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(57) ABSTRACT 

The present invention relates to methods for screening mol 
ecules and methods to detect protein-protein interactions and 
means used therein. More speci?cally, the present invention 
relates to methods for screening candidate drugs for treating 
or detecting MIF (macrophage migration inhibitor factor) 
related diseases. In certain aspects, the present invention 
involves detecting MIF/Jabl (c-Jun activation domain bind 
ing protein) interactions as a basis for modulating cellular 
regulatory pathways and for identifying candidate drugs for 
MIF-related diseases. The invention also provides methods 
for the identi?cation of molecules which dissociate or prevent 
interaction or binding between MIF and Jab1. 

8 Claims, 13 Drawing Sheets 
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Figure 5 
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Figure 6 
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Figure 8 
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ANTI-MIF ANTIBODIES 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions 
made by reissue. 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is reissue of US. application Ser No. 
10/148,496,?led Sep. 13, 2002, now US. Pat. No. 7,303, 885, 
which is a U.S. National Stage Application under 35 
U.S.C. §371 of PCT International Application No. PCT/ 
EP00/ 10814, ?led Nov. 2, 2000, which claims priority to 
German Patent Application 199 57 065.5, ?led Nov. 26, 1999. 
Each of these applications is incorporated herein by reference 
as if set forth in its entirety. 

This application contains references to amino acid 
sequences which were submitted on Jul. 2, 2009 as the 

sequence listing text file r‘3659] 704998. TXT”, file size 2 
MegaBytes (MB), created on Jul. 1, 2009. The aforemen 
tioned sequence listing is hereby incorporated by reference in 
its entirety pursuant to 37 CFR §].52(e)(5). 
The present invention relates to screening methods for 

candidate drugs effective in treating or detecting MIF (mac 
rophage migration inhibitory factor) related diseases, and 
means used therein. 

In response to antigenic or mitogenic stimulation, lympho 
cytes secret protein mediators called lymphokines that play 
an important role in immunoregulation, in?ammation, stress 
response, and effector mechanisms of cellular immunity. The 
?rst reported lymphokine activity was observed in culture 
supernatants of antigenically sensitised and activated guinea 
pig lymphocytes. This activity was named migration inhibi 
tory factor (MIF) for its ability to prevent the migration of 
guinea pig macrophages out of capillary tubes in vitro. MIF 
has also been identi?ed as a secretable product of macroph 
ages, anterior pituitary cells and endothelial cells activating 
both macrophages and T-lymphocytes and certain other cell 
types. 

The detection of MIF activity is correlated with a variety of 
in?ammatory responses including delayed hypersensitivity 
and cellular immunity, allograft rejection, rheumatoid pol 
yarthritic synovialis, and autoimmune diseases. In addition, 
MIF has enzymatic activity, showing both tautomerase and 
thiol-protein oxidoreductase activity. MIF has various proin 
?ammatory properties. In this function, MIF was demon 
strated to be a mediator of several in?ammatory diseases 
including Gram-negative and Gram-positive septic shock, 
adult respiratory distress syndrome, and its pro-in?ammatory 
properties are due in part to its capacity to induce the release 
of other proin?ammatory cytokines, such as interleukin-1, 
tumour necrosis factor and by the counterregulation of glu 
cocorticoid action. MIF also plays a role in the regulation of 
cellular redox homeostasis. Despite functional similarities 
with other cytokines, MIF exhibits a number of characteristic 
features. For example, MIF expression is not restricted to 
cells of the immune and endocrine systems and MIF protein 
is found preformed in most MIF-expressing cells. 

Although of tremendous importance for the development 
of diagnostic and therapeutic tools for MIF-related diseases, 
the molecular targets of MIF action have not been identi?ed; 
MIF could have direct intracellular functions based on inter 
actions with intracellular proteins. Moleculesiso-called 
drugsiwhich disrupt, prevent, enhance or modulate interac 
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2 
tion of MIF with other proteins can in?uence the key role of 
MIF in cell cycle control, immuno-modulation, redox-effects 
and regulatory pathways. 
WO 99/42578 describes methods and reagents for extend 

ing the lifespan, eg the number of mitotic divisions, of a cell 
by use of MIF or a homologe thereof which induces cell 
proliferation. This document also describes the treatment of 
proliferative disorders by inhibiting MIF induced bypass of 
the p53 cell cycle checkpoints. The document describes that 
MIF is the ?rst example of a natural protein capable of func 
tionally inactivating the growth arrest phenotype of a tumor 
suppressor in trans. In addition, since MIF has been identi?ed 
as having a pro-in?ammatory role, both systematically and 
locally, this observation provides a link between the ?elds of 
in?ammation and tumor biology. 
WO 98/17314 describes a method of treating or preventing 

a disease which involves [celloverproliferation] cell over 
proliferation in a subject comprising administering to a sub 
ject in which such treatment or prevention is desired [as] a 
therapeutically effective amount of a[,] MIF antagonist agent. 
Furthermore, there is disclosed a method for treating [tumor 
neovascularisation] tumor neovascularization in a subject, 
comprising administering a therapeutically effective amount 
of an agent which inhibits or [neutralises] neutralizes the 
activity of MIF. Agents for [neutralising] neutralizing the 
activity of MIF are, for example, anti-MIF[-] monoclonal 
antibodies, MIF antisense RNA molecules and combinations 
thereof. 

In principle, the interaction of MIF with other proteins can 
be tested with a two-hybrid system. The yeast two-hybrid 
system has been used to detect the association of pairs of 
proteins (see, e.g., Fields et al., U.S. Pat. No. 5,283,173). This 
method involves in vivo reconstitution of two separable 
domains of a transcription factor. The DNA binding domain 
of the transcription factor is required for recognition of a 
chosen promoter. The activation domain is required for con 
tacting other components of the cell’ s transcriptional machin 
ery. In this system, the transcription factor is reconstituted 
through the use of hybrid proteins. One hybrid is composed of 
the activation domain and a ?rst protein of interest. The sec 
ond hybrid is composed of the binding domain and a second 
protein of interest. In cases where the ?rst and second proteins 
of interest interact with each other, the activation domain and 
binding domain are brought into close physical proximity, 
thereby reconstituting the transcription factor. Association of 
the proteins can be measured by assaying the ability of the 
reconstituted transcription factor to activate transcription of a 
reporter gene. 

Methods and compositions for drug screening are known 
(US. Pat. No. 5,569,588). A method for modelling the tran 
scriptional responsiveness of an organism to a candidate drug 
involves for instance (a) detecting reporter gene product sig 
nals from each of a plurality of different, separately isolated 
cells of a target organism, wherein each cell contains a recom 
binant construct comprising a reporter gene operatively 
linked to a different endogenous transcriptional regulatory 
element of the target organism such that the transcriptional 
regulatory element regulates the expression of the reporter 
gene, and the sum of the cells comprises an ensemble of the 
transcriptional regulatory elements of the organism suf?cient 
to model the transcriptional responsiveness of the organism to 
a drug; (b) contacting each cell with a candidate drug; (0) 
detecting reporter gene product signals from each cell; (d) 
comparing reporter gene product signals from each cell 
before and after contacting the cell with the candidate drug to 
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obtain a drug response pro?le Which provides a model of the 
transcriptional responsiveness of the organism to the candi 
date drug. 

Thus, it is considered particularly important to develop and 
provide methods and means that alloW (i) the detection of the 
interaction of MIF With an intracellular target molecule, for 
instance a protein and (ii) the identi?cation of molecules 
Which modify this interaction of MIF With the intracellular 
target molecule. 

Thus, the technical problem underlying the present inven 
tion is to provide means and methods for screening drugs 
effective in diagnosing and treating MIF-related diseases. 

The present invention solves this problem by providing a 
method for screening candidate drugs effective in diagnosing 
and treating MIF-related diseases by testing Whether the can 
didate drug disrupts interaction, in particular, binding 
betWeen MIF and Jabl, and/or interferes With a MIF/Jabl 
speci?c cellular effect, the method comprising detecting in a 
MIF and Jabl system an interaction betWeen MIF and Jabl 
and/ or a MIF/Jabl-speci?c cellular effect in the absence of a 
candidate drug, and comparing the detected interaction and/ 
or cellular effect to an interaction and/or cellular effect 
detected in a system containing MIF and Jabl in the presence 
of a candidate drug and Whereby the detected and compared 
interactions and/or cellular effects are preferably speci?c 
MIF/Jabl complex based biological effects. 

Thus, the present invention is inter alia based on the ?nding 
that MIF and Jab l interact, in particular bind to each other and 
thus form a MIF/Jabl complex. A Wide variety of medical 
applications in Which MIF-Jabl-complexes play an impor 
tant role are encompassed by the present invention e.g. cell 
growth-related diseases in general, in particular the method of 
the invention may be used to determine and ?nd drugs for the 
treatment of MIF-related diseases: endogenous uveitis, pro 
teinuria, glomerulonephritis, Wound repair, carcinogenesis, 
tinnitus, septic shock and arthritis etc. 

The interaction betWeen MIF and Jabl demonstrates that a 
cytokine can modulate cellular regulatory pathWays by direct 
interaction With a transcriptional co-activator. MIF-Jabl 
interaction provides a molecular basis for prominent activi 
ties of MIF. 

Jabl (c-Jun activation domain binding protein), in particu 
lar p38jabl, is a 38K protein originally identi?ed as a speci?c 
co-activator of the c-Jun and JunD transcription factors, and 
Which also acts as a negative regulator of the cyclin-depen 
dent-kinase (CDK) inhibitor p27KiPl. A transcriptional co 
activator function of Jabl is due to enhancement of AP-l 
dependent transcriptional activity. Jabl homologues have 
also been identi?ed in plants, Whereby the plants homologue 
of Jabl are also involved in the regulation of AP-l transcrip 
tion factor activity (W0 99/ 24574). Jabl is a member of the 
Mov34 family of proteins (Hofmann and Bacher, 1998; 
Asano et al., 1997). MIF inhibits enhancement of AP-l tran 
scriptional activity by Jab l. Jab l is identi?ed to activate c-Jun 
N-terminal kinase activity (JNK) and this effect is markedly 
doWn-regulated by MIF. MIF according to the present inven 
tion blocks Jabl- and TNF-mediated activation of JNK. In 
accordance With the present invention MIF also counter-regu 
lates Jabl dependent cell cycle processes. MIF increases 
p27Kl-Pl expression by stabilisation of p271”?1 protein and 
inhibits Jabl mediated rescue of ?broblasts from starvation 
induced groWth arrest. MIF colocalises With Jabl in the cyto 
sol and both endogenously expressed and exogenous MIF 
folloWing endocytosis and being targeted to the cytosol bind 
Jabl in the cytosol. MIF inhibits Jabl- and stimulus-en 
hanced AP-l activity, but does not interfere With induction of 
NFKB. Jabl activates INK activity and enhances endogenous 
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4 
phospho-c-Jun levels and MIF inhibits these effects. MIF also 
antagonises Jab 1 -dependent cell cycle regulation by increas 
ing p27Kl-Pl expression through stabilisation of p27Kl-Pl pro 
tein. Consequently, Jab l -mediated rescue of ?broblasts from 
groWth arrest is blocked by MIF. Analysis of a MIF peptide 
consisting only of residues 50-65 of Wild-type MIF and of a 
mutant Cys60 (Wildtype MIF With Cys at position 60) shoWs 
that region 50-65 is important for Jabl binding and modula 
tion. MIF may broadly act to negatively regulate Jabl-con 
trolled pathWays and MIF/Jabl interaction could provide a 
long sought molecular basis for key activities of MIF. MIF 
broadly acts to negatively regulate Jabl-controlled cellular 
pathWays. The MIF-Jabl interaction provides a molecular 
basis for key activities of MIF because the MIF-Jabl interac 
tion is connected With pathWays and cellular and molecular 
cycles in the context of MIF-related diseases. 

In the context of the present invention, a number of general 
terms shall be utilised as folloWs. 

In the context of the present invention, a “MIF-related 
disease” is a disease such as arthritis, carcinogenesis and/or 
cancer, nephritis, proteinuria, dermatitis, diabetes/obesity, 
acute and chronic renal allograft rejection, tubulitis, degen 
eration of neurones, Parkinson’ s disease, septic shock, endot 
oxemia, hypersensitivity, uveitis, tinnitus, Wound repair/cell 
groWth; MIF also plays an important role in immunoregula 
tion, in?ammation and effector mechanisms of cellular and 
humoral immunity, septic shock, ocular in?ammation, in the 
regulation of transcriptional and cell cycles, and respiratory 
distress syndrome, physiological stress and others. 

In the context of the present invention, the term “drug” 
refers to a substance being useful for diagnosing and/ or treat 
ing diseases, in particular MIF-related diseases, preferably in 
an amount su?icient to obtain such an effect. As used herein, 
the term “drug” refers both to the active agent itself and the 
active agent in connection With pharmaceutically acceptable 
carriers, adjuvants, other active agents, etc. A putative or 
candidate drug is meant to be a substance or composition to be 
tested as to Whether this substance or composition is suitable 
to be used as a drug. In a particularly preferred embodiment a 
“drug” is a small MIF-derived peptide, in particular MIF 
50-65 or 57S” 60S” MIF 60-65. Thus, the present invention 
also encompasses the speci?c peptides Which are depicted in 
SEQ ID No’s l and 2. 

In the context of the present invention, the term “treatment” 
refers to the prophylacetic and/ or therapeutic effect of a drug. 

In the context of the present invention, a “MIF and Jabl 
system” relates to a system in Which synthetically produced 
or naturally occurring MIF and Jabl are present under con 
ditions Which permit that they contact each other and bind, 
either under natural or arti?cial conditions. In one embodi 
ment of the present invention, a MIF and Jabl system is a 
naturally occurring cell or a recombinantly produced cell. In 
another embodiment of the present invention, a MIF and Jabl 
system may be a crude extract made from the above cells or 
made from other sources, as long as they contain MIF and 
Jabl. In another embodiment of the present invention, a MIF 
and Jabl system is for instance an in vitro translation system 
containing elements alloWing the production or puri?cation 
of pure or semi-pure MIF and Jabl or of fusion or complex 
proteins comprising all or a part of MIF and Jabl, each alone 
or together. 

In the context of the present invention, the term “MIF” 
relates to naturally occurring MIF as Well as to any modi? 
cations, mutants or derivatives of MIF such as recombinantly 
produced MIF containing amino acid modi?cations, such as 
inversions, deletions, insertions, additions, etc., as long as at 
least part of the essential biological functions of Wildtype 
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MIF are present. Such a MIF may also comprise unusual 
amino acids and/or modi?cations such as alkylation, oxida 
tion, thiol-modi?cation, denaturation, and oligomerisation 
and the like. In particular, in the context of the present inven 
tion, a MIF may be a protein, in particular a fusion protein 
containing all or part of the MIF in addition to other proteins, 
peptides or parts thereof. In a further embodiment of the 
present invention, the MIF is a truncated version of the natu 
rally occurring MIF, such as a small peptide. In a particularly 
preferred embodiment of the present invention, such a small 
peptide is a MIF peptide fragment such as MIF 50-65 (peptide 
consisting of Wildtype amino acid sequence residues 50-65 
(SEQ ID No. l) or Ser57 Ser6O MIF 50-65 (Wildtype amino 
acid residues 50-65 except for the replacement of Wildtype 
Cys 57 and Cys 60 by Ser57 and Ser6o.) Both of these peptides 
are subject matter of the present teaching. 

In the context of the present invention, the term “Jabl” 
relates to naturally occurring Jabl as Well as to any modi? 
cations, mutants or derivatives of Jabl such as recombinantly 
produced Jabl containing amino acid modi?cations, such as 
inversions, deletions, insertions, additions, etc., as long as at 
least part of the essential biological functions of Wildtype Jab 
are present. Such a Jabl may also comprise unusual amino 
acids and/or modi?cations such as alkylation, oxidation, 
thiol-modi?cation, denaturation, and oligomeri sation and the 
like. In particular, in the context of the present invention, a 
Jabl may be a protein, in particular a fusion protein contain 
ing all or part of the Jabl in addition to other proteins, pep 
tides or parts thereof. In a further embodiment of the present 
invention, the Jabl is a truncated version of the naturally 
occurring Jabl such as the so-called MPN domain or Mov-34 
domain (Asano et al., 1997; Hofmann and Bacher, 1998) or a 
small peptide. 
The term “promoter” refers to a sequence of DNA, usually 

upstream (5') to the coding sequence of a structural gene, 
Which controls the expression of the coding region by pro 
viding the recognition for RNA polymerase and/or other fac 
tors required for transcription to start at the correct site. Pro 
moter sequences are necessary, but not alWays suf?cient to 
drive the expression of the gene. 

“Nucleic acid” refers to a large molecule Which can be 
single or double stranded, composed of monomers (nucle 
otides) containing a sugar, phosphate and either a purine or 
pyrimidine. The nucleic acid may be cDNA, genomic DNA, 
or RNA, for instance mRNA. 

The term “nucleic acid sequence” refers to a natural or 
synthetic polymer of DNA or RNA Which may be single or 
double stranded, alternatively containing synthetic, non 
natural or altered nucleotide bases capable of incorporation 
into DNA or RNA polymers. 

The term “gene” refers to a DNA sequence that codes for a 
speci?c protein and regulatory elements controlling the 
expression of this DNA sequence. 

The term “coding sequence” refers to that portion of a gene 
encoding a protein, polypeptide, or a portion thereof, and 
excluding the regulatory sequences Which drive the initiation 
or termination of transcription. The coding sequence and/or 
the regulatory element may be one normally found in the cell, 
in Which case it is called “autologous” or “endogenous”, or it 
may be one not normally found in a cellular location, in Which 
case it is termed “heterologous”. 
A heterologous gene may also be composed of autologous 

elements arranged in an order and/ or orientation not normally 
found in the cell in Which it is transferred. A heterologous 
gene may be derived in Whole or in part from any source 
knoWn to the art, including a bacterial or viral genome or 
episome, eucaryotic nuclear or plasmid DNA, cDNA or 
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6 
chemically synthesised DNA. The structural gene may con 
stitute an uninterrupted coding region or it may include one or 
more introns bounded by appropriate splice junctions. The 
structural gene may be a composite of segments derived from 
different sources, naturally occurring or synthetic. 
A “transactivator protein” is a protein that can bind to the 

operator region of a gene and thereby promote transcription 
of the gene. 
A “DNA-binding domain” is a sequence of amino acids 

that are capable of binding to a speci?c DNA sequence. 
A “fusion protein” is a protein made up of amino acid 

sequences derived from at least tWo different sources. In the 
context of a fusion protein, a “heterologous” amino acid 
sequence is a sequence originating from a source different 
from other parts of the fusion protein. 
A “detectable gene product” is a nucleotide or amino acid 

sequence that can be detected by an assay. Preferably, the 
expression of a detectable gene product confers a character 
istic on a cell that alloWs the cell to be conveniently selected 
among other cells that do not express the detectable gene 
product. 
By “operably linked” or “under operational control” it is 

meant that a gene and a regulatory sequence are connected in 
sense or antisense expression in such a Way as to permit gene 
expression When the appropriate molecules (e.g. transcrip 
tional activator proteins) are bound to the regulatory 
sequence. 
The term “associated” in the context of the present inven 

tion refers to any type of interaction betWeen MIF and Jabl, 
in particular covalent or non-covalent binding or association 
such as, but not limited to, a covalent bond, hydrophobic/ 
hydrophilic interaction, van der Waals forces, ion pairs, 
ligand-receptor interaction, epitope-antibody binding site 
interaction, enZyme-substrate interaction, liposome-hydro 
phobic interaction, nucleotide base pairing, membrane-hy 
drophobic interaction, and the like. Such an association may 
also include the presence of further molecules, such as pep 
tides, proteins, such as Kip, Jun, c-Jun-amino-terminal kinase 
(JNK), steroid receptor coactivator l (SRC-l), integrin LFA 
l, progesterone receptor (PR) or glucocorticoide receptor 
(GR), or nucleotide sequences. 
The term “vector” refers to a recombinant DNA construct 

Which may be a plasmid, virus, or autonomously replicating 
sequence, phage or nucleotide sequence, linear or circular, of 
a single or double stranded DNA or RNA, derived from any 
source, in Which a number of nucleotide sequences have been 
joined or recombined into a unique construction Which is 
capable of introducing a promoter fragment and DNA 
sequence for a selected gene product in sense or antisense 
orientation along With an appropriate 3' untranslated 
sequence into a cell. 

“Plasmids” are genetic elements that are stably inherited 
Without being a part of the chromosome of their host cell. 
They may be comprised of DNA or RNA and may be linear or 
circular. Plasmids code for molecules that ensure their repli 
cation and stable inheritance during cell replication and may 
encode products of considerable medical, agricultural and 
environmental importance. For example, they code for toxins 
that greatly increase the virulence of pathogenic bacteria. 
They can also encode genes that confer resistance to antibi 
otics. Plasmids are Widely used in molecular biology as vec 
tors to clone and express recombinant genes. Plasmids are 
generally designated herein by a loWer case p preceded and/or 
folloWed by upper-case letters and/or numerals, in accor 
dance With standard naming conventions familiar to those of 
skill in the art. Starting plasmids disclosed herein are either 
commercially available, publicly available, or can be con 



US RE43,497 E 
7 

structed from available plasmids by routine application of 
Well known, published procedures. Many plasmids and other 
cloning and expression vectors that canbe used in accordance 
With the present invention are Well knoWn and readily avail 
able to those of skill in the art. Moreover, those of skill readily 
may construct any number of other plasmids suitable for use 
in the invention. The properties, construction and use of such 
plasmids, as Well as other vectors, in the present invention 
Will be readily apparent to those of skill from the present 
disclosure. 

The term “expression” as used herein is intended to 
describe the transcription and/or coding of the sequence for 
the gene product. In the expression, a DNA chain coding for 
the sequence of gene product is ?rst transcribed to a comple 
mentary RNA, Which is often an mRNA, and then the thus 
transcribed mRNA is translated into the above mentioned 
gene product if the gene product is a protein. HoWever, 
expression also includes the transcription of DNA inserted in 
antisense orientation to its regulatory elements. Expression, 
Which is constitutive and possibly further enhanced by an 
externally controlled promoter fragment thereby producing 
multiple copies of mRNA and large quantities of the selected 
gene product, may also include overproduction of a gene 
product. 

The term “host cell” refers to a cell Which has been geneti 
cally modi?ed by transfer of a chimeric, heterologous or 
autologous nucleic acid sequence or its descendants still con 
taining this sequence. These cells are also termed “transgenic 
cells”. In the case of an autologous nucleic acid sequence 
being transferred, the sequence Will be present in the host cell 
in a higher copy number, in a different orientation and/ or at a 
different place than naturally occurring. 

The term “MlF-Jabl -complex” refers to an association of 
MIF and Jabl, eg an interaction betWeen domains of MIF 
and J abl. 

The term “target activity” refers to a MlF-Jabl-complex 
induced activity, eg an expression of a reporter gene or a 
regulation of anAP-l activity or a regulation of CDK (cyclin 
dependent kinases) inhibitors or other MlF-J ab 1 -speci?c tar 
get activities. 

The proteins of the invention that do not occur in their 
natural (cellular) environment are isolated. The term “iso 
lated” as used herein, in the context of proteins, refers to a 
polypeptide Which is unaccompanied by at least some of the 
material With Which it is associated in its natural state. The 
isolated protein constitutes at least 0.5%, preferably at least 
5%, more preferably at least 25% and still more preferably at 
least 50% by Weight of the total protein in a given sample. 
Most preferably the “isolated” protein is substantially free of 
other proteins, lipids, carbohydrates or other materials With 
Which it is naturally associated, and yields a single major 
band on a non-reducing polyacrylamide gel. Substantially 
free means that the protein is at least 75%, preferably at least 
85%, more preferably at least 95% and most preferably at 
least 99% free of other proteins, lipids, carbohydrates or other 
materials With Which it is naturally associated. 

“Af?nity chromatography” is knoWn to involve separation 
of proteins by selective absorption onto and/ or elution from a 
solid medium or a solid support (eg immobilised Jabl, 
immobilised MIF, immobilised anti-MlF-Jabl-domain anti 
bodies and/or immobilised anti-MlF-Jabl-fusion-protein 
antibodies etc.), generally in the form of a column. The solid 
medium is usually an inert carrier matrix to Which is attached 
a ligand having the capacity to bind under certain conditions 
With the required protein or proteins in preference to others 
present in the same sample, although in some cases the matrix 
itself may have such selective binding capacity. The ligand 
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8 
may be biologically complementary to the protein to be sepa 
rated, for example, anti-gen and antibody, or may be any 
biologically unrelated molecule Which by virtue of the nature 
and steric relationship of its active groups has the poWer to 
bind the protein. The support matrices commonly used in 
association With such protein-binding ligands include, for 
example, polymers and copolymers of agarose, dextrans and 
amides, especially acrylamide, or glass beads or nylon matri 
ces. Cellulose and substituted celluloses are generally found 
unsuitable When using dyes, since, although they bind large 
amounts of dye, the dye is poorly accessible to the protein, 
resulting in poor protein binding. 
By “solid support” an insoluble matrix is meant, either 

biological in nature, such as, Without limitation, a cell or 
bacteriophage particle, or synthetic, such as, Without limita 
tion, an acrylamide derivate, cellulose, nylon, silica and mag 
netised particles, to Which soluble molecules may be linked or 
joined. 

“Antibody” refers to a polypeptide substantially encoded 
by an immunoglobulin gene or immunoglobulin genes, or 
fragments thereof, Which speci?cally bind and recognise an 
analyte (antigen). The recognised immunoglobulin genes 
include the kappa, lambda, alpha, gamma, delta, epsilon and 
mu constant region genes, as Well as the myriad immunoglo 
bulin variable region genes. Antibodies exist, e.g., as intact 
immunoglobulins or as a number of Well characterised frag 
ments produced by digestion With various peptidases. “Anti 
body” also refers to modi?ed antibodies (e.g. oligomeric, 
reduced, oxidated and labelled antibodies). The term “anti 
body”, as used herein, also includes antibody fragments 
either produced by the modi?cation of Whole antibodies or 
those synthesised de novo using recombinant DNA method 
ologies. The term “antibody” includes intact molecules as 
Well as fragments thereof, such as Fab, F(ab')2, and Fv Which 
are capable of binding the epitopic determinant. These anti 
body fragments retain some ability to selectively bind With its 
antigen or receptor and are de?ned as follows: 

(1) Fab, the fragment Which contains a monovalent anti 
gen-binding fragment of an antibody molecule can be pro 
duced by digestion of Whole antibody With the enZyme papain 
to yield an intact light chain and a portion of one heavy chain; 

(2) Fab‘, the fragment of an antibody molecule can be 
obtained by treating Whole antibody With pep sin, folloWed by 
reduction, to yield an intact light chain and a portion of the 
heavy chain; tWo Fab' fragments are obtained per antibody 
molecule; 

(3) (Fab')2, the fragment of the antibody that can be 
obtained by treating Whole antibody With the enZyme pepsin 
Without subsequent reduction; F(ab')2 is a dimer of tWo Fab‘ 
fragments held together by tWo disul?de bonds; 

(4) Fv, de?ned as a genetically engineered fragment con 
taining the variable region of the light chain and the variable 
region of the heavy chain expressed as tWo chains; and 

(5) Single chain antibody (“SCA”), de?ned as a genetically 
engineered molecule containing the variable region of the 
light chain, the variable region of the heavy chain, linked by 
a suitable polypeptide linker as a genetically fused single 
chain molecule. 

Methods of making these fragments are knoWn in the art. 
(See for example, HarloW and Lane, Antibodies: A Labora 
tory Manual, Cold Spring Harbor Laboratory, NeW York 
(1 988)). 
As used in this invention, the term “epitope” means any 

antigenic determinant on an antigen to Which the paratope of 
an antibody binds. Epitopic determinants usually consist of 
chemically active surface groupings of molecules such as 
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amino acids or sugar side chains and usually have speci?c 
three dimensional structural characteristics, as Well as spe 
ci?c charge characteristics. 

Monoclonal antibodies to the proteins of the present inven 
tion, and to the fragments thereof, can also be readily pro 
duced by one skilled in the art. The general methodology for 
making monoclonal anti-bodies by using hybridoma technol 
ogy is Well knoWn Immortal antibody-producing cell lines 
can be created by cell fusion, and also by other techniques 
such as direct transformation of B lymphocytes With onco 
genic DNA, or transfection With Epstein-Barr virus. See, e. g., 
M. Schreier et al., “Hybridoma Techniques” (1980); Ham 
merling et al., “Monoclonal Antibodies and T-cell Hybrido 
mas” (1981); Kennett et al., “Monoclonal Antibodies” 
(1980); see also US. Pat. Nos. 4,341,761; 4,399,121; 4,427, 
783; 4,444,887; 4,452,570; 4,466,917; 4,472,500; 4,491,632; 
and 4,493,890. Panels of monoclonal antibodies produced 
against the protein of interest, or fragment thereof, can be 
screened for various properties; i.e., for isotype, epitope, 
a?inity, etc. Alternatively, genes encoding the monoclonals of 
interest may be isolated from the hybridomas by PCR tech 
niques knoWn in the art and cloned and expressed in the 
appropriate vectors. Monoclonal antibodies are useful in 
puri?cation, using immunoaf?nity techniques of the indi 
vidual proteins against Which they are directed. The antibod 
ies of this invention, Whether polyclonal or monoclonal, have 
additional utility in that they may be employed as reagents in 
immunoassays, RIA, ELISA, and the like. In addition, they 
can be used to isolate the MIF, Jab1, MIF-Jabl domain etc. 
from cells. The antibodies e.g. could be used to establish a 
tissue culture based assay for discovery or modi?cation of 
novel compounds Which block the interaction of MIF and 
Jab1. 

The humanised or chimeric antibodies can comprise por 
tions derived from tWo different species (e.g., human constant 
region and murine binding region). The portions derived from 
tWo different species can be joined together chemically by 
conventional techniques or can be prepared as a single fusion 
protein using genetic engineering techniques. DNA encoding 
the proteins of both portions of the chimeric antibody can be 
expressed as a single fusion protein. 
An antibody “speci?cally binds to” or “is speci?cally 

immunoreactive Wit ” a protein When the antibody functions 
in a binding reaction Which is determinative of the presence of 
the protein in the presence of a heterogeneous population of 
proteins and other biologics. Thus, under designated immu 
noassay conditions, the speci?ed antibodies bind preferen 
tially to a particular protein and do not bind in a signi?cant 
amount to other proteins present in the sample. Speci?c bind 
ing to a protein under such conditions requires an antibody 
that is selected for its speci?city for a particular protein. A 
variety of immunoassay formats may be used to select anti 
bodies speci?cally immunoreactive With a particular protein. 
For example, solidphase ELISA immunoassays are routinely 
used to select monoclonal antibodies speci?cally immunore 
active With a protein. See HarloW and Lane (1988) Antibod 
ies, A Laboratory Manual, Cold Spring Harbor Publications, 
NeW York, for a description of immunoassay formats and 
conditions that can be used to determine speci?c immunore 
activity. 

“Immunoassay” refers to an assay that utilises an antibody 
to speci?cally bind an analyte. The immunoassay is charac 
terised by the use of speci?c binding properties of a particular 
antibody to isolate, target, and/or quantify the analyte. 

In a preferred embodiment of the present invention, the 
method for drug-screening is an in vitro method. 
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10 
In a particularly preferred embodiment of the present 

invention, the in vitro method for [drugscreening] drug 
screening is an assay for detecting the interaction, in particu 
lar binding betWeen MIF and Jab1. 

In a preferred embodiment of the present invention, the 
MIF-Jabl binding is measured by using conventional meth 
ods of radioactive labelling, photo labelling, ?uorescence 
labelling, biotin labelling, co-precipitation, immunoprecipi 
tation, fractionation by chromatography etc. of MIF, Jab1 
and/or the complex thereof in the presence or absence of a 
drug to be screened. 

In particular, the present invention relates to so-called HTP 
methods, this means high throughput screening methods. In 
accordance With one embodiment of the present invention, 
MIF/ Jab1 binding may be tested in the presence or absence of 
a competitive peptide Which competes With MIF or Jab1 for 
the respective binding partner, i.e. MIF or Jab1 . In particular, 
such a competitive binding partner may be a MIF derived 
analogue, for instance, a mutant of MIF, eg a fragment of 
MIF such as a peptide fragment consisting of amino acid 
residues 50-65 of Wildtype human MIF or a peptide fragment 
consisting of Wildtype amino acid residues 50-65 of human 
MIF except that at positions 57 and 60, With respect to the 
Wildtype numbering (Kleemann et al., 1998 b) the natural 
occurring amino acids have been replaced by Ser. Thus, these 
truncated 16 amino acid residues long MIF peptides are, 
according to the present invention, very useful MIF competi 
tive peptides Which might be used in the present assay sys 
tems. In particular, in a further preferred embodiment of the 
present invention, MIF/ Jab1 binding can be tested in the 
presence or absence of such a competitive peptide, While 
simultaneously, a candidate drug is also present to be tested 
for its effects on MIF/Jabl interaction. In another preferred 
embodiment the above identi?ed MIF truncated peptides may 
serve itself as candidate drugs, i.e. eventually as drugs. 

Such a competitive binding partner may also be a Jabl 
derived analogue, for instance, a mutant of J ab1 or a fragment 
of Jab1 such as a domain or peptide fragment of Wildtype 
human or mouse Jab1. Such truncated Jab1 proteins or pep 
tides are, according to the present invention, very useful Jab1 
competitive molecules Which might be used in the present 
assay systems. In particular, in a further preferred embodi 
ment of the present invention, MIF/ J ab1 binding can be tested 
in the presence or absence of such a competitive Jab1 peptide, 
While simultaneously, a candidate drug is also present to be 
tested for its effects on MIF/J ab1 interaction. In another pre 
ferred embodiment these I ab1 truncated molecules may serve 
itself as candidate drugs, i.e. eventually as drugs. 

In a preferred embodiment of the present invention, the 
binding betWeen MIF and J ab1 can, for instance, be explored 
by co-precipitation: MIF is immobilised on beads either 
covalently or non-covalently via e. g. binding of GST-MIF to 
GSH-beads or biotin-MIF to Streptavidin beads or MBP-MIF 
to malate beads (MBP: malate binding protein) and incubated 
With soluble Jab1 in the absence (control) and presence of 
candidate drugs. The suspension is Washed and the amounts 
of Jab1 bound to the solid phase are detected by Western-Blot 
or the like folloWing elution of Jab1 from the complex or J ab1 
is detected in the supernatant; the amounts of Jab1 in the 
presence and absence of candidate drugs are compared. 
The binding betWeen Jab1 and MIF can also, for instance, 

be investigated by co-precipitation: Jab1 is immobilised on 
beads and incubated With soluble MIF in the absence (con 
trol) and presence of drugs. Jab may be bound either 
covalently or non-covalently to the beads via e. g. binding or 
binding of GST-] ab1 to GSH-beads or biotin-J ab1 to Strepta 
vidin beads or binding of MBP-Jabl to malate beads. The 
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suspension is Washed and the amounts of MIF bound to the 
solid phase are detected eg by Western-Blot or the like 
following eluation of MIF from the complex or MIF is 
detected in the supernatant; the amounts of MIF in the pres 
ence and absence of putative or candidate drugs are com 
pared. 

The general concept of these co-precipitation embodi 
ments is incubation of tWo partners, for instance Jabl and 
MIF, Whereby one partner, for instance MIF, is covalently 
bound to GST. The tWo partners, MIF-GST and Jabl Were 
incubated in the presence of a solid phase, for instance GSH 
beads. In this Way the complex of MIF and Jabl can bind to 
the GSH-beads because a non-covalent binding betWeen 
GSH and GST Which is covalently bound to MIF occurs. The 
suspension of solid phase-GSH-beads- and the non-covalent 
bound complex of GST-MIF Which is non-covalent bound to 
Jabl is Washed and then Jabl is eluated by boiling in SDS 
buffer. The supernatant of the suspension is separated by 
SDS-PAGE. The SDS gel is blotted by Westem-Blot and Jabl 
is detected on the blot by anti-Jabl antibodies. 
From this general concept various embodiments are pre 

ferred: 
(i) GSH-beads Were incubated With GST-MIF and Jabl; and 

Jabl bound to GSH-beads via GST-MIF (see above) is 
detected With anti-Jabl antibodies by Western-Blot, 

(ii) MIF-beads Were incubated With Jabl; and Jabl bound to 
the MIF-beads is detected With anti-Jabl antibodies by 
Western-Blot, 

(iii) GSH-beads Were incubated With GST-Jabl and MIF; and 
MIF bound to GSH-beads via GST-Jabl is detected With 
anti-MIF antibodies by Western-Blot, 

(iv) Jabl-beads Were incubated With soluble MIF; and MIF 
bound to Jabl-beads is detected With anti-MIF antibodies 
by Western-Blot, 

(v) Malate-beads Were incubated With MBP-MIF and Jabl; 
and Jabl bound to Malate-beads via MBP-MIF is detected 
With anti-Jabl antibodies by Western-Blot, 

(vi) Malate-beads Were incubated With MBP-Jabl and MIF; 
and MIF bound to Malate-beads via MBP-Jabl is detected 
With anti-MIF antibodies by Western-Blot, 

(vii) Protein A-beads Were incubated With anti-MIF antibod 
ies and MIF and biotin-Jabl; and streptavidin bound to 
Protein A beads is detected by Western-Blot, 

(viii) Protein A-beads Were incubated With anti-MIF antibod 
ies and MIF and Jabl; and Jabl bound to Protein A beads 
is detected With anti-Jabl antibodies by Western-Blot and 

(ix) Dynalbeads-streptavidin Were incubated With biotin 
EGFP-MIF and Jabl; and Jabl bound to Dynalbeads 
streptavidin is detected With anti-Jabl antibodies by West 
ern-Blot. 
The screening for drugs interfering With the MIF/Jabl 

interaction can also be done by a protein array, eg on a 
so-called biochip. For instance MIF is immobilised on a solid 
support, for example a polymeric support or silica Wafer or 
glass slide or nylon membrane, either covalently or non 
covalently via e.g. binding of GST-MIF to a solid GSH 
support or biotin-MIF to a solid Streptavidin-support or 
MBP-MIF to a solid malate-support. In accordance With 
knoWn methods MIF can also be directly immobilised on a 
solid support via amino acid residues such as Lys or Cys or 
similar amino acid residues or via non-natural amino acids, 
Whereby no additional tag molecules are needed. The immo 
bilised MIF protein is then incubated With soluble Jabl in the 
absence (control) or presence of candidate drugs. The in?u 
ence of a candidate drug on the interaction betWeen MIF and 
Jabl can then be detected by methods such as ?uorescence or 
MALDI-MS detection methods. In another embodiment Jabl 
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or Jabl-derived domain is immobilised on a solid support 
either covalently or non-covalently via binding of GST-Jabl 
to a GSH-support or biotin-Jabl to a Streptavidin-support or 
binding of MBP-Jabl to a malate-support or direct covalent 
binding of Jabl Without additional tag molecules via amino 
acid residues such as Lys or Cys or via non-natural amino 
acids. The immobilised Jabl protein is then incubated With 
soluble MIF in the absence or presence of candidate drugs, 
Whereby the in?uence of the candidate drugs on the interac 
tion betWeen MIF and Jabl is detected by ?uorescence or 
MALDI-MS methods. 
The materials used in biochips as supports for MIF or Jabl 

can comprise any polymeric materials, for example nylon. 
These polymeric supports can themselves be ?xed on a 
porous mineral support comprising, for example, a metallic 
oxide such as silica, alumina, magnesia, etc., or natural or 
synthetic derivatives of these oxide such as glasses, silicates, 
borosilicates, kaolin etc. The said polymers can be ?xed on 
the porous mineral support by impregnation, the polymer 
coating then being, if necessary, stabilised by crosslinking in 
accordance With knoWn methods. The crosslinking agent is, 
for example, a dicarbonyl compound, a halohydrin, a diep 
oxide, etc. The polymer supports can also be ?xed on mineral 
supports by means of an intermediate bifunctional coupling 
agent. The desialyled proteins can also be ?xed on the poly 
meric support by means of an appropriate bifunctional cou 
pling agent, in accordance With knoWn methods. The cou 
pling agents are, for example, bifunctional derivatives such as 
cyanogen bromide, dialdehydes, diepoxides, etc. The pro 
teins can also be directly ?xed on the porous mineral support. 
For example, in the case of a silica support, an aminoalkylsi 
lane derivative of silica, is prepared and the desialyled protein 
is ?xed on the aminoalkylsilane using a bifunctional agent 
such as glutaraldehyde; see for example P. J. Robinson et al., 
Biochem. Biophys. Acta, 242, 659-661 (1971). The desia 
lyled proteins can also be ?xed on porous mineral supports in 
accordance With the method described in French patent appli 
cation 77.28l63 (publication No. 2.403.098). This process 
comprises coating a porous mineral support With a polymer 
capable of undergoing a cleavage reaction oxidising the gly 
col groups using oxidising agents such as periodates. A poly 
carbonyl coating is obtained and the ligand, for example, the 
desialyled glycoprotein, can then be ?xed on the carbonyl 
groups formed. If desired, the imine group formed can be 
reduced to the amine. 

In a preferred embodiment, the method for testing the 
interaction, e.g. binding of MIF and Jabl, is an electromobil 
ity shift assay. The MIF-Jabl binding reduces or enhances the 
?exibility/mobility of the c-Jun/DNA or Jabl/c-Jun/DNA 
complexes in a gel (for instance native polyacrylamide gel). 
Shifts of the DNA probe alone or as part of a complex in the 
gel in the absence or presence of candidate drugs can be 
detected by radioactive or ?uorescence labelling of the DNA 
probe. 

In accordance With the present invention the method for 
detecting MIF-Jabl binding also comprises an array of pro 
teins: MIF-Jabl protein binding reduces or enhances the ?ex 
ibility/mobility of MIF and Jabl in a gel (e.g. native poly 
acrylamide gel). Shifts of the proteins (MIF, Jab l, MIF-J ab 1 - 
complex) in the gel in the absence and presence of candidate 
drugs can be detected by radioactive or ?uorescence labelling 
ofMIF and/or Jabl. 

In a preferred embodiment of the present invention, the 
method for detecting the MIF-Jabl binding by chromatogra 
phy also comprises absorbing the MIF in the absence and 
presence of candidate drugs onto a Jabl -chromatographic 
support, and Washing the column With buffer and detecting 






























