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HUMAN TNF RECEPTOR 

This is a division of application Ser. No. 08/095,640, filed 
Jul. 21, 1993; now U.S. Pat. No. 5,610,279, which is a con 
tinuation application of Ser. No. 07/580,013, filed Sep. 10, 
1990, now abandoned. This application claims priority under 
35 U.S.C. S 119 to application Ser. Nos. 3319/89, 746/90 and 
1347/90, filed on Sep. 12, 1989, Mar. 8, 1990 and Apr. 20, 
1990, respectively, all in Switzerland. This application also 
claims priority under 35 U.S.C. S 119 to European Patent 
Application Number 901 16707.2 (now Patent Number EP 
0417563), filed Aug. 31, 1990. 

BACKGROUND OF THE INVENTION 

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

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

These biological effects are mediated by TNF via specific 
receptors. According to present knowledge not only TNFC. 
but also TNFB bind to the same receptors 21. Different cell 
types differ in their number of TNF receptors 22, 23, 24. 
Generally known TNF-binding proteins (TNF-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: 95/100 kD and 75 kD24, 95 kD and 75 kD25, 138kD, 
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 TNFC-ligand 
affinity chromatography and HPLC which, in turn, was used 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
as an antigen preparation for the production of monoclonal 
antibodies against TNF-BP. Using such an immobilized anti 
body (immune affinity chromatography) Loetscher and 
Brockhaus obtained an enriched preparation of TNF-BP 31 
from an extract of human placenta using TNFC.-ligandaffin 
ity chromatography and HPLC, which gave a strong broad 
band at 35 kD, a weak band at about 40 kD and a very weak 
band in the region between 55 kD and 60 kD on SDS-PAGE 
analysis. Moreover, the gel showed a protein background 
smear in the region of 33 kD to 40 kD. The significance of 
these protein bands was, however, not clear due to the hetero 
genicity of the starting material which was used (placenta 
tissue; combined material from several placentas). In the State 
of the art TNF-BP have already been characterized by a 
N-terminal partial sequence European Patent Application, 
Publication No.308.378), whereby this sequence differs from 
the N-terminal partial sequence according to formula (IA) in 
accordance with the invention. Moreover, the TNF-binding 
proteins described in the state of the art are soluble, i.e. 
non-membrane bound, TNF-BP and not membrane-bound, 
i.e. insoluble, TNF-BP isolated from urine. 

SUMMARY OF THE INVENTION 

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

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

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

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

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

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

BRIEF DESCRIPTION OF THE FIGURES 

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

FIG. 2. Binding analysis of COS cells transfected with 
plasmid pN123. Panel 2A binding of transfected cells to 
'I-TNFC. Panel 2B Scatchard plot of binding data. 

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

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

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

DETAILED DESCRIPTION OF THE INVENTION 

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

homogenous proteins containing the amino acid sequence 
depicted in FIG. 1 (SEQID NO:2) or in FIG. 4 (SEQID 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 (SEQID NO: 2) or FIG. 4 (SEQID 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 (SEQID 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 
cDNA are known in the art and may effectively be used. In 
general, any TNF-binding protein can be isolated from any 
cell or tissue expressing such proteins using a cDNA probe 
such as the probe described above, isolating mRNA and tran 
scribing the mRNA into cDNA. Thereafter, the protein can be 
produced by inserting the cDNA into an expression vector as 
described in Example 9. Such as a virus, plasmid, cosmid, or 
other vector, inserting the expression vector into a cell. Such 
as the COS cell described in Example 9 or the insect cell 
described in Example 10, proliferating the resulting cells, and 
isolating the expressed TNF-binding protein from the 
medium or from cell extract as described above. Alterna 
tively, TNF-binding proteins may be chemically synthesized 
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using the sequence described above and an amino acid syn 
thesizer, or manual synthesis using chemical conditions well 
known to form peptide bonds between selected amino acids. 
Analogues and fragments of TNF-binding proteins may be 
produced by the above methods. In the case of analogues, the 
proteins may be chemically modified, or modified by genetic 
engineering as described above. These fragments and ana 
logues may then be tested for TNF-binding activity using 
methods such as the assay of Example 1. 

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

In more detail, the proteins of the present invention are 
non-soluble proteins, i.e. for example membrane proteins or 
so-called receptors, and soluble or non-soluble fragments 
thereof, which bind TNF (TNF-BP), in homogeneous form, 
as well as their physiologically compatible salts. Preferred 
proteins are those which according to SDS-PAGE under non 
reducing conditions are characterized by apparent molecular 
weights of about 55 kD, 51 kD,38kD,36 kD and 34 kD or 75 
kD and 65 kD, especially those with about 55 kD and 75 kD. 
Furthermore, there are preferred those proteins which are 
characterized by containing at least one of the following 
amino acid partial sequences: 
(IA) Leu-Val-Pro-His-Leu-Gly-Asp-Arg-Glu-Lys-Arg-Asp 
Ser-Val-Cys-Pro-Gln-Gly-Lys-Tyr-Ile-His-Pro-Gln-X-Asn 
Ser-Ile (SEQID NO. 5) 
(IB) Ser-Thr-Pro-Glu-Lys-Glu-Gly-Glu-Leu-Glu-Gly-Thr 
Thr-Thr-Lys (SEQID NO: 6) 
(IIA) 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 (SEQID NO:8) 
(IIC) Asn-Gln-Pro-Gln-Ala-Pro-Gly-Val-Glu-Ala-Ser-Gly 
Ala-Gly-Glu-Ala (SEQID NO: 9) 
(IID) Leu-pro-Ala-Gln-Val-Ala-Phe-X-Pro-Tyr-Ala-Pro 
Glu-Pro-Gly-Ser-Thr-Cys (SEQID NO: 9) 
(IIE) Ile-X-Pro-Gly-Phe-Gly-Val-Ala-Tyr-Pro-Ala-Leu-Glu 
(SEQID NO: 11) 
(IIF) Leu-Cys-Ala-Pro (SEQID NO: 12) 
(IIG) Val-Pro-His-Leu-Pro-Ala-Asp (SEQID NO: 13) 
(IIH) Gly-Ser-Gln-Gly-Pro-Glu-Gln-Gln-X-X-Leu-Ile-X- 
Ala-Pro (SEQID 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 liq 
uid chromatography (HPLC) and preparative SDS-polyacry 
lamide gel electrophoresis (SDS-PAGE). The combination of 
the individual purification steps, which are known from the 
state of the art, is essential to the Success of the process in 
accordance with the invention, whereby individual steps have 
been modified and improved having regard to the problem to 
be solved. Thus, for example, the original combined immune 
affinity chromatography/TNFC.-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 ligandaffin 
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 
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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 of high cell 
densities of mammalian cells from which TNF-BP can be 
isolated is also an object of the present invention. Such a 
process comprises using a medium, which has been devel 
oped for the specific growth requirements of the cell line used, 
in combination with a perfusion apparatus as described e.g. in 
detail in Example 2. By means of such a process there can be 
produced, for example, in the case of HL-60 cells up to more 
than 20-fold higher cell densities than usual. 

In addition thereto, the present invention is also concerned 
with DNA sequences coding for proteins and soluble or non 
soluble fragments thereof, which bind TNF. Thereunderthere 
are to be understood, for example, DNA sequences coding for 
non-soluble proteins or Soluble as well as non-soluble frag 
ments thereof, which bind TNF, such DNA sequences being 
selected from the following: 
(a) DNA sequences as given FIG. 1 or FIG. 4 as well as their 
complementary strands, or those which include these 
Sequences: 
(b) DNA sequences which hybridize with sequences defined 
under (a) or fragments thereof; 
(c) DNA sequences which, because of the degeneracy of the 
genetic code, do not hybridize with sequences as defined 
under (a) and (b), but which code for polypeptides having 
exactly the same amino acid sequence. 

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

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

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

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

preparations which contain at least one of these TNF-BPs or 
fragments thereof, if desired in combination with other phar 
maceutically active Substances and/or non-toxic, inert, thera 
peutically compatible carrier materials. 

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

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

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

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

be integrated using known methods into vectors described in 
the state of the art for their multiplication and expression in 
prokaryotes 42. Suitable prokaryotic host organisms are, for 
example, gram-negative and gram-positive bacteria Such as, 
for example, E. coli strains such as E. coli HB101 ATCC No. 
33 694 or E. coli W3110 ATCC No. 27325 or B. subtilis 
strains. 

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

an efficient promoter element in order to produce a good 
transcription rate, the DNA sequence to be expressed and 
signals for an efficient termination and polyadenylation of the 
transcript. Additional elements which can be used are 
"enhancers' which lead to again intensified transcription and 
sequences which e.g. can bring about a longer half life of the 
mRNA. For the 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 p J268 
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 mammaliancell 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 LTRs (“long terminal repeats”) of retroviruses 
such as, for example, RSV. HIV and MMTV. There can, 
however, also be used signals of cellular genes such as e.g. the 
promoters of the actin and collagenase genes. 

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

e.g. cells of the human cell lines Hela ATCC CCL2 and 293 
|ATCC CRL 1573 as well as 3T3 ATCC CCL 163 and L 
cells, e.g. ATCC CCL 149), (CHO) cells ATCC CCL 61. 
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BHKATCC CCL 10 cells as well as the CV 1 ATCCCCL 
70 and the COS cell lines ATCC CRL 1650, CRL 1651). 

Suitable expression vectors include, for example, vectors 
such as pBC12MIATCC 67109), pSV2dhfrATCC 37146), 
pSVL Pharmacia, Uppsala, Sweden), pRSVcat ATCC 37 
152 and pMSG Pharmacia, Uppsala, Sweden. The vectors 
“pK19 and “pN123' used in Example 9 are especially pre 
ferred vectors. These can be isolated according to known 
methods from E. coli strains HB101 (pK19) and HB101 
(pN123) transformed with them 42. These E. coli strains 
have been deposited on the 26 Jan. 1990 at the Deutschen 
Sammlung von Mikroorganismen und Zellkulturen GmbH 
(DSM) in Braunschweig, FRG, under DSM5761 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. II., edit. by Glover, D.M., IRL Press, Oxford, 1985). The 
vectors pCD4-Hu (DSM5315), pIDC4-Hy1 (DSM5314) and 
pCD4-Hy3 (DSM 5523) which have been deposited at the 
Deutschen Sammlung Von Mikroorganismen und Zellkul 
turen GmbH (DSM) in Braunschweig, FRG, and which are 
described in detail in European Patent Application No. 
90107393.2 are especially preferred vectors. This European 
Patent Specification and the equivalent Applications referred 
to in Example 11 also contain data with respect to the further 
use of these vectors for the expression of chimeric proteins 
(see also Example 11) and for the construction of vectors for 
the expression of such chimeric proteins with other immuno 
globulin fragments. 
The manner in which these cells are transfected depends on 

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

been used successfully for the expression of a series of pro 
teins (for an overview see Luckow and Summers, Bio/Tech 
nology 47-55, 1988), can be used for the expression in insect 
cells. Recombinant proteins can be produced in authentic 
form or as fusion proteins. The thus-produced proteins can 
also be modified Such as, for example, glycosylated (Smith et 
al., Proc. Nat. Acad. Sci. USA82, 8404-8408, 1987). For the 
production of a recombinant baculovirus which expresses the 
desired protein there is used a so-called “transfer vector. 
Under this there is to be understood a plasmid which contains 
the heterologous DNA sequence under the control of a strong 
promoter, e.g. that of the polyhedron gene, whereby this is 
surrounded on both sides by viral sequences. The vectors 
“pN113”, “pN119 and “pN124” used in Example 10 are 
especially preferred vectors. These can be isolated according 
to known methods from E. coli strains HB101 (pN113), 
HB101 (pN119) and HB101 (pN124) transformed with them. 
These E. coli strains have been deposited on the 26 Jan. 1990 
at the Deutschen Sammlung Von Mikroorganismen and 
Zellkulturen GmbH (DSM) in Braunschweig, FRG, under 
DSM 5762 for HB101 (pN113), DSM 5763 for HB101 
(pN119) and DSM 5765 for HB101 (pN124). The transfer 
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vector is then transfected into the insect cells together with 
DNA of the wild type baculovirus. The recombinant viruses 
which result in the cells by homologous recombination can 
then be identified and isolated according to known methods. 
An overview of the baculovirus expression system and the 
methods used therein is to be found in Luckow and Summers 
52. 
Expressed TNF-BP as well as its non-soluble or soluble 

fractions can then be purified from the cell mass or the culture 
Supernatants according to methods of protein chemistry 
which are known in the state of the art, such as, for example, 
the procedure already described on pages 5-6. 
The TNF-BP obtained in accordance with the invention 

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

accordance with the invention for TNF (K value in the order 
of 10-10"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 TNFantago 
nists according to procedures which are known in the state of 
the art. 
The TNF-BP in accordance with the invention as well as 

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

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

Example 1 

Detection of TNF-Binding Proteins 

The TNF-BP were detected in a filter test with human 
radioiodinated 'I-TNF. TNF (46, 47) was radioactively 
labelled with Na' 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 (0.45u, 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/ 
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ug) in two batches with and without the addition of 5ug/ml of 
non-labelled TNFO, washed and dried in the air. The bound 
radioactivity was detected semiquantitatively by autoradiog 
raphy or counted in a gamma-counter. The specific I 
TNF-C. binding was determined after correction for unspe 
cific binding in the presence of unlabelled TNF-C. in excess. 
The specific TNF-binding in the filter test was measured at 
various TNF concentrations and analyzed according to Scat 
chard, whereby a K value of 10-10'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 751 Airlift fermenter (Fa. Chemap, Switzerland) with 
a working volume of 581. For this there was used the cassette 
membrane system “PROSTAK” (Millipore, Switzerland) 
with a membrane surface of 0.32 m (1 cassette) integrated 
into the external circulation circuit. The culture medium (see 
Table 1) was pumped around with a Watson-Marlow pump, 
Type 603U, with 5 l/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 201 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 751 fermenter. The pH value was held at 7.1 and 
the pC), 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 
at a cell titre of 4x10° cells/ml was started with 301 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/1 to 6 g/l. The perfusion 
rate was then increased on the 3rd and 4th day to 72 1 of 
medium/day and on the 5th day to 1001 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 

CaCl2 (anhydrous) 112.644 
Ca(NO)2.4H2O 2O 
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TABLE 1-continued 

HL-60 medium 

Concentrations 
Components mg/l 

CuSO4·5H2O 0.498ol O 
Fe(NO)9H2O O.O2 
FeSO4·7HO O.1668 
KC 336.72 
KNO. O.O.309 
MgCl2 (anhydrous) 11.444 
MgSO (anhydrous) 68.37 
NaCl S801.8 
Na2HPO (anhydrous) 188.408 
NaH2POHO 75 
Na-SeOSHO 9.60103 
ZnSO7H2O O.1726 
D-Glucose 4000 
Glutathion (red.) O.2 
Hepes buffer 2383.2 
Hypoxanthin O.954 
Linoleic acid O.O168 
Lipoic acid O.042 
Phenol Red 10.24 
Putrescine 2HCI O.O322 
Napyruvate 88 
Thymidine O.146 
Biotin O.O4666 
D-Ca pantothenate 2546 
Choline chloride 5.792 
Folic acid 2.86 
i-Inositol 11.32 
Niacinamide 2.6 
Nicotinamide O.OO74 
para-Aminobenzoic acid O.2 
Pyridoxal HCI 2.4124 
Pyridoxin HCI O.2 
Riboflavin O.2876 
Thiamin HCI 2.668 
Vitamin B12 O.2782 
L-Alanine 11.78 
L-Aspartic acid 10 
L-Asparagine H2O 14.362 
L-Arginine 40 
L-Arginine HCI 92.6 
L-Aspartate 33.32 
L-Cystine 2HCl 62.04 
L-Cysteine HCl·H2O 7.024 
L-Glutamic acid 36.94 
L-Glutamine 730 
L-Glycine 21.5 
L-Histidine 3 
L-Histidine HCl·H2O 27.392 
L-Hydroxypyroline 4 
L-Isoleucine 73.788 
L-Leucine 75.62 
L-Lysine HCl 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-Tyrosine2Na 69.76 
L-Valine 62.74 
Penicillinistreptomycin 100 Uml 
insulin (human) 5 g/ml 
Tranferrin (human) 15 pg/ml 
Bovine serum albumin 67 pg/ml 
Primatone RL (Sheffield O.25% 
Products, Norwich NY, 
USA) 
Pluronic F68 
(Serva, Heidelberg, FRG) O.01% 
Foetal calf serum O.3-3% 

The centrifugate was washed with isotonic phosphate 
buffer (PBS; 0.2 g/l KC1, 0.2 g/l KHPO, 8.0 g/l NaCl, 2.16 
g/l Na HPO.7H2O), which had been treated with 5% dim 
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ethylformamide, 10 mM benzamidine, 100 U/ml aprotinin, 
10 uM leupeptin, 1 uM pepstatin, 1 mM o-phenanthroline, 5 
mM iodoacetamide, 1 mM phenyl-methylsulphonyl fluoride 
(referred to hereinafter as PBS-M). The washed cells were 
extracted at a density of 2.5-10 cells/ml in PBS-M with 
Triton X-100 (final concentration 1.0%). The cell extract was 
clarified by centrifugation (15,000xg, 1 hour; 100,000xg. 1 
hour). 

Example 3 

Production of Monoclonal (TNF-BP) Antibodies 

A centrifugation supernatant from the cultivation of 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-C. Pennica, D. et al. (1984) 
Nature 312, 724; Shirai, T. et al. (1985) Nature 313, 803: 
Wang, A. M. et al. (1985) Science 228, 149 according to the 
recommendations of the manufacturer. The column was 
washed at 4°C. and a throughflow rate of 1 ml/min firstly with 
20 ml of PBS which contained 0.1% Triton X 114 and there 
after with 20 ml of PBS. Thus-enriched TNF-BP was eluted at 
22° C. and a flow rate of 2 ml/min with 4 ml of 100 mM 
glycine, pH 2.8, 0.1% decylmaltoside. The eluate was con 
centrated to 10 ul in a Centricon 30 unit Amicon. 

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

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, 15x107 cells 
of the lymph nodes were fused with 5x107 PAI mouse 
myeloma cells (J.W. Stockeretal. Research Disclosure, 217, 
May 1982, 155-157) which were in logarithmic growth. The 
cells were mixed, collected by centrifugation and resus 
pended in 2 ml of 50% (v/v) polyethylene glycol in IMEM at 
room temperature by slight shaking and diluted by the slow 
addition of 10 ml of IMEM during careful shaking for 10 
minutes. The cells were collected by centrifugation and resus 
pended in 200 ml of complete medium IMEM--20% foetal 
calf serum, glutamine (2.0 mM), 2-mercaptoethanol (100 
uM), 100 uM hypoxanthine, 0.4 uMaminopterine and 16 uM 
thymidine (HAT). The suspension was distributed on 10 
tissue culture dishes each containing 96 wells and incubated 
at 37° C. for 11 days without changing the medium in an 
atmosphere of 5% CO, and a relative humidity of 98%. 
The antibodies are distinguished by their inhibitory action 

on the binding of TNF to HL60 cells or by their binding to 
antigens in the filter test according to Example 1. The follow 
ing procedure was used to detect the biological activity of 
antic 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 g/ml. 
After incubation at 37° C. for one hour the cells were col 
lected by centrifugation and washed with 4.5 ml of PBS at 0° 
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C. They were resuspended in 1 ml of complete RPMI 1640 
medium (Example 2) which additionally contained 0.1% 
sodium azide and 'I-TNFC (10 cpm/ml) with or without 
the addition of unlabelled TNFC. (see above). The specific 
radioactivity of the 'I-TNFC. amounted to 700 Ci/mmol. 
The cells were incubated at 4°C. for 2 hours, collected and 
washed 4 times at 0°C. with 4.5 ml of PBS which contained 
1% BSA and 0.001% Triton X 100 (Fluke). The radioactivity 
bound to the cells was measured in a Y-scintilation 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, TNFC. (3.9 mg/ml gel) and bovine serum albumin 
(BSA, 8.5 mg/ml gel) were each covalently coupled to CNBr 
activated Sepharose 4B (Pharmacia, Uppsala, Sweden) 
according to the directions of the manufacturer. The cell 
extract obtained according to Example 2 was passed through 
the thus-prepared columns which were connected in series in 
the following sequence: BSA-Sepharose pre-column, 
immune affinity column anti-(55 kD-TNF-BP) antibody. 
TNFC-ligand affinity column. After completion of the appli 
cation the two last-mentioned columns were separated and 
washed individually within each case 100 ml of the following 
buffer solutions: (1) PBS, 1.0% Triton X-100, 10 mMbenza 
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% TritonX-100, 10 mMbenzami 
dine, 100 U/ml aprotinin. Not only the immune affinity col 
umn, but also the TNFC-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 
TNFC-ligand affinity chromatography on the other hand 
were, for further purification, again applied to in each case 
one small TNFC.-ligandaffinity column. Thereafter, these two 
columns were washed with in each case 40 ml of (1) PBS, 
1.0% TritonX-100, 10 mMbenzamidine, 100U/mlaprotinin, 
(2) PBS, 0.1% TritonX-100, 0.5MNaCl, 10 mMATP, 10 mM 
benzamidine, 100 U/ml aprotinin, (3) PBS, 0.1% Triton 
X-100, (4) 50 mM Tris pH 7.5, 150 mM NaCl, 1.0% NP-40, 
1.0% desoxycholate, 0.1% SDS, (5) PBS, 0.2% decylmalto 
side. Subsequently, the columns were eluted with 100 mM 
glycine pH 2.5, 100 mM NaCl, 0.2% decylmaltoside. Frac 
tions of 0.5 ml from each column were collected and the 
fractions from each column which were active according to 
the filter test (Example 1) were combined and concentrated in 
a Centricon unit (Amicon, molecular weight exclusion 
10,000). 

Example 5 

Separation by Means of HPLC 

The active fractions obtained according to Example 4 were 
each applied according to their different source (immune or 
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ligand affinity chromatography) to C1/C8 reversed phase 
HPLC-columns (ProRPC, Pharmacia, 5x20 mm) which had 
been equilibrated with 0.1% trifluoroacetic acid, 0.1% octyl 
glucoside. The columns were then eluted with a linear aceto 
nitrile gradient (0-80%) in the same buffer at a flow of 0.5 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 10 

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) 15 
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), soya trypsin inhibitor (21.5 kD) and lysozyme (14.4kD). 

Under the mentioned conditions there were obtained for 
samples which has been obtained according to Example 4 by 25 
TNF-C-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 kDas well as three weaker bands of 38kD, 36 kD and 
34 kD. These bands were transferred electrophoretically dur- 30 
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, as 
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-TNFO 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 TNFO specifi 
cally. In the Western blot according to Towbinet 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'I radioactively-labelled, affinity-purified (mouse 45 
immunoglobulin-Sepharose-4B affinity column) rabbit-anti 
mouse-immunoglobulin antibody was used for the autorad 
iographic detection of this antibody. 

Samples which had been obtained according to Example 4 
by two-fold TNF-C-ligand affinity chromatography of the 50 
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 ss 
(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. 60 

40 

Example 7 

Amino Acid Sequence Analysis 
65 

For the amino acid sequence analysis, the fractions which 
had been obtained according to Example 5 and which were 

16 
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 
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 HPLC 
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-Ile (SEQID NO:5), 

and 
Ser-Thr-Pro-Glu-Lys-Glu-Gly-Glu-Leu-Glu-Gly-Thr 

Thr-Thr-Lys (SEQID NO: 6) in which X stands for an 
amino acid residue which could not be determined, 

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

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

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

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

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

Additional peptide sequences for 75(65) kDa-TNF-BP 
were determined: 
Ile-X-Pro-Gly-Phe-Gly-Val-Ala-Tyr-Pro-Ala-Leu-Glu 
(SEQID NO: 11) 
and 
Ser-Gln-Leu-Glu-Thr-Pro-Glu-Thr-Leu-Leu-Gly-Ser-Thr 
Glu-Glu-Lys-Pro-Leu (SEQID 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 (SEQID NO:9) and Leu-Cys-Ala-Pro (SEQID 
NO:12) 
and 
Val-Pro-His-Leu-Pro-Ala-Asp SEQID NO: 13) 
and 
Gly-Ser-Gln-Gly-Pro-Glu-Gln-Gln-X-X-Leu-Ile-X-Ala-Pro 
(SEQID NO: 14), 



US 8,163,522 B1 
17 

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 cloNA 
strand and the two synthesized degenerate “sense' and “anti 
sense' oligonucleotides were used in a polymerase chain 
reaction (PCR, Perkin Elmer Cetus, Norwalk, Conn., USA 
according to the instructions of the manufacturer) to synthe 
size as a cDNA fragment the base sequence coding for the 
amino acid residues 8-16 (formula IA). The base sequence of 
this cDNA 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 gt1 1-cDNA gene bank from human 
placenta (42, 43). This clone was then cut according to usual 
methods from the w-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 “O'”) 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 
75/65kDTNF-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 cloNA clones of different lengths. This 
cDNA library was produced using isolated HL60 RNA and a 
cDNA cloning kit (Amersham) according to the details of the 
manufacturer. The sequence of such a cDNA clone is given in 
FIG. 4 (SEQID NO: 28), whereby repeated sequencing lead 
to the following correction as depicted in FIG. 6 (SEQID NO: 
3). A threonine coded by ACC not “TCC”, has to be at 
position 3 instead of the serine. 
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Example 9 

Expression in COS1 Cells 

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

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

After these cleavage sites there are situated three transla 
tion stop codons in all three reading frames. After the 
polylinker-sequence there is situated the 2nd intron and the 
polyadenylation signal of the preproinsulin gene of the rat 
(Lomedico et al., Cell 18, 545-558, 1979). The plasmid also 
contains the replication origin of the SV40 virus and a frag 
ment from plBR322 which confers E. coli-bacteria amplicillin 
resistance and permits the replication of the plasmid in E. coli. 

For the construction of the expression vector “pN123, this 
plasmid “pN11 was cleaved the restriction endonuclease 
PvulI 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' (SEQID NO:19) 
ASP718 
3'-CGTGACTCCTGAGTCCGTGGTGTAT 

TATCTCTAGACCA TGGCCC-5' (SEQID 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 anagarose gel (F2). F2 was then ligated with V1 
and the entire batch was used for the transformation of E. coli 
HB101, as already described. Transformants which had been 
transformed with a plasmid containing the DNA fragment in 
the correct orientation for the expression via the HCMV 
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promoter were identified by DNA sequencing (see above). 
The plasmid isolated therefrom received the designation 
“pK19. 

Transfection of the COS cells with the plasmids “pN123” 
or “pK19 was carried out according to the lipofection 
method published by Felgner et al. (Proc. Natl. Acad. Sci. 
USA 84, 7413-7417, 1987). 72 hours after the transfection 
had been effected the cells transfected with “pN123” were 
analyzed for binding with 'I-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 ul/well of a rabbit-anti-mouse immunoglobulin (10 
ug/ml PEBS). 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 ul/well of the culture 
supernatant (diluted 1:4 with buffer A containing 1% 
skimmed milk powder: 50 mM Tris/HCl pH 7.4, 140 mM 
NaCl, 5 mM EDTA, 0.02% Naazide). The plates were emp 
tied and incubated at 4°C. for 2 hours with buffer A contain 
ing 'I-TNFO (10 cpm/ml, 100 ul/well) with or without the 
addition of 2 ug/ml of unlabelled TNF. Thereafter, the plates 
were washed 4 times with PBS, the individual wells were cut 
out and measured in a w-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 (columni8) 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' (SEQID NO: 21) 
3'-GTCTTAAGTATTATCCATG-5' (SEQ ID NO: 22) 
E. coli HB101 was transformed with the ligation batch and 

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

the transfer vector “pN119. The 1.3 kb EcoRI/EcoRI frag 
ment of the 55 kD TNF-BP cDNA in the “pUC19 plasmid 
(see Example 8) was digested with BanI and ligated with the 
following synthetic oligonucleotide: 

BanI Asp718 
5'-GCACCACATAATAGAGATCTGGTACCGGGAA-3' 

(SEQ ID NO. 23) 
3'-GTGTATTATCTCTAGACCATGGCCC-5' (SEQ ID 

NO: 24) 
Two stop codons of the translation after amino acid 182 and 

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

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

the insect cells. 3 ug of the transfer vector “pN113 were 
transfected with 1 g 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-TNFC. For this purpose, 
the transfected cells were washed from the cell culture dish 
with a Pasteur pipette and resuspended at a cell density of 
5x10° cells/ml of culture medium 52 which contained 10 
ng/ml of ''I-TNF-C, not only in the presence of, but also in 
the absence of 5ug/ml of non-labelled TNF-C. and incubated 
on ice for 2 hours. Thereafter, the cells were washed with pure 
culture medium and the cell-bound radioactivity was counted 
in a y-counter (see Table 2). 

TABLE 2 

Cell-bound 
radioactivity 

Cells per 10 cells 

Non-infected cells (control) 
Infected cells 

60 cpm 
1600 + 330 cpm 

1) Average and standard deviation from 4 experiments 

Example 11 

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

SSt I 
5'-TAC GAG CTC GGC CAT AGC TGT CTG GCATG-3' 

(SEQ ID NO:25) 
Oligonucleotide 2: 

SSt I 
5'-ATA GAG CTC TGT GGT GCC TGA GTC CTCAG-3' 

(SEQ ID NO: 26) 
This cDNA fragment was ligated in the pCD4-Hy3 vector 
DSM 5523: European Patent Application No. 90107393.2: 
Japanese Patent Application No. 108967/90; U.S. patent 
application Ser. No. 51/077,390 from which the CD4-cDNA 
had been removed via the SstI restriction cleavage sites. Sst 
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 g/ml of mycophe 
nolic acid and 250 ug/ml of xanthin (Traunecker et al., Eur. J. 
Immunol. 16, 851-854 1986) in basic medium (Dulbecco's 
modified Eagle's Medium, 10% foetal calf serum, 5x10M 
2-mercaptoethanol). The expression product secreted by the 
transfixed cells could be purified using usual methods of 
protein chemistry, e.g. TNF-BP-antibody affinity chromatog 
raphy. Unless not already specifically indicated, standard pro 
cedures as described e.g. by Freshney, R. I. in “Culture of 
Animal Cells'. Alan R. Liss, Inc., New York (1983) were used 
for the cultivation of the cell lines employed, for the cloning, 
for the selection or for the expansion of the cloned cells. 
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SEQUENCE LISTING 

<16 Os NUMBER OF SEO ID NOS: 29 

<21 Os SEQ ID NO 1 
&211s LENGTH: 2111 
212s. TYPE : DNA 

<213> ORGANISM: Homo sapiens 

<4 OOs SEQUENCE: 1 

gaatt C9ggg 

cc ct caactg 

ccago actgc 

totgg catgg 

ttggtgggaa 

aagagagata 

tgtaccalagt 

acggactgca 

tgcct cagot 

gtggaccggg 

alacct t t to c 

Caggagaaac 

tgtgtct cot 

attgagaatg 

ttctittggtc 

tggaagt cca 

Cttgaaggaa 

ttcaCCCCCa 

tat accc.ccg 

Cagggggctg 

Cagalagtggg 

Ctgtacgc.cg 

gggctgagcg 

gcgcaataca 

gagctgctgg 

gaggcgctitt 

gggttcaaga 

to accc.caag 

cgctgccaca 

gcct citccac 

tat acco Citc. 

gccacaaagg 

gggagtgttga 

gcticcaaatg 

acaccgtgtg 

agtgcttcaa 

agaac accgt. 

gtagtaactg 

ttaagggcac 

tttgccttitt 

agctic tactic 

Ctact actaa 

cc ctgggctt 

gtgactgtc.c 

acco.cat CCt 

aggacagcgc 

tggtggagaa 

accacgagat 

gcatgctggc 

gacgc.gtgct 

gcggcc.ccgc 

to actgggac 

gc acttggga 

Ctgcc ctgag 

cgtgcctgac 

aggggittatt 

ccaaggaaaa 

aacct acttg 

gaggggct cc 

cc.gaaaggaa 

tggctgcagg 

ttgcago ct c 

gtgcacctgc 

taagaaaagc 

tgaggactica 

at occtic ct c 

cattgtttgt 

gcc cctggcc 

cagtc.ccgtg 

caactittgcg 

tgcgacagcc 

ccacaa.gc.ca 

cgatcggctg 

gacCt99agg 

cc.gcgacatg 

cgc.cctic cc.g 

Caggc.cgtga 

cgt.cctggac 

cc caaatggg 

Ctgctgctgc 

ggactggtc.c 

tatatocacc 

tacaatgact 

tt caccgctt 

atgggtcagg 

aagaaccagt 

tgcct caatg 

catgcaggtt 

Ctggagtgca 

ggcaccacag 

tt cattggitt 

gggaaatcga 

Coaaac C. Cala 

cc cagttcca 

gctic ccc.gca 

ct cqcct cog 

cagagcc tag 

ttgcgctgga 

gagdtgcaga 

cggcgcacgc 

gacctgctgg 

cccdc.gc.cca 

totctatogcc cdagt citcaa 60 

agaccgagtic ccgggaagcc 12O 

ggagtgagag gccatagotg 18O 

cgctggtgct Cotggagctg 24 O 

ct caccitagg ggacagggag 3 OO 

citcaaaataa titcqatttgc 360 

gtCC aggc.cc ggggcaggat 42O 

cagaaaacca cct cagacac 48O 

tggagatct c ttcttgcaca 54 O 

accggcatta ttggagtgaa 6 OO 

ggaccgtgca cct ct cctgc 660 

tottt ctaag agaaaacgag 72O 

cgaagttgttg cct accc.cag 78O 

tgctgttgcc cctoggt catt 84 O 

taatgitat cq ctaccaacgg 9 OO 

Cacctgaaaa agagggggag 96.O 

gott cagtcc cact coaggc O2O 

cctt cacct c cagotccacc O8O 

gagaggtggc accaccct at 14 O 

acco catcCC Caac CoCCtt 2 OO 

acactgatga cc cc.gc.gacg 26 O 

agga attcgt gcggcgc.cta 32O 

acgggcgctg. CCtg.cgc.gag 38O 

Cg.cggcgcga gcc acgctg 4 4 O 

gctgcctgga ggacatcgag 5 OO 

gt ctitcticag atgaggctgc 560 



gcc cct gcgg 

tggaaaggag 

c cct cqatigt 

cgcggagaga 

acgctatogcc 

gttcgt.ccct 

gttttgttitt 

Cctgga caag 

ggcctt cagc 

gcagotctaa 

gggtcCtgca 

acatagctitt 

ggtgcgc.cgt 

t catgc.ccgt. 

gag cctttitt 

taaatcaatc. 

cacatagdaa 

tggagctgttg 

aaccc.gaatt c 

<210s, SEQ ID NO 2 
&211s LENGTH: 45.5 
212. TYPE : 

&213s ORGANISM: 
PRT 

<4 OOs, SEQUENCE: 2 

25 

ggaccgt.cct 

ggggcaa.gca 

t ct cagotgc 

gggct Caaga 

tittgggtgtc. 

cacagtgcat 

atgttacact 

gctgaactgt 

gactitttgta 

Homo sapiens 

Met Gly Lieu Ser Thr Val Pro Asp 
1. 

Glu 

His 

Arg 

Glu 

Asn 
145 

Asn 

Gly 

Lell 
225 

Ser 

Gly 

Phe 

Luell 

Luell 

Ile 
SO 

Thir 

Arg 

His 

Ile 

Asn 
13 O 

Glin 

Glu 

Luell 

Thir 
21 O 

Ser 

Glu 

Ser 

Luell 

Gly 
35 

His 

Glu 

Ser 
115 

Glin 

Ser 

Asn 

Cys 
195 

Thir 

Luell 

Luell 

Luell 

Pro 

Val Gly Ile Tyr Pro 

Asp Arg Glu Lys Arg 
4 O 

Pro Glin Asn. Asn. Ser 
55 

Lieu. Tyr Asn Asp Cys 
70 

Cys Glu Ser Gly Ser 
85 

Lieu. Ser Cys Ser Lys 

Ser Cys Thr Val Asp 
12 O 

Tyr Arg His Tyr Trp 
135 

Lieu. Cys Lieu. Asn Gly 
150 

Thr Val Cys Thr Cys 
1.65 

Val Ser Cys Ser Asn 
18O 

Lieu Pro Glin Ile Glu 

Wall Lieu Lleu Pro Lieu. 
215 

Lieu. Phe Ile Gly Lieu 
23 O 

Tyr Ser Ile Val Cys 
245 

Glu Gly. Thir Thr Thr 
26 O 

Thr Pro Gly Phe Thr 

gcgagat.cgc 

ggagctagda 

Ctgcgc.gc.cg 

gcctgagtgg 

citcaccagoa 

aag cagttitt 

aatagaaact 

Cctaaggcag 

Catacactaa 

Lieu. Luell Luell 
1O 

Ser Gly Val 
25 

Asp Ser Val 

Ile Cys Cys 

Pro Gly Pro 

Phe Thir Ala 
90 

Cys Arg Llys 
105 

Arg Asp Thr 

Ser Glu Asn 

Thir Wal His 
155 

His Ala Gly 
17O 

Cys Llys Llys 
185 

Asn. Wall Lys 

Wall Ile Phe 

Met Tyr Arg 
235 

Gly Lys Ser 
250 

Llys Pro Lieu. 
265 

Pro Thir Lieu. 

US 8,163,522 B1 

- Continued 

ct tccaa.ccc. cact t t t t to 

gcc.gc.ctact 

ccgacagtica 

aggctgctcg 

ttttgtttitt 

tggcact cot 

ggg.cgagcac 

aattctgaag 

Pro 

Ile 

Thir 
6 O 

Gly 

Ser 

Glu 

Wall 

Lell 
14 O 

Lell 

Phe 

Ser 

Gly 

Phe 
22O 

Thir 

Ala 

Gly 

Lell 

Gly 

Pro 
45 

Glin 

Glu 

Met 

Cys 
125 

Phe 

Ser 

Phe 

Lell 

Thir 

Gly 

Glin 

Pro 

Pro 

Phe 

Wall 

Luell 
3O 

Glin 

Asp 

Asn 

Gly 
11 O 

Gly 

Glin 

Luell 

Glu 
19 O 

Glu 

Luell 

Arg 

Glu 

Asn 
27 O 

Ser 

tggtgctaac 

gcgctgttgcg 

aggatgaggg 

ggggcCCCtg 

gttttgttitt 

gtgcc ct ctg 

ggaacaatgg 

ttaaaaaaaa. 

Lieu. Luell 
15 

Wall Pro 

Gly Lys 

His Lys 

Thir Asp 

His Lieu. 
95 

Glin Wall 

Cys Phe 

Glin Glu 
160 

Arg Glu 
17s 

Cys Thr 

Asp Ser 

Cys Lieu. 

Trp Llys 
24 O 

Lys Glu 
255 

Pro Ser 

Pro Wall 

162O 

168O 

1740 

18OO 

1860 

1920 

198O 

21OO 

2111 

26 







US 8,163,522 B1 
31 

- Continued 

1.65 17O 17s 

Pro Ser Pro Pro Ala Glu Gly Ser Thr Gly Asp Phe Ala Leu Pro Val 
18O 185 19 O 

Gly Lieu. Ile Val Gly Val Thr Ala Lieu. Gly Lieu. Lieu. Ile Ile Gly Val 
195 2OO 2O5 

Val Asn. Cys Val Ile Met Thr Glin Val Lys Llys Llys Pro Lieu. Cys Lieu 
21 O 215 22O 

Glin Arg Glu Ala Lys Val Pro His Lieu Pro Ala Asp Lys Ala Arg Gly 
225 23 O 235 24 O 

Thr Glin Gly Pro Glu Gln Gln His Leu Lieu. Ile Thr Ala Pro Ser Ser 
245 250 255 

Ser Ser Ser Ser Lieu. Glu Ser Ser Ala Ser Ala Lieu. Asp Arg Arg Ala 
26 O 265 27 O 

Pro Thr Arg Asn Gln Pro Glin Ala Pro Gly Val Glu Ala Ser Gly Ala 
27s 28O 285 

Gly Glu Ala Arg Ala Ser Thr Gly Ser Ser Ala Asp Ser Ser Pro Gly 
29 O 295 3 OO 

Gly His Gly Thr Glin Val Asn Val Thr Cys Ile Val Asn Val Cys Ser 
3. OS 310 315 32O 

Ser Ser Asp His Ser Ser Glin Cys Ser Ser Glin Ala Ser Ser Thr Met 
3.25 330 335 

Gly Asp Thir Asp Ser Ser Pro Ser Glu Ser Pro Lys Asp Glu Glin Val 
34 O 345 35. O 

Pro Phe Ser Lys Glu Glu. Cys Ala Phe Arg Ser Gln Lieu. Glu. Thr Pro 
355 360 365 

Glu Thir Lieu. Leu Gly Ser Thr Glu Glu Lys Pro Leu Pro Leu Gly Val 
37 O 375 38O 

Pro Asp Ala Gly Met Lys Pro Ser 
385 390 

<210s, SEQ ID NO 5 
&211s LENGTH: 28 
212. TYPE: PRT 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic peptide 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (25) ... (25) 
<223> OTHER INFORMATION: Xaa = unknown amino acid 

<4 OOs, SEQUENCE: 5 

Lieu Val Pro His Lieu. Gly Asp Arg Glu Lys Arg Asp Ser Val Cys Pro 
1. 5 1O 15 

Gln Gly Lys Tyr Ile His Pro Glin Xaa Asn Ser Ile 
2O 25 

<210s, SEQ ID NO 6 
&211s LENGTH: 15 
212. TYPE: PRT 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic peptide 

<4 OOs, SEQUENCE: 6 

Ser Thr Pro Glu Lys Glu Gly Glu Lieu. Glu Gly Thr Thr Thr Lys 
1. 5 1O 15 

<210s, SEQ ID NO 7 
&211s LENGTH: 18 
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212. TYPE: PRT 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic peptide 

<4 OO > SEQUENCE: 7 

Ser Gln Leu Glu Thr Pro Glu Thir Lieu. Leu Gly Ser Thr Glu Glu Lys 
1. 5 1O 15 

Pro Leu 

<210s, SEQ ID NO 8 
&211s LENGTH: 4 
212. TYPE: PRT 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic peptide 

<4 OOs, SEQUENCE: 8 

Val Phe Cys Thr 
1. 

<210s, SEQ ID NO 9 
&211s LENGTH: 16 
212. TYPE: PRT 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic peptide 

<4 OOs, SEQUENCE: 9 

Asn Glin Pro Glin Ala Pro Gly Val Glu Ala Ser Gly Ala Gly Glu Ala 
1. 5 1O 15 

<210s, SEQ ID NO 10 
&211s LENGTH: 18 
212. TYPE: PRT 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic peptide 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (8) ... (8) 
<223> OTHER INFORMATION: Xaa = unknown amino acid 

<4 OOs, SEQUENCE: 10 

Lieu Pro Ala Glin Val Ala Phe Xaa Pro Tyr Ala Pro Glu Pro Gly Ser 
1. 5 1O 15 

Thr Cys 

<210s, SEQ ID NO 11 
&211s LENGTH: 13 
212. TYPE: PRT 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic peptide 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (2) ... (2) 
<223> OTHER INFORMATION: Xaa = unknown amino acid 

<4 OOs, SEQUENCE: 11 

Ile Xaa Pro Gly Phe Gly Val Ala Tyr Pro Ala Lieu. Glu 
1. 5 1O 

<210s, SEQ ID NO 12 
&211s LENGTH: 4 
212. TYPE: PRT 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

34 
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<223> OTHER INFORMATION: Synthetic peptide 

<4 OOs, SEQUENCE: 12 

Lieu. Cys Ala Pro 
1. 

<210s, SEQ ID NO 13 
&211s LENGTH: 7 
212. TYPE: PRT 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic peptide 

<4 OOs, SEQUENCE: 13 

Val Pro His Lieu Pro Ala Asp 
1. 5 

<210s, SEQ ID NO 14 
&211s LENGTH: 15 
212. TYPE: PRT 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic peptide 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (9) . . (10 
223 OTHER INFORMATION: Xaa 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (13) . . (13) 
223 OTHER INFORMATION: Xaa 

unknown amino 

unknown amino 

<4 OOs, SEQUENCE: 14 

Gly Ser Glin Gly Pro Glu Glin Glin Xaa Xala Lieu. Ile Xaa Ala Pro 
1. 5 1O 

<210s, SEQ ID NO 15 
&211s LENGTH: 9 
212. TYPE: PRT 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic peptide 

<4 OOs, SEQUENCE: 15 

Lieu Val Pro His Lieu. Gly Asp Arg Glu 
1. 5 

<210s, SEQ ID NO 16 
&211s LENGTH: 27 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic primer 

<4 OOs, SEQUENCE: 16 

agggagaaga gagatagtgt gtgtc.cc 

<210s, SEQ ID NO 17 
&211s LENGTH: 41 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic primer 

<4 OOs, SEQUENCE: 17 

aagcttggcc aggatc.ca.gc tigactgactg atcgc.gagat 

<210s, SEQ ID NO 18 

- Continued 

acid 

acid 

15 

27 

41 

36 
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&211s LENGTH: 41 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Antisense primer 

<4 OOs, SEQUENCE: 18 

gatctogcga t cagt cagtic agctggat.cc tigccaa.gct t 

<210s, SEQ ID NO 19 
&211s LENGTH: 38 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic primer 

<4 OOs, SEQUENCE: 19 

Cacagggat.c catagctgtc. tccatgggc Ctctic cac 

<210s, SEQ ID NO 2 O 
&211s LENGTH: 44 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Antisense primer 

<4 OOs, SEQUENCE: 2O 

cc.cggtacca gat Ctctatt atgtggtgcc tagt cct ca gtgc 

<210s, SEQ ID NO 21 
&211s LENGTH: 19 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic primer 

<4 OOs, SEQUENCE: 21 

gatccagaat t cataatag 

<210s, SEQ ID NO 22 
&211s LENGTH: 19 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Antisense primer 

<4 OOs, SEQUENCE: 22 

gtacct atta tdaattctg 

<210s, SEQ ID NO 23 
&211s LENGTH: 31 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic primer 

<4 OOs, SEQUENCE: 23 

gcaccacata atagagat.ct ggit accggga a 

<210s, SEQ ID NO 24 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Antisense primer 

<4 OOs, SEQUENCE: 24 

41 

38 

44 

19 

19 

31 

38 
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cc.cgg tacca gat citctatt atgtg 

<210s, SEQ ID NO 25 
&211s LENGTH: 29 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic primer 

<4 OOs, SEQUENCE: 25 

tacgagct cq gccatagctg. tctgg catg 

<210s, SEQ ID NO 26 
&211s LENGTH: 29 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic primer 

<4 OOs, SEQUENCE: 26 

atagagct ct gtggtgcctg agt cct cag 

<210s, SEQ ID NO 27 
&211s LENGTH: 461 
212. TYPE: PRT 

<213> ORGANISM: Homo sapiens 

<4 OOs, SEQUENCE: 27 

Met Ala Pro Val Ala Val Trp Ala Ala Lieu Ala 
1. 5 1O 

Trp Ala Ala Ala His Ala Lieu Pro Ala Glin Val 
2O 25 

Ala Pro Glu Pro Gly Ser Thr Cys Arg Lieu. Arg 
35 4 O 

Thr Ala Gln Met Cys Cys Ser Lys Cys Ser Pro 
SO 55 

Val Phe Cys Thr Lys Thr Ser Asp Thr Val Cys 
65 70 7s 

Ser Thr Tyr Thr Gln Leu Trp Asn Trp Val Pro 
85 90 

Gly Ser Arg Cys Ser Ser Asp Glin Val Glu Thr 
1OO 105 

Glu Glin Asn Arg Ile Cys Thr Cys Arg Pro Gly 
115 12 O 

Ser Lys Glin Glu Gly Cys Arg Lieu. Cys Ala Pro 
13 O 135 

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

Cys Llys Pro Cys Ala Pro Gly Thr Phe Ser Asn 
1.65 17O 

Asp Ile Cys Arg Pro His Glin Ile Cys Asn Val 
18O 185 

Asn Ala Ser Met Asp Ala Val Cys Thr Ser Thr 
195 2OO 

Met Ala Pro Gly Ala Val His Leu Pro Glin Pro 
21 O 215 

Gln His Thr Glin Pro Thr Pro Glu Pro Ser Thr 
225 23 O 235 

Phe Leu Lleu Pro Met Gly Pro Ser Pro Pro Ala 
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Wall 

Ala 

Glu 

Gly 
6 O 

Asp 

Glu 

Glin 

Trp 

Lell 
14 O 

Thir 

Thir 

Wall 

Ser 

Wall 
22O 

Ala 

Glu 

Gly 

Phe 

Tyr 
45 

Glin 

Ser 

Ala 

Tyr 
125 

Arg 

Ser 

Thir 

Ala 

Pro 

Ser 

Pro 

Gly 

Luell 

Thir 

His 

Luell 

Cys 
11 O 

Asp 

Ser 

Ile 
19 O 

Thir 

Thir 

Ser 

Ser 

Glu 
15 

Pro 

Asp 

Ala 

Glu 

Ser 
95 

Thir 

Ala 

Wall 

Ser 
17s 

Pro 

Arg 

Arg 

Thir 

Thir 

Luell 

Tyr 

Glin 

Lys 

Asp 

Cys 

Arg 

Luell 

Wall 
160 

Thir 

Gly 

Ser 

Ser 

Ser 
24 O 

Gly 

25 

29 

29 

40 



Asp 

Lell 

Ala 
3. OS 

Ile 

Ala 

Wall 

Asp 

Wall 
385 

Ala 

Glin 

Lell 

Phe 

Luell 

Lys 
29 O 

Asp 

Thir 

Luell 

Glu 

Ser 
37 O 

Asn 

Ser 

Asp 

Luell 

Pro 
450 

Ala 

Ile 
27s 

Pro 

Ala 

Asp 

Ala 
355 

Ser 

Wall 

Ser 

Glu 

Glu 
435 

Luell 

245 

41 

Lieu Pro Val Gly Lieu 
26 O 

Ile Gly Val Val Asn 

Lieu. Cys Lieu. Glin Arg 
295 

Ala Arg Gly Thr Glin 
310 

Pro Ser Ser Ser Ser 
3.25 

Arg Arg Ala Pro Thr 
34 O 

Ser Gly Ala Gly Glu 
360 

Pro Gly Gly His Gly 
375 

Cys Ser Ser Ser Asp 
390 

Thr Met Gly Asp Thr 
4 OS 

Glin Wall Pro Phe Ser 

Thr Pro Glu. Thir Lieu. 
44 O 

Gly Val Pro Asp Ala 

<210s, SEQ ID NO 28 
&211s LENGTH: 2339 
&212s. TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<4 OOs, SEQUENCE: 28 

tcggactic cq ttgttgactic 

cc.cgagtgct 

acticgggaac 

Caggaggggt 

agacCaggaa 

aacacgacitt 

Cctgggaatg 

cCaggggcag 

ccagaaccca 

gctgaaggga 

ttgggit ctac 

c ccttgttgcc 

acac agggcc 

Ctggagagct 

cCaggcgtgg 

tott coccitg 

tgagctgttgg 

agalacc.gcat 

gcc.ggctgttg 

ctgaaacatc 

catccacgga 

Caagcaggga 

tacaCttacC 

gcactgct co 

gCactggcga 

taataatagg 

tgcagagaga 

cc.gagcagca 

cggc.ca.gtgc 

aggc.ca.gtgg 

gtggcCatgg 

45.5 

Ctgtgaggac 

ctic cc.gctgt 

ctgcacctgc 

agacgtggtg 

tatttgcagg 

tgcagtctgc 

Ccagc.cagtg 

aag cacct co 

citt cqctcitt 

agtggtgaac 

agc.calaggtg 

gCacctgctg 

gttggacaga 

ggc.cggggag 

gacccaggto 

250 

Ile Val Gly 
265 

Cys Val Ile 

Glu Ala Lys 

Gly Pro Glu 
315 

Ser Ser Lieu. 
330 

Arg Asn Glin 
345 

Ala Arg Ala 

Thr Glin Wall 

His Ser Ser 
395 

Asp Ser Ser 
41O 

Lys Glu Glu 
425 

Lieu. Gly Ser 

Gly Met Lys 

agcacataca 

agctctgacc 

aggc.ccggct 

ccgaagtgcc 

tgcaa.gc.cct 

c cccaccaga 

acgt.ccacgt. 

tccacacgat 

titcctgctcc 

Ccagttggac 

tgttgtcatca 

cct cacttgc 

at Cacagcgc 

agggcgcc.ca 

gcc.cgggc.ca 

aatgtcacct 
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Wall 

Met 

Wall 
3 OO 

Glin 

Glu 

Pro 

Ser 

Asn 

Glin 

Pro 

Thir 

Pro 
460 

Thir 

Thir 
285 

Pro 

Glin 

Ser 

Glin 

Thir 
365 

Wall 

Ser 

Ala 

Glu 
445 

Ser 

Ala 
27 O 

Glin 

His 

His 

Ser 

Ala 
35. O 

Gly 

Thir 

Ser 

Glu 

Phe 
43 O 

Glu 

cc.cagct citg 

aggtggaaac 

ggtactg.cgc 

gcc.cgggctt 

tctgtaacgt. 

cc.cccaccc.g 

CCCaCacao 

Caatgggcc C 

tgattgttggg 

tgaccCaggit 

ctg.ccgataa 

cgagctic cag 

Ctcggalacca 

gCaccgggag 

gcatcgtgaa 

255 

Lieu. Gly 

Val Lys 

Leul Pro 

Lieu. Luell 
32O 

Ala Ser 
335 

Pro Gly 

Ser Ser 

Cys Ile 

Ser Glin 
4 OO 

Ser Pro 
415 

Arg Ser 

Llys Pro 

gaactgggitt 

t caagcc togc 

gctgagcaa.g 

cgg.cgtggCC 

gacgttcticc 

ggtggc.cat C 

gag tatggCC 

gcago Caagt 

cagcc.ccc.ca 

tgttgacagcc 

gaaaaagaag 

ggc.ccggggt 

cagcagotcc 

gcc acaggca 

cticagoagat 

cgtctgtagc 

6 O 

12 O 

18O 

24 O 

3OO 

360 

54 O 

660 

72 O 

84 O 

9 OO 

96.O 

42 
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13 O 135 14 O 

Glin Wall 
150 

Thir Glin 
155 

His Lieu. Pro Pro Ser Ser His Thir 
145 

Arg 

Glu Thir 
1.65 

Ala Thir Ser Phe Leu Lleu. 
17O 

Pro Pro Ser Pro Ser 

Ala Glu Thir 
185 

Pro Ser Phe Ala 
18O 

Pro Ser Pro Gly Gly Asp 

Ile 
195 

Wall Wall. Thir Ala Ile 
2O5 

Gly Lieu. Gly Lieu. Gly Lieu. Lieu. 

Wall Wall Ile Met Thr 
215 

Asn Glin Wall Pro 
21 O 

Lys 
22O 

Glin 
225 

Glu Ala Wall 
23 O 

Ala 
235 

Arg Lys Pro His Lieu. Pro Asp 

Thir Glin Glu 
245 

Glin Glin Lieu. Ile Thir Ala 
250 

Gly Pro His Lieu. 

Glu Ala 
265 

Ser Luell Ser Ser Ser Ala Lieu 
26 O 

Ser Ser Ser Asp 

Thir Glin Glin Ala Wall Glu Ala 
285 

Pro Arg Asn Pro Pro Gly 

Glu 
29 O 

Ala Ala Thir 
295 

Gly Arg Ser Gly Ser Ser Ala Asp Ser 
3 OO 

Thir Glin Wall 
310 

Wall. Thir Ile 
315 

Gly His Asn Wall Asn 
3. OS 

Gly 

Glin Ser Glin Ala Ser 
330 

Ser Ser Ser 
3.25 

Ser Ser Asp His 

Thir Glu 
345 

Gly Asp Asp Ser Ser Pro Ser Ser Pro 
34 O 

Asp 

Phe Glu Glu Ala 
360 

Phe Gln Lieu. 
365 

Ser Ser 
355 

Pro Lys Arg 

Glu Thir 
37 O 

Thir 
375 

Glu Glu Leul Pro Lieu. Lieu. Gly Ser Pro 

Pro Ala Met Pro Ser 
385 

Asp Gly Lys 
390 

The invention claimed is: 

1. A method comprising the steps of 
(a) culturing a host cell comprising a polynucleotide, 

wherein the polynucleotide encodes a protein consisting 
of: 

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

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

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

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

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

Gln Pro 

Pro Met 
17s 

Luel Pro 
19 O 

Ile Gly 

Lieu. Cys 

Ala Arg 

Pro Ser 
255 

Arg Arg 
27 O 

Ser Gly 

Ser Pro 

Val Cys 

Ser Thr 
335 

Glu Glin 
35. O 

Glu Thir 

Lieu. Gly 

45 

50 

55 

60 

65 

Ser 
160 

Gly 

Wall 

Wall 

Luell 

Gly 
24 O 

Ser 

Ala 

Ala 

Gly 

Ser 
32O 

Met 

Wall 

Pro 

Wall 

4. A polynucleotide encoding a protein consisting of: 
(a) the extracellular region of an insoluble human TNF 

receptor, 
wherein the insoluble human TNF receptor (i) has an 

apparent molecular weight of about 75 kilodaltons as 
determined on a non-reducing SDS-polyacrylamide gel 
and (ii) comprises the amino acid sequence 
LPAQVAFXPYAPEPGSTC (SEQID NO: 10), and 

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

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

claim 4. 

7. A method comprising the steps of: 
(a) culturing a host cell comprising a polynucleotide, 

wherein the polynucleotide encodes a protein consisting 
of: 

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

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

8. The method of claim 7, wherein the human IgG immu 
noglobulin heavy chain is an IgG heavy chain. 

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

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

cell. 


