a mammalian host cell.

33. The protein of claim 32, wherein the mammalian host
cell is a CHO cell.

34. The protein of claim 32, consisting of the soluble frag-
ment and all the domains of the constant region of the human
immunoglobulin IgG heavy chain other than the first domain
of said constant region.

35. The protein of claim 30, wherein the protein consists
essentially of the extracellular region of the human tumor
necrosis factor (TNF) receptor amino acid sequence encoded
by the cDNA insert, and all the domains of the constant region
of a human IgG, immunoglobulin heavy chain other than the
first domain of the constant region.

36. A pharmaceutical composition comprising the protein
of claim 35 and a pharmaceutically acceptable carrier mate-
rial.



