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Claim

1. Monoclonal antibodies against human TNF-BP I
entitled tbp-1, tbp-2 and. tbp-6, or active fragments
thereof which are secreted by the hybridoma cell lines
TBP-1, TBP-2 and TBP-6, respectively, said cell lines
being deposited at the ECACC under deposit numbers
91060555 (TBP-1), 91060556 (TBP-2) and 91112811 (TBE-6),
respectiyely. . :

2. Process for determining TNF-BP I in a sample,
characterised in that the gample is brought into’ contact
with tbp-1 and/or with tbﬁ-z and the formation of a
binary or ternary complex‘between the TNF-BP I contained
in the sample and the antibody or antibodies is
determined. '
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19. Sandwich immunoassay kit for carrying out the
process according to one of ¢laims 3 to 18,
characterised in that it contains tbp-1 in one container
and tbp-2 in another container, one of the two
antibodies optionally being bound to a solid carrier,
whilst the other antibody has a measurable label and,
optionally, tbhp-1 or tbp-2 is replaced by another
antibcdy which has the ability to form an
antibody/antigen/antibody complex with tbp-2 or tbp-1.
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(54) Title: MONOCLONAL A:I:TIBODIES AGAINST HUMAN TNF-BINDING PROTEIN I (TNF-B? I)
(54) Bezeichnung: MONOKLONALE ANTIKORPER GEGEN DAS HUMANE TNF-BINDENDE PROTEIN I (TNF-BP I)
(57) Abstract

The invention concerns monoclonal antibodies, desiguated tbp-1, tbp-2 and tbp-6, against the extracellular part of the hu-
man 60 kD TN tumour necrosis factor receptor (TNF-BP I). These antibodies are suitable for use in highly sensitive immuno-as-
says for demonstrating the presence of TNF-BP I in body fluids, including urine; and in cell-culture residues. The determination
of the TNF-BP I concentration as the basis for a diagnosis of pathological conditions associated with activation of the TNF re-
ceptor system is thus particularly useful if the «-TNF concentration in the organism falls more rapidly than the TNF-BP I con-
centration. In addition, tbp-1 and tbp-6 can be used to strengthen the protective action of TNF-BP I against a-TNF and/or B-
TNF. '

(57) Zusammenfassung .

Monoklonale Antikérper gegen den extrazelluldren Teil des humanen 60 kD TNF-Rezeptors (TNF-BP I) der Bezeichnung
tbp-1, tbp-2 und tbp-6 sind zur Verwendung in hochempfindlichen Immunoassays zum Nachweis von TNF-BP I in Kii:perfliis-
sigkeiten einschlieBlich Harn sowie in Zellkulturiiberstinden geeignet. Die Bestimmung der TNF BP I-Konzentratio;: 2ks €irund-
lage fiir die Diagnose von pathologischen Zusténden, die mit einer Ak ivierung des TNF-Rezeptorsystems verbunden sind, ist be-
sonders dann von Vorteil, wenn die TNF-«-Konzentration im Organismus rascher absinkt als die TNF-BP 1-Konzentration.
tbp-1 und tbp-6 kénnen auBerdem verweridet werden, um die Schutzwirkung von TNF-BP I gegen TNF-o und/oder TNF-B zu
verstirken.
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Monoclonal antibodies against the human TNF-binding
protein I (TNF-BP I)

The present invention relates to monoclonal antibodies
against the TNF-binding protein I (TNF-BP I) and to
hybridoma cell lines which secrete them.

The two structurally related cytokines tumour necrosis
factor (TNF-a) and lymphotoxin (TNF-B) were originally
discovered as a result of their cytdtoxic in vitro
activity against tumour cells and their ability to
induce haemorrhagic necroses of tumours in a mouse
model. The cloning of their cDNAs and their expression
in E.coli have made these proteins available in
virtually'unlimited quantities and have made it possible
to develop highly specific antibodies and sensitive
immunoassays. There is a wealth of information on the
biological activities of these proteins, their
physiological roles as pleotropic mediators of
inflammatory processes and their participation in
pathological conditions. In particular, an increased
production of TNF-a has been linked with the
pathogenesis of, for example, septic shock, tissue
damage in the "Graft-versus-host" disease and cerebral
malaria and cachexia (Beutler, 1988; Paul and Ruddle,
1988; Beutler and Cerami, 1989).

The possible undesirable effects of TNF-a have led to a
search for natural inhibitors of this cytokine. A
protein which binds to TNF-a and thereby inhibits the
activity thereof was originally identified in the urine
of patients with kidney failure (Peetre ét al., 1988)
and fever patients (Seckinger et al., 1988). This
protein with an apparent molecular weight of abkout

30 kDa was purified in order to homogenlse it, partlally
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sequenced (EP-A2 308 378) and the cDNA was cloned
(Olsson et al., 1989; Engelmann et al., 1989; Himmler et
al., 1990; Schall et al., 1990). The structure of the
cDNA showed that this protein, designated TNF-BP, is the
extracellular fragment of a TNF receptor (TNF-R). (It
was assumed that this fragment is released by
proteolytic cleaving.) These results were confirmed by
isolation of the intact membrane receptor for TNF-a,
which was carried out independently by other working
groups (Loetscher et al., 1990). The entire receptor
protein consists of 455 amino acids (55 - 60 kDa);
TNF-BP makes up the majority of the extracellular domain
of the receptor and contains all three N-glycosylation
sites. It was found that TNF-BP isolated from urine is
heterogeneous at the N-terminus as a result of
proteolytic cleaving and is therefore a mixture of two
molecular forms éonsisting of 161 amino acids (main
fraction) or 172 amino acids (Himmler et al., 1990).
Recently, the existence of a second TNF-binding protein
was demonstrated, which is a fragment of a second TNF
receptor type having a higher molecular weight

(75 - 80 kDa; Engelmann et al., 1990a; Smith et al.,
1990; Kohno et al., 1990). The two receptors and
binding proteins were then designated TNF-R I/TNF-BP I
and TNF-R II/TNF-BP II (for the 60 kDa and 80 kDa
receptors, respectively). Sequence compariscn showed
that the two proteins are structurally related; in
particular, the number and distribution of the cysteine
groups is very similar. However, the two receptors
differ from each other immunologically (Engelmann et
al., 1990a; Brockhaus et al., 1990).

The human 60 kDa TNF-receptor plays an essential part in
TNF-a-signal transmission. The activity of the reveptor
is subjected to several regulatory effects on a protein
basis: the treatment of cells with phorbol esters or

other activators of protein kinase C results in a rapid
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decrease in the number of cellular binding sites for
TNF-a. This is:linked with the release of the
extracellular part of the receptor, corresponding to
TNF-BP I, by proteolytic cleaving. 3Similar effects,
albeit with different kinetics, are caused by various
other substances, particularly by the physiological
iigands TNF-a and TNF-B8. The cleavage sites for the
protease on human and rat TNF-R I are conserved; they
differ in structure from the specificity of all known
proteases. It is therefore probable that a highly
specific proteolytic enzyme is part of a regulating
circuit which controls the sensitivity of cells to TNFs;
the exact mechanism of these events is not yet known.
Recently this phenomenon has also been observed in vivo:
it was found that the administration of TNF-a to cancer
patients resulted in a significant increase of TNF-BP I
in the serum (Lantz et al., 1990a).

The concentration of TNF-BP I in culture residues or
body fluids is therefore an indicator of the activation

of the TNF receptor system in vitro or in vivo as a

result of interactions with the ligands or
transmodulation by other mediators; the TNF-BP I
concentration in body fluids can thus be regarded as a

useful marker for various diseases.

There was therefore a need for efficient and sensitive
methods of detecting TNF-BP I and for kits which car be

used for such detection methods.

Monoclonal antibodies against TNF-R 1 liave been
described which were prepared by immunising with the
solubilised receptor (Brockhaus et al., 1990;

EP A2 334 165; Thoma et al., 1990) or with purified
TNF-BP I (Engelmann et al., 1990b); however, it was not
shown that the antibodies are suitable for use in
immunoassays for TNF-BP I.
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Lantz et al. (1990a) have developed a competitive ELISA
in which, in a three-step test method, test plates
coated with TNF-BP I, polyclonal rabbit antibodies
against TNF-BP I, biotin-labelled goat antibodies
against rabbit immunoglobulin and avidin-coupled
alkaline phosphatase were used. By means of this assay,
the presence of TNF-BP I in serum from normal donors was
detected and increased concentrations of TNF-BP I were
detected in sera from patients suffering from kidney
failure or cancer patients who had been treated with
TNF-«.

EP Al 412 486 describes monoclonal antibodies against
TNF-BP I. One of these antibodies was used in a
sandwich ELISA as a coating antibody: polyclonal rabbit
anti-TNF-BP I antibody was used as the second antibody
and polyclonal goat anti-rabbit antibody was used as the
third, enzyme-coupled antibody.

The known assays are complicated in their structure and
procedure required and moreover the use of polyclonal
antibodies involves the use of animals, which is
something which is increasingly to be avoided.

The aim of the present invention was to prepare
monoclonal antibodies with specificity for human
TNF-BP I, which are suitable for use in a simple and
highly sensitive immunoassay for detecting TNF-BP I.

The present invention relates to monoclonal antibodies
against human TNF-BP I entitled tbp-1. tbp-2 and tbp-6,
active fragments thereof and the hybridoma cell lines
TBP-1, TBP-2 and TBP-6 which produce these antibodies.
The hybridoma cell lines designated TBP-1 and TBP-2 were
deposited on 5th June 1991, and the cell line designated

TBP-6 was deposited on 28th November 1991 at the
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European Collecticn of Animal Cell Cultures (ECACC;
Salisbury, United Kingdom) in accordance with the
Budapest Agreement on the depositing of microorganisms
for patent purposes (TBP-1: deposit number 91060555,
TBP-2: deposit numker 91060556, TPB-6: deposit number
91112811).

The hybridoma cell lines according ° . che invention were
obtained by immunising mice with TNF-BP I highly
purified from human urine (Olsson et al., 1989) using
methods known per se and spleen cells from mice with a
positive antibody reaction were used for fusing with
myeloma cells in order to obtain hybridoma cells which
secrete monoclonal antibodies against TNF-BP I. The
first cell fusion yielded two culturas which produce
monoclonal antibodies against TNF-BP I; a second cell
fusion yielded a third antibody-producing culture. The
antibodies obtained were designated tbp-1, tbp-2 and
tbp-6. The antibodies were purified and characterised:
tbp-1 and tbp-6 are IgGl-antibodies whilst tbp-2 is an
IgG2b-antibody. All three antibodies were capable of
recognising TNF-BP I in Western blots, tbp-1 showing the
strongest reactivity. +tbp-2 reacted more weakly whilst
tbp-6 yielded the faintest colouring. In order tc
characterise the epitopes which are vrecognised by the
antibodies, the three antibodies and a fourth antibody
designated H398, obtained by immunisation with
solubilised TNF-receptor (Thoma et al., 1990) were
investigated. The antibodies investigated recognise
three different epitopes on the TNF-BP I molecule, tbp-2
and H398 recognising the same or overlapping epitopes.
The sandwich ELISAs carried out in the presence of TNF-c
in various arrangements with the antibodies lead one to
conclude that the epitopes recognised by H398 and tbp-2
are involved in the binding of TNF-c¢, whilst those
recognised by tbp-1 and tbp-G are not connected to the
ligand binding site. It was found, surprisingly, that

- = -
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some monoclonal antibodies against TNF-BP I are not only
capable of binding TNF-BP I in the presence of excess
TNF-a, but moreover significantly increase the
protective effect of TNF-BP I against the cytoktoxic
activity of TNF-a and TNF-8. This effect was observed
with the two antibodies tbp-1 ard tbp-6. (These two
antibodies belong to the group of antibodies against
TNF-BP I, which do not compete with TNF-a and TNF-F for
the binding of TNF-BP I. By contrast, the antibodies
tbp-2 and H398, which compete with TNF-a for binding to
TNF-BP I, block the activity of TNF-BP I).

According to another aspect, the present invention
relates to the use of tbp-1 and/or tbp-2 for detecting

TNF-BP I in body fluids or cell culture residues by
immunoassay.

(The terms tbp-1 and tbp-2, in connection with tihie use
of these antibodies, also includes hereinafter the
active fragments thereof which bind to TNF-BP I.
Experts in the relevant field will be familiar with
methods of preparing active antibody fragments (Fab-
fragments), e.g. by means of enzyme digestion.)

The present invention also relates to the use of tbp-1
and tbp-6 for detecting TNF-BP I in body fluids or cell
culture residues by means of immunoassay. The antibody
combination tbp-1/tbp-6 is particularly suitable for use
in samples in which there are very high concentrations

of TNF-a and/or TNF-B, which disrupt the measurement of
TNF-BP I in other test systems.

The immunoassays which can be used within the scope of
the present invention are based on standard methods with
which experts in the field will be familiar and of which
there are a large number available. These methods are

based on the formation of a complex between the

e .
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antigenic substance to be measured and one or more
antibodies. One or more of the complex partners is
labelled so that the antigen can be detected and/or
quantitatively measured. Labelling may take the form,
for example, of a coupled enzyme, radioisotope, metal
chelate or & fluorescent, chemiluminescent or

bioluminescent substance.

In the case of a competitive immunoassay, the antigen in
the sample to be analys::d competes with a known quantity
of labelled antigen for binding to the antibody binding
sites:. The quantity =»f labelled antigen bound to the
antibody is therefore inversely proportional to the
quantity of antigen in the sample.

In tests using labelled antibodies, the quantity of
labelled bound antibody is directly proportional to the
quantity of antigen.

Assays based on the formation of an
antibody/antigen/antibody complex, using two antibodies
which do not prevent each other from binding tc the
antigern, are known as "sandwich" immunoassays.

Since monoclonal antibodies are available in unlinited
amounts with a constant quality, immunoassays using
monoclonal antibodies have crucial advantages, thanks to
their constant quality and reproducibility, over assays
which use polyclonal antibodies. Morever, they avoid
the disadvantage connected with polyclonal antibodies,
namely that animals have to be used constantly in order
to produce thenmn.

Preferably, the monoclonal antibodies according to-the
invention are used in a sandwich immunoassay,
particularly a sandwich ELISA.

SRttt WAt et
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The monoclonal antibodies according to the invention can
be used in sandwich immhnoassays as coating- and
labelling-coupled antibodies and thus make it

unnecessary to use polyclonal antibodies.

According to another aspect the present invention
relates to immunoassay kits, particularly sandwich

immunoassay kits containing tbp-1 and/or tbp-2.

A preferred embodiment of the present invention is a
sandwich immunoassay kit, preferably a sandwich ELISA
kit, in which tbp-1 is the coating antibodly and tbp-2 is
the labelled, preferably enzyme-éoupled antibody. ‘

It is possible within the scope of the present
invention, in a sandwich immunoassay, to replace tbp-1
or tbp-2 with another antibody whkich is capable of
forming an antibody/antigen/antibody complex with tbp-2
or tbp-1.

If tbp-1 or tbp-2 is replaced by another antibody, it is

preferable to use an antibody which recognises the same
epitope of TNF-BP I or part thereof as the tbp-1l or
tbp-2 which is to be replaced.

Sandwich immunoassays'can be used to determine which
antibodies are suitable as a replacement for tbp-1 or
tbp-2 in the immunoassay on the basis of their ability
to form an antibody/antigen/antibody complex with tbp-2
or tbp-1. Immunoassay plates are coated with tbp-1 or
tbp-2, the antigen added and the labelled antibodies to
be investigated applied. Antibodies which are capable
of forming an antibody/antigen/antibody complex with
tbp-1 or tbp-2, which can be determined by measuring the
labelling of the test antibody, recognise a different
epitope on the antigen from tbp-1 or tbp-2. Antibodies
which are not capable of forming a sandwich with tbp-1
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or tbp-2 show the same or an overlapping epitope

recoginition as these antibodies.

If one of the antibodies tbp-1 or tbp-2 is replaced in
the sandwich immunoassay, preferably the labelling-
coupled antibody tbp-z is replaced by an antibody which
has the same or overlapping epitope specificity as
tbp-2. An example of a suitable antibody is the
monoclonal antibody H398 described by Thoma et al.
(1990), which has been shown, within the scope of the
present invention, to bind to an identical or
overlapping epitope.

With the help of a sandwich ELISA according to the
invention obased on tbp-l1/tbp-2, it has been possible to
detect TNF-BP I in human serum, plasma, urine and cell
culture residues with a sensitivity of about 200 ng/1
and an accuracy of more than 10%.

£t has been found, surprisingly, that the natural
ligands for the TNF-receptor, TNF-a and TNF-B8, dco not
affect the predictive qualitiss of the immunoassay
according to the invention in which tbp-1 and tbp-2 are
used: TNF-S has no measurable influence on the assay
whilst TNF-a only causes a measurablz change to the
signal at concentrations of 210 ug/l. Since the TNF-a
concentrations in healthy people are normally <20 ng/l
and, even in serious pathological conditions, the TNF-a
concentrations only rarely exceed 1 ug/l ‘(e.q.
Lahdevirta et al., 1988; Offner et a.., 1990),
falsification of the immunoassay according to the
invention by endogenous TN¥-a secreted under natural
conditions can be ruled out.

In view of its sensitivity, an immunoassay based on the
monoclonal antibodies tbp~1/tbp-2 is also capab.e of
detecting concentrations of TNF-BP I which deviate
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downwards from the normal levels. Thus, functional
disorders of the body which are accompanied by a reduced

production of TNF-BP I can be detected diagnostically.

In addition to' detecting TNF-BP I in serum, plasma and
urine and in cell culture residues, the monoclonal
antibodies tbp-1 and tbp-2 can also be used for
detecting TNF-BP I in other body fluids, e.g. in

cerebrospinal fluid or in bronchoalveolar secretions.

In the experiments carried out within the scope of the
present invention it was found, surprisingly, that the
sigrial obtained in a sandwich ELISA with a combination
of tbp-1 and tbp-6 was not even affected by extremely
high TNF-a or TNF-8 concentrations in the region of
10 mg/1l.

The antibody combination tbp-1/tbp-6 is preferably used
in a sandwich immunoassay, especially in a sandwich
ELISA, whilst tbp-1 and tbp-6 may both be used as a
coating antibody and as a labelled antibody.

Examples of the use of the pair of antibodies
tbp-1/tbp-6 for detecting TNF-BP I include samples from
in vitro experiments in which cells such as leukocytes
are stimulated with 'ipopolysaccharides, or serum
sanmples from experimental animals treated with large
quantities cf lipopolysaccharides or bacteria. Under
these conditiocns, TNF-a is secreted in extremely large
amounts.

Thus, with the aid of the present invention, a highly
sensitive method of detecting TNF-BP I is provided, by
means of which it is possible to determine the =
activation of the TNF receptor by its physiological
ligands TNF-a and TNF-8 and its transmodulation by other

mediators in various pathological conditions or in in
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vitro models. The detection of TNF-BP I in body fluids
is thus particularly useful for diagnosing pathological
conditions which are accompanied by an increased TNF-«

production, or for confirming such diagnoses.

One advantage of TNF-BP I determination, as compared
with TNF-a determination, is the fact that normal levels
of TNF-BP I are found in the serum, thus making it
possible to detect even slightly raised levels and

thereby reach a diagnosis.

In spite of the clear correlation between the induction
of TNF-a and the occurrence of sgepticaemic and
endotoxaemic reactions in animals, the measurement of
TNF-a in patients suffering from severe gram-negative
infections has produced conflicting results. This would
appear to be connected with the mechanisms which control
the synthesis and secretion of TNF-a. When activated by
a suitable stimulus, TNF-a is rapidly secreted by
macrophages, after which the macrophages should be
resistant to further stimulation. Moreover, the half-
life in the plasma is short, being only 15 to 17 minutes
in humans. These phenomena would appear to be the
reason why the appearance of TNF-a in the blood system
is rapid and short-lived and therefore difficult to
detect (Michie et al., 1988). Therefore, if blood is
not taken from the patient at the right time, it 1is
possible that the increase in the TNF-a concentration
will not be detectable at the moment of analysis. Lantz
et al. (1990a) have established that, after infusion
with TNF-«, the TNF-BP I level in the serum drops much
more slowly than the serum TNF level. This finding
indicates that the measurement of TNF-BP I
concentrations as a basis for diagnosis is particularly
advantageous if one is setting out to diagnose
pathological conditions connected to activation of the

TNF-receptor system, particularly by TNF-«, and wherein

TS



the TNF-a level falls more rapidly by comparison with
the TNF-BP I level.

Examples of diseases which can be diagnosed with the aid
of the measurement of TNF-BP I include gram-negative or
general bacterial infections, septic shock, tissue
damage in "Graft-versus-host" disease and cerebral

malaria as well as cachexia.

The immunoassays according to the invention are
particularly beneficial in diagnosing septic shock,
which is a life threatening disease if treatment is not
carried out promptly.

With the aid of an immunoassay &according to the
invention based on the monoclonal antibodies tbp-1 and
tbp-2, TNF-BP I could be detected in the serum of normal
donors at an average concentration of about 2 pg/l.
Raised levels were detected in the serum of patients
suffering severe burns; very high levels were detected
in dialysis patients, whereas the sera of patients with
chronic polyarthritis showed no increased TNF-BP I
concentrations.

The immunoassays according to the invention also
provide, for the first time, a simple immunological
method of detecting TNF-BP I in the urine; in urine
samples from normal donors, an average TNF-BP I

concentration of about 2 pg/l was detected.

The immunoassays according to the invention can thus be
used to diagnose pathological conditions in which there
is a correlation between raised TNF-BP I concentrations
in the urine and in the serum, as was found in cases of
kidney failure, by determining the concentration of

TNF-BP I in the urine. This method has the advantage of
requiring no blood sample and of being able to provide a
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diagnosis on the basis of urine analysis, which is

considerably more pleasant for the patient.

The term "diagnosis'", for which the immunoassays
according to the invention can be used, also covers the
monitoring of the course of a disease which is connected
with activation of the TNF-receptor system, or the
course of therapy for treating such a disease, e.g.
treatment with antibodies against TNF-a. The use of the
immunoassay according to the invention is also
convenient for monitoring the progress of therapies in
which TNF-a or TNF-B are administered. In the course of
these diagnostic applications, a sample of body fluid is
generally taken from the patient at regular intervals
and examined for its content of TNF-BP I.

Monoclonal antibodies against TNF-BP I, which do not
compete with TNF-a and/or TNF-f for binding to TNF-BP I
and which increase the protective effect of TNF-BP I,
may be used according to the invention to reinforce the
effect of TNF-BP I within the scope of the treatment of
diseases in which TNF-a and/or TNF-8 has a damaging
effect. (It has been found that the protective effect
of TNF-BP I against TNF-o is relatively weak (Lantz et
al., 1990b, Loetscher et al., 1991)).

In order to make use of the reinforcement of the
protective effect of these antibodies both for
endogenous TNF-BP I and also for exogenous TNF-BP I,
administered therapeutically, the antibodies may be used
per se or combined with TNF-BP I in suitable

preparations as a therapeutic agent.

Examples of antibodies of this kind which enhance <he
protective effect of TNF-BP I against TNF-a and TNF-8
include tbp-1 and tbp-6. The suitability of other
antibodies against TNF-BP I for this purpose can be
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established by testing the antibodies for their effect

on TNF-BP I in biocassays. The dosage of monoclonal

antibodies is adjusted according to the dose of TNF-BP I

and is appropriately in the range from equimolar to an

approximately 100-times molar excess, based on the
amount of TNF-BP I. ‘

Another field of application of the present invention is

the use of the monoclonal antibodies tbp-1, tbp-2 and

tbp-6 in immobilised form for purifying TNF-BP I by

affinity chromatography.

In addition, the monoclonal antibodies according to the

invention, especially tbp-1, can be used for detecting
TNF-BP I in immunoblots.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

1:

Summary of Figures

ELISAs for TNF-BP I using monoclonal
antibodies '

Representative calibration curves for TNF-BP I

ELISAs of serum and urine samples

Effect of TNF-a on the immune reactivity of
TNF-BP I

TNF-BP I concentrations in human serum and

urine

Effect of TNF-a on detecting TNF-BP I in
sandwich ELISAs

Effect of monoclonal antibodies on the
protective effect of TNF-BP I in cytotoxic

bioassay
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The invention is further illustrated by the following
Examples:

Example 1

Preparation of monoclonal antibodies with specificity
for human TNF-BP I

a) Immunisation

3 female BABL/c mice about 6 weeks old were immunised
with TNF-BP I, purified to homogeneity, according to the
method described in EP A2 393 438, in accordance with
the following plan:

1st immunisation: 9 ug of TNF-BP I per mouse in
complete Freund's adjuvant by
intraperitoneal route

2nd immunisation: 9 pug of TNF-BP I per mouse in
incomplete Freund's adjuvant, by
intraperitoneal route, 3 weeks after
the 1st immunisation

3rd immunisation: 9 pg of TNF-BP I per mouse in
incomplete Freund's adjuvant, by
intraperitoneal route, 5 weeks after
the 2nd immunisation.

8 days later, serum samples were taken from the mice and
investigated by sandwich ELISA for the formation of
antibodies against TNF-BP I. 1In order to do this,
TNF-BP I was bound to test plates coated with rabbit
antibodies against TNF-BP I and specific antibodies were
detected with peroxidase-coupled rabbit antibodies 1
against mouse immunoglobulin. The test sera were - .
applied in dilutions of 1:10%, 1:10%, 1:10% and 1:10°.
All three mice exhibited positive reactions (absorption
more than twice the background) at dilutions up to 10°.
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The mouse with the highest titre was given a booster,
about 8 weeks after the 3rd immunisation, on three
successive days, with 4 ug of TNF-BP I in PBS; the
spleen cells of this mouse were used the next day for
fusion with hybridoma cells. A second immunisation was
carried out in a similar manner, except that the mouse
used was additionally given a fourth dose of TNF-BP I
(15 pug) 8 months after the 3rd immunisation and was
given a booster 7 weeks later.

b) Fusion:

The spleen of the mouse was removed under sterile
conditions one day after the last injection,
mechanically chopped up and washed wi.th serum-free
culture medium (RPMI 1640). About 10% spleen cells were
fused using the method of Kéhler and Milstein (1975) in
the presence of PEG 4000 (Merck, 40% in serum free
culture medium) with about 5x107 P3X63Ag8.653 BALB/c-
myeloma cells (Kearney et al., 1979). The cells were
then suspended in HAT-selection medium (RPMI 1640 -
completed with 100 U/ml of sodium penicillin G, 50 U/ml
of streptomycin and 20% FCS - with 10°* M hypoxanthine,
4x10°7 M aminopterin and 1.6x10°° M thymidine) and
distributed into 16 96-~well microtitre plates containing
peritoneal mouse cells as the "Feeder Layer". After 11
days, supernatants were removed and tested for antibody
production. Of the 1500 cultures which were grown in
selective medium, more than 90% showed growth of
hybridomas.

c) Screening of hybridoma culture residues

Unless otherwise specified, the following buffers were
used for all ELISA experiments:

Coating buffer: 0.05 M sodium carboitate pH 9.6
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Washing medium: phosphate-buffered saline solution pH
7.4 {PBS) containing Tween 20 in an amount of 0.5 g/l
Test buffer: PBS with bovine serum albumin (5 g/1} and
Tween 20 (0.5 g/1) :

Substrate solution: tetramethylbenzidine dihydrochloride
(0.1 g/1) and sodium perborate (0.05 g/l) in 0.05 M
potassium citrate pH 5.0

Stopping solution: 2 M sulphuric acid

96-well immunoassay plates were coatasd with rabbit
antibodies against TNF-BP I, partially purified by
ammonium sulphate precipitation (50% saturation), in
coating buffer at a concentration corresponding to a
1:3000 serum dilution (50 pl/well, incubation overnight
at 4°C or for one hour at 37°C). The plates were washed
once and blocked with test buffer at ambient temperature
for one hour. Then hybridoma residues (50 pl) were
added together with the antigen (50 pl, 10 pg TNF-BP I/1
in test buffer) and the dishes were incubated for 2
hours at ambient temperature. They were washed once, a
solution of peroxidase-coupled rabbit antibodies against
mouse immunoglobulins (DAKO, Denmark, 1:5000 dilution in
test buffer, 50 pl/well) was added and the plates were
incubated for 2 hours at ambient temperature. They were
then washed 3 times and 200 gl of substrate solution
were added to each well. After 20 to 40 minutes the
reaction was stopped by the addition of 50 ul of
stopping solution. The absorption of the solution was
measured in an ELISA reader at a wavelength of 450 nm
(reference: 690 nm), using culture medium as the
negative control and dilute mouse immune serum as
positive control. oOnly two of the cultures investigated
from the first immunisation showed any antibody
production (TBP-1 and TBP-2); the second fusion yielded
a third antibody-positive cell line (TBP~6). The
positive cultures were trarsferred after about 25 days
from HAT-medium into HT-medium and after a further 10

———e.



days they were transferred to normal culture medium
(RPMI 1640 complete, 1% antibiotics, 10% L-glutamine,
10% FCS).

d) Cloning of the hybridomasf

The positive cultures were cloned by the limiting
dilution method. Dilution was carried out so that

100 ul of culture medium contained 1 cell, after which
the wells in a 96-well dish were filled with this volume
(a tc:al of 3 dishes were prepared, in which each well
was charged with 100 pl of mouse peritoneal macrophage
suspension on the previous day). The culture residues
were tested by ELISA as described above; positive clones

from each culture were pooled, expanded and frozen.
e) Production of monoclonal antibodies

In order to produce antibodies in vivo, about 107 cells
were taken from eachn hybridoma culture and injected
intraperitoneally into BALB/c mice which had been
treated 2 or 3 days previously with 0.5 ml of incomplete
Freund's adjuvant. After about 10 to 14 days the
Ascites fluid was removed. The monoclonal antibodies
formed were purified by ammonium sulphate precipitation
followed by affinity chromatography over .carrier-bound
protein-G.

For antibody production in cell culture, foetal calves'
serum (FCS) was purified by chromatography on protein-G-
sepharose in order to eliminate bovine IgG; this serum
preparation was used in a concentration of 5% for the
hybridoma cultures. The antibodies were again isolated
from the culture residues using protein-G-sepharose.
Alternatively, the cells were grown in serum-free medium
(serum-free and protein-free hybridoma medium, Messrs.
SIGMA, Catalogue No. 5-2772; USA) and the antibodies
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were likewise isolated by chromatography on protein-G-

sepharose.

Example 2
Characterisation of the monoclonal antibodies

The antibody subisotypss were determined using
peroxidase-coupled rabbit antibodies (Serotec, Oxford,
GB): tbp-1 and tbp-6 are IgGl-antibodies whilst tbp-2 is
an IgG2b-antibody.

In the Western blot, all three antibodies recognised
TNF-BP I; tbp-1 showed a strong reactivity, tbp-2
reacted less strongly whilst tbp-6 yielded only a very
slight coloration.

In order to determine the epitopes which were recognised
by the antibodies, the three antibodies tbp-1, tbp-2 and
tbp-6 and the antibody H398 developed by Thoma et al.
(1990) by immunising with solubilised TNF-receptor were
coupled to horseradish peroxidase and characterised by
ELISA: test plates were each coated with one of the
unlabelled antibodies (10 mg/l), after which a series of
dilutions of the antigen were added and then one of the
enzyme coupled antibodies was applied. This experiment
was carried out in every possible arrangement [Fig. 1:
A: tbp-1; B: tbp-2, C: tbp-6, D: H398. The symbols
indicate the peroxidase conjugates: tbp-1 (solid
circles), tbp-2 (solid squares), tbp-6 (solid
triangles), H398 (open circles)). It was found that
none of the individual antibody species was capable of
forming a "sandwich", which indicates that the antigen
is present in the form of a monomer. Combinations of
the antibodies tbp-i with tbp-2, tbp-6 or H398 and
combinations of tbp-2 with tbp-6 or tbp-6 with H398 were
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capable of producing dosage-dependent signals, whereas
tbp-2 in conjunction with H398 did not react. From this
it was concluded that the antibodies recognise three
different epitopes on the TNF-BP I molecule; tbp-2 and
H398 bind to identical or overlapping epitopes. For
further development a test arrangement was chosen in
which tbp-1 constitutes the coating antibody and tbp-2
the peroxidase-coupled antibody.

Example 3

Development of an enzyme linked immunosorbent assay
(Sandwich~ELISA)

In the light of the use of ELISAs for detecting TNF-BP I
in human serum, first of all various media were
investigated for their suitability as dilution media for
samples and a standard. Whereas both FCS and also
calves' serum yielded useable dosage-activity curves,
pooled normal human serum showed a very high blank
value. In order to check whether this phenomenon can be
put down to non-specific reactivity or to the presence
of antigen, human serum was passed over an affinity
colunin containing immobilised TNF-a. As the throughflow
of the chromatography column was used as a diluting
m2dium, the blank value wag approximately equal to that
obtained with calves' serum. This indicated that normal
human serum contains immune-reactive and biologically
active TNF-BP I. The concentration of TNF-BP I in the
serum pool used was estimated at about 1 pg/l. Standard
curves drawn up with 50% calves' serum could not be
distinguished from those with 50% human serum from which
TNF-BP I had been removed. Therefore, the former mediumn
was used for all subsequent tests (of all the supplies
of calves' serum used obtained from various companies,

only two proved suitable; all the others exhibited poor

faa. %




reproducibility.

The tests were set up and carried out according to

standard methods.

First of all, in preliminary tests for developing an
assay for measuring TNF-BP I in serum, it was found that
a so-called two-step assay, i.e. a method in which
incubation of tiie sample is followed by a washing step
and the incubation with the antibody-enzyme conjugate is
carried out separately, has no advantage over the faster
and more convenient one step method. Furthermore,
preliminary tests were carried nut in order to vary the
concentration of the coating antibody and to vary the

incubation time for the immune reaction.

The optimised assay was carried out in order to
determine TNF-BP I in serum as follows:

96 well immunoassay plates were coated with the
monoclonal antibody tbp-1 at a concentration of 3 mg/l
in coating buffer (overnight at 4°C or for 1 hour at
ambient temperature; 100 pl/well). The wells were
washed once and the binding sites remaining were blocked
with 200 pl of test buffer at ambient temperature for 1
hour. After another washing cycle the wells in rows 2
and 11 were filled with 100 pl of 50% calves' serum/50%
PBS. A standard solution of TNF-BP I (see Example 1la,
20 pg/l in 50% calves' serum/50% PBS, 100 pl) was
pipetted into wells A2 and All; serial dilutions in the
ratio 1:2 were made directly in the wells in rows 2 and
11. All other wells were given 50 pl of PBS and the
serum samples were each pipetted out twice (50 pl/well).
50 pl of a solution of peroxidase-coupled antibody tbp-2
in test buffer were placed in all the wells after -a
suitable dilution had been established in preliminary
trials. (The coupling of the antibodies to horseradish

peroxidase (Boehringer Mannheim) was carried out in

T TS T Tty
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adcofdance with the method described by Wilson and
Nakan: ‘?978)). The plates were incubated for 3 hours
at ambient temperature on a plate vibrating apparatus.
The plates were then washed three times, substrate
solution was added (200 pul), the reaction was stopped by
the addition of 50 pl of stopping solution and the
absorption values were determined as described above.
The concentrations of TNF-BP I in the samplés were
calculated using the Titercalc program (Hewlett
Packard) .

In a similar way an assay was set up'for analysing celil
culture residues, except that, when plotting the
calibration curve, cell culture medium containing 1C%

FCS was used and the samples were used undiluted.

A modified (tWo step) method was developed for ieasuring
TNF-BP I in the urine. The need for this arose because
the low pH value of some samples and other unexplained
factors interfered with the test. The effect caused by
the pH value could not be compensated by means of the
standard test buffer owing to the insufficient buffer
capacity. A strong phosphate buffer (0.5 M) was
necessary in order to ensure that even the most acidic
samples (pH 5) could be brought up to a neutral pH.
This measure was still not sufficient as some samples
still showed poor reproduéibility.  This problem was
solved by using a two-step iest method (succeésive
incubation of samples and conjdgate): the plates were
coated, blocked and washed as described for the serum

assay. Then a soluvtion consisting of bovine serum

“albumin (5 g/1) and Tween 20 (0.5 g/l) in 0.5 molar

sodium phosphate buffer pH 7.4 was pipetted .nto the
wells in the plate (50 pl/well). The calibration curve
was drawn up with the same solution. Then urine sampleé
(50 pl/well; measurements carried out twice) were added
and the plates were incubated for 2 hours on a vibration
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apparatus. The plates were then washed and 100 pl of a
solution of enzyme conjugate in test buffer was added,
after which jincubation was carried out for a further 2
hours. The final treatment of the plates.and the
quantitative measurement of TNF-BP I were carried out as

described akove for the serum test.

A "ypical calibration curvz is shown in Fig. 2 (solid
c.rcles: serum samples; open circles: urine samples); it
permits quuntitative measurement of TNF-BP I in a
concentration range of between 0.3 and 10 pg/l. Tke
detectable minimum quantity in the serum, defined as the
concentration which produces a signal corresponding to
the blind value signal plus three standard deviations,
was determined at 0.2 pg/l (average of 4 independent
assays) . At concentrations of up to 1 mg/l1 (100-fold
exciess compared with the normal test range) no "high-
dose honk" effect (excess antigen) could be detected.
The sensitivicy of the test for urine samples was
comparable. The sensitivity for cell culture samples is
around 0.1 pg/l, since these samples are used undilute:’

The accuracy of the serum assay was tested by analysing
serum samples containing TNF-BP I at concentrations of 2
and 10 pg/l in six different tests. The intra-assay
variation coef.icients were 4.7% and 5.9%, respectively;
the inter-assay variation coefficients were 6.6% and
7.5%, respectively. The linearity was determined by
investigating a series of external two-fold dilutions of
TNF-BP I in the serum (concentrations between 0.3 and

1C pg/l) and the linear regression of the values
determined experimentally was calculated by comparison
with the expected values. 1In three: independent tests,
correlation coefficients of between 0.998 and 1 were
obtained.

The detection of T"NF-BP I by serum assay was
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investigated by adding exogenous TNF-BP I to the serum
of 7 normal donors in two different concentrations (1
and 5 ug/l). This experiment was made more difficult by
the fact that all the samples contained endogenous
TNF-BP I in various concentrations; these values
therefore had to be subtracted before the detection rate
could be calculated. The average detection rate was
found to be 83 + 15% at 1 pg/1l and 85 * 13% at & ug/l
(range: 62 - 101% and 65 - 105%, respectively).

The detection of TNF-BP I by means of the modified urine
assay in 14 urine samples to which exogenous TNF-BP I
was added was investigated in the same way as for the
serum samples; the average detection. rate for a nominal
concentration of 5 pg/l was 83 * 15% (range: 52 - 104%).

In order to determine whether the physiological ligands
of the TNF-receptor influence the interaction of

TNF-BP I with the antibodies, the ELISA was carried out
at a constant concentration of TNF-BP I (5 ug/l) in the
presence of increasing concentrations of recombinant
TNF-a (Gray et al., 1984) and recombinant TNF-8 (Pennica
et al., 1984), in each case from E. coli and with a
purity of >9%%. As can be seen from Fig. 3 (C shows the
assay backg:zound in the absence of TNF-BP I), TNF-a
inhibits the rear . 'ity of TNF-BP I with the antibodies
at concent, .*’ . 10 pg/1l;: by contrast, TNF-B
exhibited nu accivity even at very high concentrations
(up to 100 mg/l).
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Example 4
Stability of TNF-BP I
a) Stability in the serum

Filter-sterilised samples of pooled normal serum were
stored for 24 hours at various temperatures; the samples
were also subjected to several freezing/thawing cycles.
As can be seen from Table 1, neither the incubation at
temperatures of 37°C nor the repeated freezing and
thawing affected the immune reactivity of TNF-BP I. The
samples consisted of pooled human serum containing
endogenous TNF-BP I (sample 1: 1.2 pg/l) and the same
serum sample with the addition of exogenous TNF-BP I
(sample 2: final concentration 5 ug/l).

b) Stability in the urine

The tests were carried out as specified under a); three
samples were investigated which represented a broad
spectrum of pH values. As can be seen from Table 1,
TNF-BP I was stable in all the samples after freezing
and thawing. All the samples could be stored for 24
hours at temperatures up to 37°C without losing any
activity. The urine samples originated from three
different donors (sample 1: pH 5.1, 1.9 ug/l; sample 2:
PH 5.9, 4.0 pg/l; sample 3: pH 7.2, 3.7 ug/l). "nd"
indicates "not determined".

Example &
Detection of TNF-BP I in human serum -

Sera from 42 normal donors (blood donors and laboratory

staff) were investigated using the serum sandwich ELISAs
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described in Example 3. TNF-BP I concentrations varied
between 0.5 and 5.4 pg/l, with an average of 2.1 ug/l
(standard deviation 1.0 ug/l; Fig. 4). Serum, EDTA-
plasma, citrate plasma and heparin plasma obtained at
the same time, were available from two people; the
TNF-BP I concentrations did not differ significantly
(donor A: 1.7, 2.0, 1.6 and 1.9 ug/1l; donor B: 1.8, 1.8,

1.8 and 1.2 pg/l). The TNF-BP I concentrations in sera

from 15 patients with chronic polyarthritis did not
differ significantly from those of healthy people (2.3 %
0.79 ug/l; range: 1.2 - 3.9 pg/l). Significantly raised
levels were found in sera from patients with severe
burns (6.5 * 1.7 pug/l; range: 3.1 - 9.1 pug/l; n = 10).
Patients with kidney failure (n = 6) showed remarkably
high concentrations in a range from 20 - 69 ug/1
(average * standard deviation: 49 + 17 ug/l).

Example 6

Using the sandwich ELISA developed in Example 3
specifically for urine samples, the TNF-BP I
concentrations of urine samples from 16 normal donors
were determined. They varied between 0.78 and 4.3 ug/l
(average * standard deviation: 2.2 * 1.2 ug/l). There
was no significant difference between female (2.1 *

1.4 pg/1l; n = 9) and male (2.2 * 1.0 pug/l; n = 7)
donors.

Example 7

Determination of TNF-BP I in culture residues from human

cell lines _ ' =

In order to determine whether the developed ELISA is
suitable for detecting TNF-BP I produced by human cell
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cultures, a series of cell lines were investigated.
Culture media (containing 10% FCS) were harvested from
dense cultures, generally several days after dilution
with fresh medium or after the passage of adhering
cells. Culture medium containing 10% FCS was used as
the standard diluent; the assays were carried out by the
one-step method. TNF-BP I was detectable in residues of
the cell lines A549 (lung cancer; 1.1 ug/l), Hela
(cervical cancer; 0.38 pg/l) and Namalwa (Burkitt's
lymphoma; 0.25 pg/l), but was below the detection limit
(100 ng/1l) in the cell lines U937 (histiocyte lymphoma),
EoL-3 (eosinophilic leukaemia), Raji (Burkitt's
lymphoma) , HL-60 (myeloid leukaemia), U266 (myeloma) and
LuKII (B-lymphoblastoid cell line, immortalised by
Epstein-Barr virus). In accordance with earlier results
(Lantz et al., 1990b), it was observed that HL-60 cells
cultivated in the presence of TNF-B (10 pg/l) released
increased quantities of TNF-BP I; after 4 days of this
treatment a concentration of 0.45 pg/l was achieved.

Example 8

a) Determining the influence of TNF-a on the binding of
the antibodies to TNF-BP I

In order to determine whether TNF-a affects the binding
of the antibodies to TNF-BP I, a one-step sandwich ELISA
was carried out in a number of different arrangements.
One of the monoclonal antibodies was used as a coating
antibody for mopping up the antigen, a constant quantity
of TNF-BP I was used in the presence of various
concentrations of TNF-a, and a second monoclonal
antibody labelled with horseradish pearoxidase was lused.
The ELISAs were carried out substantially as described
in Example 3: the plates wa2re coated with 10 pg/ml of
antibody in coating buffer, washed and blocked with test




buffer. The one-step incubation with TNF-BP I in a
final concentration of 5 ng/ml (in the presence of
varying concentrations of TNF-a) and with peroxidase-
coupled antibody was carried out in test buffer at
ambient temperature for 3 hours. The plates were then
washed, developed with substrate solution, then the
reaction was stopped and absorption was measured at

450 nm in a plate reader, subktracting the absorption at
690 nm. The results of these experiments are given in
Fig. 5: Tables A to D show the results of plates which
were coated with the antibodies tbp-1, tbp-2, tbp-6 and
H398; the symbols represent the peroxidase conjugates of
the antibodies tbp-1 (solid circles), tbp-2 (open
circles), tbp-6 (solid rectangles) and H398 (open
rectangles); the background signal (absence of TNF-BP I)
is shown at C. It was found that the signal obtained
with combinations of the antibodies tbp-1 and tbp-6 was
not even affected by the highest TNF-a concentrations
tested (10 pg/ml). By contrast, all the combinations
containing tbp-2 or H398 were sensitive to TNF-q,
although with different dosage-activity ratios. (These
results indicate that H398 and tbp-2 recognise epitopes
which are connected with the TNF-a binding site, whereas
tbp-1 and tbp-6 define epitopes which are independent
thereof.)

b) Determining the influence of TNF-8 on the binding of
the antibodies to TNF-BP I

The assay was carried out with the monoclonal antibodies
tbp-1 and tbp-6 for TNF-B, as described in a). In the
case of TNF-B, also, it was found that concentrations of
10 ug/mi do not interfere with the assay.
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Example 9

Cytotoxic bioassay for detérmining the biological

activity of the monoclonal antibodies

a) Influence of the antibodies on the protective effect
of TNF-BP I against TNF-«

The cytotoxic activity of TNF-a was determined
essentially using the method described by Kramer and
Carver, 1986. For this purpose, mouse L-M cells (ATCC
CCL 1.2) were cultivated overnight in microtitre plates,
TNF-a preparations were added in serial two-fold
dilutions and actinomycin D was added to give a final

. concentration of 1 pg/ml. The plates were incubated at

39°C for 18 to 20 hours, the cells were stained with
0.5% crystal violet and absorption was determined at
540 nm. (The cell controls and blank values were
provided 4-fold on each plate). By definition, a
solution which kills off 50% of the cells contains 1
unit/ml. Under the assay conditions, the specific
activity of the recombinant human TNF-a used was 5 x 107
units/mg of protein: the reference preparation for
TNF-a, 86/659 (NIBSC, England) with a fixed activity of
4 X 104 E/ml, showed an activity of 5 x 104 E/ml. The
neutralisation assays were carried out by pre-incubating
serial dilutions of TNF-BP I in culture medium with a
constant quantity of TNF-a (final concentration 20 E/ml)
and/or monoclonal antibodies for 1 hour at 37°C. Then
the culture liquid was removed from the plate and the
pre-incubated TNF-a/TNF BP I/antibody solution was added
to the cells in a quantity of 100 pl. The plates were
incubated and stained as described above. TNF-BP I
concentrations exhibiting a 50% protective effect ©n the
cells (ED50) were determined graphically. The results
of the bioassay carried out are given in Fig. 6; the
symbols indicate the following results: TNF-BP I on its
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own (solid circles; broken line), TNF-BP I combined with
the antibodies at 0.01 pg/ml (open triangle), 0.1 pg/ml
(solid triangles), 1 pg/ml (open rectangles), 10 ug/ml
(solid rectangles) or 100 ug/ml (open circles).

It was found that, in the presence of a constant
quantity of TNF-a (400 pg/ml corresponding to 20
cytotoxic units/ml) half-maximum protection is obtained
at TNF-BP I concentrations of 270 t 44 ng/ml (average of
6 independent tests). When the monoclonal antibody
tbp-2 was added together with TNF-BP I, the protective
effect of TNF-BP I was reduced: at antibody
concentrations of 1, 10 or 100 ug/ml, the concertrations
of TNF-BP I required for half-maximum protection
increased to 380, 1,000 and 12,000 ng/ml, respectively.
H398 reduced the protective effect of TNF-BP I to a
similar degree (final values of 840, 3,800 and

> 20,000 ng/ml). (The treatment of the cells with these
antibodies in amounts of up to 100 pg/ml in the absence
of TNF did not produce any cytotoxic activities of any
kind; it was also found that the antibodies do not
protect the cells against the toxicity of TNF in the
absence of TNF-BP I.)

Surprisingly, however, the antibody tbp-1 did increase
the protective effect of TNF-BP I. At antibody
concentrations of up to 100 ng/ml, the cells were
completely protected by TNF-BP I at doses as low as

40 ng/ml. tbp-6 showed a similar but quantitatively
smaller activity (this antibody also showed a lower
activity in the ELISAs and presumably has a lower
affinity). 1In the presence of a large excess of
antibody (10 pg/ml) half-maximum protection could be
found at a TNF-BP I conceritration of 7.3 # 0.5 ng/ml
(tbp-1) or 53 * 13 ng/m' (tbp-6), corresponded to an
approximately 40-fold or 5-fold increase in the
protective effect (which was established by titrations

=<,
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carried out in 4 experiments). 1In control tests which
were carried out at the same TNF-a concentration but in
the absence cf TNF-BP I, the antibodies showed no
activity.

b) Influence of the antibodies on the protective effect
of TNF-BP I against TNF-§

In the bioassay with L-M cells carried out as described
in a), the cytotoxic activity of TNF-f is greater than
that of TNF-a (300 E/ng as against 50 E/ng). TNF-BP I
also exhibited an inhibition of the cytotoxic effect
against the same cytotoxic dose of TNF-8 (20 E/ml,
corresponding to 66 pg/ml), but the dosages required
were at least ten times as great (ED50 = 3,800 ng/ml,
compared with 270 ng/ml for TNF-a). The addition of the
antitodies tbp-1 and tbp-6 (10 pg/ml) intensified the
protective effect to a similar extent as for TNF-a; a
half-maximum protective effect was achieved at 53 ng/ml
and 500 ng/ml, respectively.'
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TABLE 1

Stability of TNF-BP I in serum and urine

Treatment

o

% Detection

Serum

Urine

Sample 1 Sample 2 Sample 1

Sample 2 Sample 3

Storage
at
-20°C
+ 4°C
+20°C
+37°C

Freezing/
thawing
cycles

0

1
3
5

100
98
100
98

100
101
95
92

100
100
98
91

100
i05
103
104

100

97
100
110

100
99
107
nd

100 100
105 105
112 109
107 89
100 100
92 101
98 99
94 99
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. Monoclonal antibodies against human TNF-BP I
entitled tbp-1, tbp-2 and tbp-6, or active fragments
thereof which are secreted by the hybridoma cell lines
TBP-1, TRBP-2 and TBP-6, respectively, said cell lines
being deposited at the ECACC under deposit numbers
91060555 (TBP-1), 91060556'(TBP-2) and 91112811 (TEP-6),

respectively.

2. Procz2ss for determining TNF-BP I in a sample,
characterised in that the sample is brought into contact
with tbp-1 and/or with tbp-z and the formation of a
binary or ternary complex 'between the TNF-BP I contained
in the sample and the antibody or antibodies is
determined. .

3, Process according to ¢1aim 2, characterised in that
the formation of a ternary.antibody/antigen/antibody
complex is determined, the first antibody used being
tbp-1l or tbp-2 and the second antibody used being:one
with the ability to form .an antibody/antigen/antibody
complex with the first éntibpdy.

4. Process according to claim 3, charzcterised in that
tbp-1 is used as the firat antibody and tbp-2 is used as

the secend antibody.

5. Process according-to;one of claims 2 to 4,
characteriged in that the - -sample is a body fluid.

6. Process according to claim 5, characterised in that
the body fluid is serum:

7. Process accorxding to claim 5, characterised in that

., " the body fluid is plasma.

T~




S e T

-
.

€
:
t
t

. «. 36 -

8. Process according to-claim 5, characterised in that
the body fliuid is urine.

9. Frocess according to’ one of claima 2 to 4,
characterised in that the sample is a cell culture
residue.

10. Process according to one of claims 3 to 9,
characterised in that

a) the sample is brought into contact with
carrier-bound tbp-1,

b). the complex formed in a) is brought into
contact with tb§-2 oxr an antibody capable of
forming an antibody/antigen/antibody complex
with tbp-1, whilst the antibody used in this
step has a meazsurable label,

c) the quantity of antibody/antigen/antibody
complex formed is determined by measuring the
label.

11. Process according to claim 10, characterised in
that, in b) an antibody is ueed which recognises the
same epitcpe Gf TNF-BP I, or a region therenf, as tbp-2.

12. Process according: to claim 10 or 11, characterised
in that in b) an enzyme-coupled antibody is used.

the human body which involve activation of the TNF-
receptor system, particularly conditions in which the
TNF-a concentration falls more rapidly than the TNF-BP I
concentration, charact;eriéed in that the concentration
of TNF-BP I in a body le'u'id is determined by imminocassay
using at least one of the antibodies of claim 1. "

14. Process according to claim 13 for diagnosing septic .
shock.
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15, ' Process azcording to clafa 13 or 14, characterised
in that the body fluid is serum.

16. Process according to c¢laim 13 or 14, characterised
in that the body fluid is plaswa.

17. Process according to one of slaims 13 to 16,
characterised in that the concentration of TNF-BP I is
determined immunologically.

18, Process according to ¢laim 17, characterised in
that the concentration of TNF-BP I is determined by
mears of its binding to tbp-1 and/or tbp-2.

19. Sandwich immunoassay kit for carrying out the
process according to one of ¢laims 3 to 18,
characterised in that it contains tbp-1 in one container
and tbp-2 in another container, one cf the two
antibodies optionally being wound to a solid carrier,
whilat the other antibody has a measurable label and,
optionally, thp-1 or tbp-2 is replaced by anrother
antibody which has the ability to form an
antibody/antigen/anmibddy'complex with tbp«2 or tbp-l.

20. Kit according to claim 19, characterised in that
the antibody veplacing tbp-? or tbp-2 binds to the same
epitope or to an cverlapping epitope of TNF-BP I as’
tbp-1 or tbp-2. '

21. Process for detexrmining TNF-BP I in a sample,
characteriged in that the .sample is brought into. contact
witii thp-1 and with tbp-6 and the formation of a ternary
conplex between the TNF-BP I contained in the sample and
the antibodies is determined.

22. Process according‘tcﬂelaim 21, chaxa“iterised in

.. that

e -
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a) the sample ié brought into contact with
carrier-bound tbp-1 or tbp-6,

b) the complex formed in a) is brought inte

| contact with tbhp-6 or with tbhp-1, the antibody

uged in this step having a measurable label,

c) the quantity of antibody/antigen/antibody
complex formed is determined by measuring the
label.

23. BSandwich immunocassay kit for carrying out the
procegs according to claim 22, characterised in that it
containa tbp-1 in one container and tbp-6 in another
container, whilst one of the two antibodies is
optionally bound to a golid carrier and the other
antibody has a measurable:label.

24. Use of monoclonal antibodies against TNF-BP I,
selected from the group of antibodies which do not
compete with TWF-a and/or with TNF-B for binding to

TWF 2P T, in order to intensify the protective effect of
endogenous or =xogenous TNF-BP I against TNF-a and/oxr
TNF-B.

25. Use of the monoclduél antibodies tbp-1 and/or tbp-6
for the purpose specified in claim 24.

Dated this 21st day of February, 1996

Boehrirger Ingelheim Iﬁtérnational GmbH

By its Patent Attorncys
Davies Collison Cave
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INTERNATIONALER RECHERCHENZRERICHT

PCT/EP 92/01335

Internationales Aktenzeici=n

[l. KLASSIFIKATION DES ANMELDUNGSGEGENSTANDS (bei mehreren Klassifikationssymbolen sind alle anzugeben)s

Nach der Internationalen Patentklassifikation (LIPC) oder nach der nationalen Klassifikation und der IPC

Int.K1. 5 C12P21/08; GO1N33/577; A61K39/395
. RECHERCHIERTE SACHGEBIETE
Recherchierter Mindestpriifstoff ?
Klassifikationssytem Klassiflkationssymbole
Int.K1. 5 Co7K GOIN ; A61K

Recherchierte nicht zum Mindestpritfstoff gehtrende Vertffentlichungen, soweit diese
unter die recherchierten Sachgebiete fallen §

. EINSCHLAGIGE VEROFFENTLICHUNGEN 9

siehe Seite 11; Beispiel 6
siehe Seite 14; Beispiel 8

siehe Seite 16 - Seite 17; Beispiel 11

Art.° Kennzeichnung der Veroffentlichung!l , soweit erforderlich unter Angabe der mafigeblichen Teile 12 Betr. Anspruch Nr.13
X,P JOURNAL OF IMMUNOLOGICAL METHODS 1-24
Bd. 143, 1991, AMSTERDAM
Seiten 127 - 136;
ADOLF G.R. ET AL: 'A monoclonal antibody-based
immunoassay for quantitation of human tumor
necrosis factor binding protein I, a soluble
fragment of the 60 kDa TNF receptor,in
biological fluids'
siehe das ganze Dokument
X EP,A,0 412 436 (YEDA RESEARCH AND DEVELOPMENT 1,3-4,
COMPANY) 13. Februar 1591 6-10, 14,
' 16-19

=)=

° Besondere Kategorien von angegebenen Vertiffentlichungen 1° :

“A® Vertffentlichung, die den allgemeinen Stand der Technik
definiert, aber nicht als besonders bedeutsam anzusehen ist

“E” dlteres Dokument, das jedoch erst am oder nach dem interna-
tionalen Anmeldedatum vertffentlicht worden ist

“L* Vertffentlichung, die geeignet ist, einen Priorititsanspruch
zweifelhaft erscheinen zu lassen, oder durch die das Verdf-
fentlichungsdatum einer anderen im Recherchenbericht ge-

Vertiffentlichung belegt werden soll odeér die aus einem

anderen besonderen Grund angegeben ist (wie ausgefuhrt)

“0° Vertffentlichung, die sich auf eine mundliche Offenbarung,
;i;eegenuuung. eine Ausstellung oder andere Malnzhmen

t

“P* Vertffentlichung, die vor dem internatinalen Anmeldeda-
tum, aber nach dem beanspruchten Priorititsdatum vertffent-
licht worden ist

T

Lo 'od

“y”

&

Spitere Vertffentlichung, die nach dem internationalen An-
raeldedatum oder dem Priorititsdatum vertiffentlicht worden
ist und mit der Anmeidung nicht kollidier sondern nur zum
Verstindnis des der Erﬁngung zugrundelit _enden Prinzips
oder der {hr zugrundeliegenden Theorie angegeben ist

Vertffentlichung von besonderer Bedeutung; die beanspruch-
te Erfindung kann nicht als neu oder auf erfinderischer Titig-
keit beruhend betrachtet werden

Vertiffentlichung von besonderer Bedeutung; die beanspruch-
e Erfindung kann nicht als auf erfinderischer Titigkelt be-
ruhend betrachtet werden, wenn die Vertffentlichung mit
ener oder menreren anderen Vertffentlichungen dieser Kate-
gorie in Verbindung gebracht wird und diese Verbind:ung flir
einen Fachmann nzheliegend ist

Vertiffentlichung, die Mitglied derselben Patentfamilie ist

IV. BESCHEINIGUNG

Datum des Abschlusses der internationalen Recherche

04.SEPTEMBER 1992

Absendedatum des internation;

n Recherchenberichts

bl Qr :1.'\
M W Yoo J -

Internationale Recherchenbehtirde

EUROPAISCHES PATENTAMT

Formblatt PCT/ISA/210 (Blatt 2) (Jamaar 1935)
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I. EINSCHLAGIGE VEROFFENTLICHUNGEN  (Fortsetzung von Blatt 2)

Art °

Kennzeichnung der Vertffentlichung, soweit erforderlich unter Angabe der mafigeblichen Teile

Bewr. Anspruch Nr.

X,P

EP,A,0 444 560 (MAX-PLANCK-GESELLSCHAFT) 4.
September 1991

siehe das ganze Dokument

EP,A,0 334 165 (HOFFMANN-LA ROCHE AG) 27.
September 1989

siehe Spalte 5, Zeile 32 - Spalte 6, Zeile 10
siehe Beispiele 1-5

siehe Anspruch 21

PROCEEDINGS OF THE NATIONAL ACADEMY OF SCIENCES
OF USA.

Bd. 87, April 1990, WASHINGTON US

Seiten 3127 - 3131,

BROCKHAUS M. ET AL: 'Identification of two types
of tumor necrosis factor receptors on human cell
1ines by monoclonal antibodies'

in der Anmeldung erwdhnt

siehe Abbildung 1

siehe Abbildung 2

siehe Seite 3130, Spalte 2, Zeile 5 - Zeile 10
JOURNAL OF EXPERIMENTAL MEDICINE

Bd. 172, Oktober 1993, NEW YORK

Seiten 1019 - 1023;

BETTINA THOMA ET AL: 'Identification of a 60-kD
tumor necrosis factor receptor as the major
signal transducing component in TNF responses'
in der Anmeldung erwdhnt

siehe das ganze Dokument

EP,A,0 393 438 (BOEHRINGER INGELHEIM
INTERNATIONAL) 24. Oktober 1990

in der Anmeldung erwihnt

siehe das ganze Dokument

1,3-4,
6-10,
14-19

1-26

Formblatt PCT/ISA/215 | Zoaatzbogen) (Januar 1985)
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p 2rnationales Aktenzeichen

Feld 1 Bemerkungen zu den Anspriichen, die sich als nicht recherchierbar erwiesen haben (Fortsetzung von Punkt 1 auf Blatt 1)

GemiB 4 -tikel 17(2)a) wurde aus folgenden Gritnden filr bestimmte Anspriiche kein Recherchenbericht erstelit:

1. Anspriiche Nr.

weil Sie sich auf Gegenstinde beziehen, zu deren Recherche die Behérde nicht verpflichtet ist, nimlich

Obwoh1 die Anspriiche 25-26 sich auf ein Verfahren zur Behandlung des
manschlichen Korpers bezizhen, wurde die Recherche durchgefiihrt und griin~
dete sich auf die aufgefiihrten Wirkungen der Verbindung

2. D Anspriiche Nr.

weil sie sick auf Teile der internationalen Anmeldung beziehen, die den vorgeschriebenen Anforderungen so wenig entsprechen,
daf} eine sinnvolle internationale Recherche nicht durchgefihrt werden kann, namlich

3. l | Anspriiche Nr. )
weil es sich dabei um abhingige Anspriiche handelt, die nicht entsprechend Satz 2 und 3 der Regel 6.4 a) abgefafit sind.

Feld II Bemerkungen bei mangelnder Einheitlichkeit der Erfindung (Fortsetzung von Punkt 2 auf Blatt 1)

Die internationale Recherchenbehdrde hat festgestelit, dafl diese iniernationale Anmeldung mehrere Erfindungen enthilt

1. D Da der Anmelder alle erfor&erlidmen_zus-’"'ﬂichen Recherchengebihren rechtzeitig entrichtet hat, erstreckt sich dieser
internationale Recherchenbzricini auf alle recherchierbaren Anspriche der internatior: len Anmeldung.

2, D Da fir alle recherchierbaren Anspriiche die Recherche ohne einen Arbeitsaufwand durchgefiihrt werden konnte, der eine

zusitzliche Recherchengebuhr gerschtfertigt hitte, hat die Internationale Recherchenbehorde nicht zur Zahlung einer solchen
Gebiihr aufgefordert,

3. Da der Anmelder nur einige der erforderlichen zusitzlichen Recherchengebilhren rechtzeitig entrichtet hat, erstreckt sich dieser
internationale Recher=hienbericht nur auf die Anspriiche der internationalen Anmeldung, fir die Gebithren entrichtet worden
sind, nimlich auf die Anspriche Nr.

4, D Cer Anmelder hat die erforderlithen zusitzlichen Recherchengebithren nicht rechtzeitig entrichtet. Der internationale Recher-

c:xgnbe‘richt beschrinkt sich daher auf die in den Anspriichen zuerst erwihnte Erfindung; diese ist in folgenden Ansprichen er-
t

Bemerkungen hinsichtlich ein:s Widerspruchs D Die zusitzlichen Gebithren: wurden vom Anmelder unter Widerspruch gezahit.

D Die Zahlung zusitzlicher Gebithren erfolgte ohne Widerspruch.

Formblatt PCT/ISA/210 (Fortsetzung von Blatt 1 (1))(Juli 1992)
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ANHANG ZUM INTERNATIONALEN RECHERCHENBERICHET

UBER DIE INTERNATIONALE PATENTANMELDUNG NR. EP 9201335

SA 60725

In diesemn Anhang sind die Mitglir:der der Patentfamilien der im obengenannten internationalen Recherchenbericht angefithrten

Patentdokumente angegeben.
Dic Angaben iiher dic Familienmitglieder entsprechen dem Stand der Datei des Europiiischen Patentam/s am

[

= o o

EPO FORM P0473

Diese Angahen dienen nur zur Unterrichtung und erfolger ohne Gewiihr. 04/ 09/ 92
Im Recherchenbericht Datum der Mite | > Aer Datum der

angefithrtes Patentdokument Veriffentlichung Pe gy - Veroffentlichung
EP-A-0412486 13-02-91 AU-A- L : 22-11-90
CA-A- 20. ' J25 18-11-90
EP-A- 0398327 22-11-90
JP-A- 3197499 28-08-91
EP-A-0444560 04-04 -1 DE-A- 4006269 29-08-91
EP-A-0334165 27-09-89 AU-A- 3125289 21-09-89
: . JP-A- 2154695 14-06-90
EP-A-0393438 24-10-90 DE-A- 3913101 31-10-90
DE-A- 3920282 03-01-91
JP-A- 3164179 16-n7-91

Filr nihere Einzelheiten zu diesem Anhang : siche Amtsblatt des Europiischen Patentamts, Nr.12/52




