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Abstract of the Disclosure: Novel proteins which have a

molecular weight of about 42,000 daltons and have at the
N terminus the amino acid sequence

Xaa Thr Pro Tyr Ala Pro Glu Pro Gly Ser Thr Cys Arg Leu
Arg Glu

where X is hydrogen, a phenylalanine residue (Phe) or the
amino acid sequences Ala Phe, Val Ala Phe, Gln Val Ala
Phe, Ala Gln Val Ala Phe, Pro Ala Gln Val Ala Phe or Leu
Pro Ala Gln Val Ala Phe, and which are suitable for the
treatment of diseases, are described.
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TNF-INHIBITING PROTEINS AND THE PREPARATION THEREOF

This application is a division of application no.

2.050,300 filed on May 4, 1990.

The present invention relates to novel proteins
and the preparation thereof.

TNFa (tumor necrosis factor) is a known protein
which has a broad spectrum of biological activities. It
iniluences wvaricus malignant and non-malignant cell

10 types, plays a part in septic shock and tissue injuries
and in kidney rejections, transplantations, shock lung

and cerebral malaria (Lymphokines 1987 Vol. 14: Pharma-
ceutical Res. 5 (1988), 12S; Science 234 (1986), 470;
Nature 330 (19:87') ;. 662; J. Exp. Med. 166 (1987), 1132;
Science 237 (1987), 1210; J. Exp. Med. 166 (1987), 1280).

It is known that the action of TNFe can be
neutralized by antibodies (EP 260 610). However, these

antibodies are not human substances so that use on humans

may lead to immunological reactions.

We have now found proteinsg which are of human

origin and are able to neutralize the action of TNF«.

<0 The present invention relates to proteins which

have a molecular weight of about 42,000 daltons and have
at the N terminus the amino acid sequences

Xaa Thr Pro Tyr Ala Pro Glu Pro Gly Ser Thr Cys Arg Leu
Arg Glu o

where X is hydrogen, a phenylalanine residue (Phe) or the
amino acid sequences Ala Phe, Val Ala Phe, Gln Val Ala
Phe, Ala Gln Val Ala Phe, Pro Ala Gln Val Ala Phe or Leu
Pro Ala Gln Val Ala Phe, and the muteins thereof.

By mutelns are meant proteins which are produced

by suitable exchange, deletion or addition of amino acids

30 or peptides in the protein chain without this leading to
a large reduction in the action of the novel proteins.

Muteins can also be obtained by altering the glycoside
residue.
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More specifically, the present invention relates

to a Tumor Necrosis Factor binding protein which has a

molecular weight of about 42.000 daltons as determined by

SD5 gel electrophoresis having at the N terminus the amino

acid sequence:

Xaa Thr Pro Tyr Ala Pro Glu Pro Cly Ser Thr Cys Arg Leu Arg
Glu

where :

Xaa 1s hydrogen,

&l phenylalanine‘residue (Phe) or the amino acid sequences
Ala Phe,

Val Ala Phe,

Gln Val Ala Phe,

Ala Gln Val Ala Phe,

Pro Ala Gln Val Ala Phe ox

neu Pro Ala Gln Val Ala Phe;

and the muteins thereof produced by suitable exchange,

deletion or addition of amino acids or peptides or by

modification of the glycoside residue without the TNF-alpha
inhibiting effect of the protein being greatly diminished
thereby.

The novel proteins described herein have acidic

properties, their isoelectric point being at pH 2 to 5.

They bind very specifically to TNFa and are digestible by
trypsin with difficulty or not at all.
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The novel proteins can be isolated, for example,
from the urine of patients with fever, 1i1ie. whose body
temperature is about 38°C or above. For this purpose, the
urine 1s first concentrated, which can be effected, for
example, by reverse osmosis or ultrafiltration. The
retentate from this 1is then purified by icn exchange and
affinity chromatography.

The proteins can also be obtained from ascites
fluid from human patients with ovarian carcinomas.

The proteins can be purified by conventional
methods such as affinity or ion exchange chromatography.

The proteins obtained in this way are inhomogene-
ous in the amino acid sequence at the N terminus. Up to
7 amino acids may be absent. Inhomogeneities of this type
are not unusual with endogenous proteins and also occur,
for example, in y-interferon.

Treatment with an endoglycosidase alters the
migration behavior of the protein in SDS polyacrylamide
gel electrophoresis, and this is attributable to elimina-
tion of sugar residues.

The proteins described herein are present in
urine and ascites fluid in concentrations of from 1 to
100 ug/l. Known Ggenetic engineering methods (cf.
Maniatis, T. et al.: Molecular Cloning: A Laboratory
Manual, Cold Spring Harbor Press, N.Y., 1982) can be used
to obtain the protein in larger amounts for pharmaceuti-
cal purposes. It is necessary for this purpose initially
to identify the genetic information for the novel protein
and to isolate the corresponding nucleic acid. This
entails the pure protein being reduced with dithio-
threitol, then iodacetamide is added to derivatize the
free SH groups, and subsequently the protein which has
been treated in this way is cleaved with cyanogen bromide
and then with trypsin into small peptides. The peptides
are fractionated by reverse phase chromatography. N-
terminal sequencing of one of these purified peptides
reveals the sequence Val Phe Cys Thr Lys. The protein
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also contains the following three peptide sequences: Gly
val Tyr Thr Ser, Ile Cys Thr Cys Arg Pro Gly Tyr and Pro
Gly Thr Glu Thr Ser Asp Val Val Cys Lys Pro Cys Ala Pro
Gly Thr Phe Ser Xab Thr Thr Ser Ser Asp Ile Cys Arg Pro,
where Xab is an amino acid which has yet to be identified
and is possibly glycosylated.

The available peptide segquences now permit, by
synthesis of appropriate oligonucleotides, unambiguous
identification of the gene from the human genome or from
appropriate <c¢DNA banks by sequence-specific filter
hybridization.

The genetic information for the protein obtained
in this way can then be expressed in various host cells
such as eukaryotic cells, yeasts, Bacillus subtilis or E.
coli by conventional methods, and the protein can thus be
obtained. The protein produced in eukaryotic cells is 1n
glycosylated form.

The muteins which are derived from the novel
proteins by exchange, deletion or addition of amino acids
or peptides are preferably prepared by genetic engineer-
ing methods.

The novel proteins display good TNFa - inhibiting
actions and can therefore be used for the treatment of
diseases in which the concentration of TNFae in body
fluids is elevated, such as septic shock. They can also
be used for the following disorders: allergies, auto-
immune diseases, rheumatic disorders, shock lung, inflam-
matory bone disorders, disturbances of blood clotting,
burns and complications following transplantations.

EXAMPLE 1
Determination of the TNFa-inhibitory action

The biological activity of TNFa was determined by
lysis of the mouse cell line L929 (J. Biol. Chem. 260
(1985), 2345) and the human cell line MCF7. The con-
centration of TNFa chosen in experiments to determine the
TNFa-inhibitory action was that which lysed at least 50%
of the cells.

......
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Supernatants containing TNFae-binding proteins
were diluted in 1:2 steps in microtiter plates. 0.05 ml
of human or murine TNFa (120 pg/ml) was added to each of
these solutions (0.05 ml). Then 50,000 L929 cells 1in
0.1 ml of medium which contained 2 ug/ml actinomycin D
were added. After incubation for 20-24 h at 37°C, <the
cells were fixed and stained with crystal violet. In the
absence of TNFe-binding protein, TNFe and LT (lympho-
toxin) lysed the cells. The latter were floated off
during the staining. The protective effect of super-
natants containing TNFa-binding proteins was evident from
the staining of intact cells, which remained.

There was found to be an inhibition of the
cytotoxic action both of human TNFa and, somewhat less
strongly, of human LT, but not of murine TNFa.

EXAMPLE 2
Isolation of protein from urine

40 1 of urine collected from patients with fever
(=238°C) was filtered through a Hemoflow® F60 cartridge
(from Fresenius) until the volume of the retentate flow
had been concentrated to 2.5 1.

The retentate was then washed by 4 additions of
2.5 1 of 20 mM sodium phosphate buffer pH 4.0 and con-
tinuation of the filtration each time until the volume
had returned to the initial 2.5 1.

The protein-rich, brown retentate obtained 1in
this way was chromatographed on S-Sepharose® from
Pharmacia (column: i.d.=5 cm, 1=17 cm). The column was
equilibrated with 10 column volumes (CV) of 20 mM sodium
phosphate buffer, pH 5.5 (= buffer I), and the retentate
was then loaded on. The column was then washed with 3 CV
of buffer I, and the required product was obtained by
elution with 3 CV of a 20 mM sodium phosphate buffer, pH
6.5 (buffer II).

For further purification of this fraction, it was
loaded onto a TNF affinity column (Example 4) (i1.d. =

1.5 cm, 1=10 cm) which had been equilibrated with 10 CV
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of buffer III (20 mM sodium phosphate, 140 mM NaCl, pH
7.2). After loading, the column was washed with 3 CV of
buffer III, and the TNF-binding protein fraction was
eluted from the column with 40 ml of buffer IV, composed

of 0.58% acetic acid and 140 mM NaCl.

The pure protein was 1isolated by fractionating

the eluate from the TNF affinity column on a Mono Q HR
*

5/5 column from Pharmacia after the eluate had been

adjusted to pH 12.0 with 0.1 N NaOH.

The column was equilibrated with 11 CV of 20 mM
sodium phosphate buffer pH 12.0 (buffer V). 10 ml of the
pH-adjusted TNF affinity column eluate were loaded on,
and the column was washed with 4.4 CV of buffer V., It was
then eluted with 20 mM sodium phosphate pH 7.5.

For further removal of impurities, the Mono Q*
column was washed with 7 CV of 20 mM acetic acid buffer

which had been adjusted to pH 2.0 with 0.1 N HCl (buffer
VI).

The column was then further eluted with 5-6 CV of
20 mM acetic acid, 20 mM NH,Cl1 buffer, pH 2.0 (adjusted
with 0.1 N HCl, buffer VII). A band which was UV-active
at 280 nm and contained impurities eluted after 1-2 CV,
and the novel protein eluted after a further 1-2 CV. A
further amount of pure protein can be obtained by subse-
quent elution with 1-2 CV of a buffer VII adjusted to
100 mM NacCl.

The protein obtained in this way had a purity

>90% by gel electrophoresis. About 1 to 10 ug of protein
can be obtained from 1 1 of urine.

EXAMPLE 3

Isolation of protein from human ascites fluid.

2.5 1 of slightly cloudy, thin ascites fluid
which was obtained from a patient with ovarian carcinoma
by puncture was centrifuged at 3000 x g for 30 min. The
supernatant was adijusted to pH 7.2 with 10% strength
phosphoric acid and loaded onto a glutaraldehyde-cross-
linked TNF-Sepharose® (cf. Example 4) column (i.d.=

* Trademarks
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1.5 cm, 1 = 3 cm). The column was equilibrated with 50 ml
of buffer III and, after loading, washed with 150 ml of
buffer III. The TNF-binding proteins were eluted with
30 ml of buffer 1IV.

For further purification, the eluate was adjusted
to pH 3.0 with 10% strength HCl and loaded onto a column
(Mono S HR 5/5* from Pharmacia) equilibrated with 20 mM
acetic acid (pH 3.0). The column was then washed with
10 ml of 20 mM acetic acid (pH 3.0) and the TNF-binding
proteins were subsequently eluted with 4 ml of a buffer
composed of 6 parts of 20 mM acetic acid (pH 3.0) and
4 parts of 50 mM sodium phosphate buffer (pH 9.0). The pH
of the eluate was monitored and adjusted to pH 6.5 1if
necessary.

The eluate was loaded onto a Mono Q HR 5/5 column
equilibrated with sodium phosphate buffer pH 6.0 (buffer

VIII). After washing with 6 ml of buffer VIII and 6 ml of
20 mM acetic acid, 5 mM NaCl, pH 2.2, the proteln was
eluted with 6 ml of 20 mM acetic acid, 150 mM NaCl, pH
2.0 (buffer IX).

Characterization of the final eluate revealed
that, apart from the inhomogeneity of the N-terminal
sequence, the protein was the same as that obtained 1in
Example 2.

EXAMPLE 4
Preparation of the TNF affinity column
a) Coupling of TNF to BrCN-Sepharose

7.5 g of BrCN-Sepharose® (from Pharmacia) were
suspended in 30 ml of water. After swelling for 30 min,
the BrCN-Sepharose® gel suspension was washed first with
500 ml of 1 mM HCl solution and then with 0.1 M NaHCO,,
0.5 M NaCl, pH 8.3.

136 mg of TNF dissolved in 41 ml of buffer (0.1
M NaHCO,, 0.5 M NaCl, pH 8.3) were added to this gel

suspension. The reaction mixture was shaken at room
temperature for 2 h, and the 'I‘NF---Sczzphanr:ose® was removed

by centrifugation at 3000 rpm. The gel material was

* Trademarks
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washed with 40 ml of buffer.

The coupling vield calculated from determination
of the protein in the supernatants was >90%.

To block the remaining active groups on the BrCN-
Sepharose®, the gel suspension was mixed with 40 ml of
buffer (0.1 M NaHCO,, (.5 M NaCl, 1 M ethanolamine, PpH
8.3) and shaken at room temperature for 1 h, and the
ethanolamine was then washed out with 3 x 40 ml of buffer
(0.1 M NaHCO,, 0.5 M NaCl, pH 8.3).

b) Crosslinking of the TNF-—Sepharose® with glutaraldehyde

20 ml of TNF-Sepharose® gel suspension prepared
as in a) were washed twice with 25 ml of buffer (20 mM
sodium phosphate, 140 mM NaCl, pH 8.0). The suspension
was taken up in 40 ml of the same buffer, and 1.6 ml of
25% strength glutaraldehyde solution were added. The
suspension was shaken at room temperature for 1 h and
then centrifuged, and 25 ml of buffer (20 mM sodium
phosphate, 140 mM NaCl, 1 M ethanolamine, pH 8.0) were
added. The TNF-Sepharose® suspension was shaken for a
further 1 h and then packed into a chromatography column
(1.d.=1.5 cm, 1=10 cm).

The column was washed with 100 ml of buffer
(20 mM sodium phosphate, 140 mM NaCl, pH 7.2) and 50 ml
of 0.58% acetic acid + 140 mM NaCl and was then ready for
affinity chromatography.

EXAMPLE 5
Characterization of the protein
a) Molecular weight and purity

To determine the molecular weight and the purity,
2 ug of the protein obtained as in Example 2 or 3 were
subjected to 15% SDS polyacrylamide gel electrophoresis
under reducing and non-reducing conditions (Nature 227
(1970), 680). In both methods, the novel protein was
revealed after staining with Coomassie blue as a homogen-
eous band with a molecular weight of about 42,000 daltons
by comparison with a series of known calibration pro-
teins.
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No other bands were detectable. The purity of the
protein can thus be stated to be =290%.

The protein is evident as a distinct blue-violet
band.

b) N-terminal sequencing
10 ug (=250 pmol) of the protein obtained in
Example 2 underwent N-terminal sequencing in a gas-phase

sequencer several times.

The occurrence of related additional sequences in
the N-terminal sequence analysis indicates the inhomogen-
eity of the N-terminal amino acid sequence. The main
sequences found were as follows:

Sequence la
Phe Thr Pro Tyr Ala Pro Glu Pro Gly Ser Thr Cys Arg Leu
Arg Glu

Also found in the gas-phase sequencing were a
Sequence 2a
Leu Pro Ala Gln Val Ala Phe Thr Pro Tyr Ala Pro Glu Pro
Gly Ser Thr Cys Arg Leu Arg Glu
with an N-terminal extension of 6 amino acids and a
Sequence 3a

Thr Pro Tyr Ala Pro Glu Pro Gly Ser Thr Cys Arg Leu Arg
Glu

shortened by 1 N-terminal amino acid.

The main sequences found in a similar manner 1in
the protein of Example 3 were as follows:
Sequence 1b
I.eu Pro Ala Gln Val Ala Phe Thr Pro Tyr Ala Pro Glu Pro
Gly Ser Thr Cys Arg Leu Arxrg Glu (about 10%)
Sequence 2b
Pro Ala Gln Val Ala Phe Thr Pro Tyr Ala Pro Glu Pro Gly
Ser Thr Cys Arg Leu Arg Glu (about 45%)
Sequence 3b
Ala Gln Val Ala Phe Thr Pro Tyr Ala Pro Glu Pro Gly Ser
Thr Cys Arg Leu Arg Glu (about 45%)
d) Trypsin treatment

20 ug of the novel proteins were treated at pH
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8.5 as follows:

1. Addition of 0.5 ug of trypsin dissolved in 0.1 M
NaHCO, buffer pH 8.5; incubation at 37°C for 16 h
2. Addition of 0.5 ug of trypsin dissolved in 0.1% SDS/

0.1 M NaHCO, buffer pH 8.5; solution adjusted to 0.1%
SDS;: incubation at 37°C for 16 h.

The proteins treated in this way were compared
with the initial protein in a 15% SDS polyacrylamide gel
electrophoresis. No protein degradation was detectable.

EXAMPLE 6
Deglycosylation

0.1 ml of the Mono Q eluate obtained in Example
2 (= 0.1 mg/ml protein) was adjusted to pH 7.2 with 1 M
NaOH. 10 units of glycopeptidase F* (from Boehringer
Mannheim) were then added. After incubation at 37°C for
6 h, a further 10 units of enzyme were added. After
reaction for a further 16 h, 50 ul of the mixture were
freeze-dried and compared with untreated protein in a 15%
SDS gel. The enzyme-treated protein showed a molecular
welight about 3 kD less than that of the untreated sample.
A further 25 x4l of the mixture were tested for TNFa-
inhibiting action as described in Example 1. The TNFa-
inhibiting action was fully retained even after elimina-

tion of the sugar portion.
EXAMPLE 7

Antibody production

The proteins isolated in Examples 2 and 3 were
injected into rabbits for the production of polyclonal
antibodies. The reactivity and specificity of the anti-
bodies were examined in an ELISA. This entailed ELISA’
plates (from Costar) being coated with a solution of 1 g
of inhibitor or control protein per ml of 0.05 M sodium
carbonate buffer, pH 9.6, treated with 1% BSA/PBS to
saturate non-specific binding and incubated with various
serum dilutions. The bound antibodies were detected using
biotinylated anti-rabbit IgG and streptavidin-peroxidase,

plus TMB substrate. 3 washes with 0.05%®Tween 20/PBS were
* Trademarks
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carried out between each incubation. Addition of 2 M H,SO,
was followed by determination of the optical density at
450 nm.
EXAMPLE 8

Detection of protein in body fluids

TNFa-binding proteins were detected in wvarious
body fluids using a sandwich ELISA. ELISA plates (from
Costar) were coated with TNF (5 ug/ml of 0.05 M sodium
carbonate buffer, pH 9.6). Saturation with 1% BSA/PBS was
followed by incubation with the test samples, eqg. synov-
ial fluids from rheumatic patients. The anti-inhibitor
antibodies described in Example 7 and biotinylated anti-
rabbit IgG/streptavidin-peroxidase/TMB substrate were
used for detection. 3 washes with 0.05%®Tween 20/PBS were
carried out between each incubation. The extinction at
450 nm was determined after addition of 2 M H,SO,.
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11
WHAT IS CLAIMED 1IS:
1. A Tumor Necrosis Factor binding protein

gr—
p—

which has a molecular weight of about 42.000 daltons as

determined by SDS gel electrophoresis having at the N
terminus the amino acid sequence:

Xaa Thr Pro Tyr Ala Pro Glu Pro Gly Ser Thr Cys Arg Leu Arg

Glu
where:

Xaa 1s hydrogen,

a phenvylalanine residue (Phe) or the amino acid

sequences

Ala Phe,

Val Ala Phe,

Gln Val Ala Phe,

Ala Gln Val Ala Phe,

Pro Ala Gln Val Ala Phe or

Leu Pro Ala Gln Val Ala Phe;
and the muteins thereof produced by suitable exchange,
deletion or addition of amino acids or peptides or by
modification of the glycoside residue without the TNF-alpha
inhibiting effect of the protein beling greatly diminished

thereby.

2. A protein as c¢laimed 1n claim 1, 1n

deglycosylated form.

.
ey

3. Use of a protein as claimed in claimg 1 or 2

for producing drugs for treating diseases 1n which the

F

concentration of TNF alpha 1in body fluids is elevated.
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12
4 The use as claimed 1in claim 3, wherein the
disease 1s an allergy, autoimmune disease, Trheumatlic

disease, shock lung, intlammatory bone disease, disturbance

of blood clotting or complication after transplantations.
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