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(57) ABSTRACT 

The invention relates to a complex of speci?cally complex 
forming proteins Which are not naturally occurring, com 
prising the following components: a) at least one ligand 
speci?c for a target structure, b) at least one protein com 
prising a mutated dimeriZation domain, the mutated dimer 
iZation domain having been derived by mutation of a natu 
rally occurring dimeriZation domain, it being possible for 
this mutated dimeriZation domain to interact speci?cally 
With component c) and the component b) being connected 
covalently to the component a), c) at least one protein 
comprising a mutated dimeriZation domain, the mutated 
dimeriZation domain having been derived by mutation of a 
naturally occurring dimeriZation domain, it being possible 
for this mutated dimeriZation domain to interact speci?cally 
With component b) and the component c) is linked 
covalently to the component d), and d) at least one effector. 
In addition, the invention relates to the use and preparation 
of these complexes, and to nucleic acid constructs coding for 
the proteins mentioned and use thereof. 
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Figure 3 

Activator subunit A 

Cyclm A NLS TAD c-jun 
promoter (SV40) (VP16) (mutated) 
NS -214 to +100 aa 126-132 aa 411455 aa 276-312 

' Activator subumt B 

?kééihé promoter NLS DB (Gallt) o-fos 
[NS 2014 to -1 82012)( (SV40) aa 1-147 (mutated) 
NS -209 to +51 aa 126-132 aa 160-196 
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Figure 4 

Mutations of c-jun (zipper) 

WilcHype (W1) RIARLEEKVKILKAQNSELASTANMLRFQVAQI KQKV(SEQ 10 NO‘: 22) 
(aa 276-312) \ 

Mutated (m) (E) (E) (1:) 
283 288 302 

Mutations of c-fos (zipper) 

Wild type (wt) LTDTLQA TDQIV DFKSAIVQT IANLLKEKEKLEFIL (SEQ ID NO ' 23) 
(aa 160496) 

Mutated (m) (K) (K) (K) 
167 172 181 
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Figure 5 

The activator-responsive promoter and the effector gene 

Ga|4 Binding Sequence SV40 Effector gene 
5' CGGAGTACTGTCCTCCG promoter (reporter gene 3' 

@EQ ID NO : 21) NS 485191 lygifrereisie) if 

10x 
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NOVEL COMPLEX-FORMING PROTEINS 

1. BACKROUND OF THE INVENTION 

[0001] Complex forming proteins are Widespread in 
nature. 

[0002] Fundamentally, these proteins can be assigned to 
the following groups: 

[0003] antibodies Which, With their antigen-binding 
sites, can bind speci?cally to the corresponding 
epitope of an antigen (Which can also be another 
antibody) 

[0004] protein complexes, such as occur, for 
example, in the activation of the clotting system or of 
the complement system 

[0005] ligand receptor interactions of very different 
types, for example 

[0006] of antigens or their epitopes With the Tcell 
or B-cell receptor 

[0007] of groWth factors, cytokines, chemokines, 
peptide hormones, steroid hormones and media 
tors With their respective receptors 

[0008] of enZymes such as, for example, uPA or 
tPA With its receptor 

[0009] of virus proteins With their respective cell 
receptor 

[0010] 
[0011] protein complexes in signal transmission, con 

trol of the cell cycle and control of the transcription 
of genes 

adhesions betWeen adhesion molecules 

[0012] Numerous examples of this are summariZed in the 
literature, ie by Hardie et al., The Protein Kinase Facts 
Book I and II, Academic Press 1995, Callard et al., The 
Cytokine Facts Book, Academic Press 1994, Pigott et al., 
The Adhesion Molecule Facts Book, Academic Press 1994, 
Barclay et al., The Leukocyte Antigen Facts Book, Aca 
demic Press 1994, Watson et al., G-Protein Linked Receptor 
Facts Book, Academic Press 1994, Hesketh, The Oncogene 
Facts Book, Academic Press 1995, Leid et al., Cell 68, 377 
(1992), Murre et al., Cell 58, 537 (1989), BbeneZa et al., Cell 
61, 49 (1990), Brugge, Curr. Top. Microbiol. Immunolbiol. 
123,1 (1981), Callebaut et al., Proc. Natl. Acad. Sci. USA 
89, 6270 (1992), Nadeau et al., J. Biol. Chem. 268, 1479 
(1993), Burbach et al., Proc. Natl. Acad. Sci. USA 89, 8185 
(1992), Hoffman et al., Science 252, 954 (1991), Stress 
induced Proteins, M. L. Pardue, J. R. Feramisco and S. 
Lindquist Ed, A. R. Liss, NeW York (1989), Eukaryotic 
Transcription Factor, D. S. Lachman, Academic Press 
(1991), Transcriptional Regulations, Eds. S. McKnight and 
K. R. Yamamoto, CSHL Press, Cold Spring Harbor, NY. 
(1992). 
[0013] In some cases, the largely speci?c naturally occur 
ring complexes formed, betWeen at least tWo proteins, are 
utiliZed for the analysis or detection of proteins in the 
diagnosis of diseases (for this see EP 0 491 362 B1) and the 
binding partners of such proteins are used for the prophy 
laxis or therapy of disorders. If one partner of the particular 
protein complexes is available, With the aid of this partner 
the amount of the second or further component, be it, for 
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example, complement or clotting factors, antigens, receptors 
or signal proteins, can be determined. Moreover, speci?c 
protein complexes are utiliZed in the search for small 
molecule activators or inhibitors. In addition, puri?ed anti 
bodies or ligands for receptors, such as, for example, cytok 
ines and peptide hormones, are administered to patients or 
animals for the prophylaxis or therapy of disorders. 

[0014] In the case of these different application possibili 
ties for proteins Which form protein complexes, the speci 
?city With Which the respective proteins enter into complex 
formation and in addition the distribution of the respective 
proteins in the organism is of crucial importance. The loWer 
the speci?city, the more frequently nonspeci?c binding of a 
partner to foreign proteins Will occur. 

[0015] For example, nonspeci?c, i.e. undesired, formation 
of complexes With foreign protein partners is, as is knoWn, 
the main problem of analysis and diagnosis using antibodies. 
Undesired formation of complexes With foreign protein 
partners can also be the cause of side effects in vivo, for 
example after injection of antibodies. In addition, the spe 
ci?c exclusive binding betWeen tWo proteins is an essential 
prerequisite for the production and speci?c function of 
complex transcription factors, in particular of synthetic 
transcription factor complexes, such as have been described 
in the Patent Application EP-A 0 805 209. 

[0016] There is thus a considerable need for novel, highly 
speci?c complex-forming proteins Which do not react With 
foreign partners. 

2. SUMMARY OF THE INVENTION 

[0017] The invention relates to a complex formed from 
speci?cally complex-forming proteins Which are not natu 
rally occuring, Wherein the folloWing components are con 
tained in the complex: 

[001s] 
ture, 

a) at least one ligand speci?c for a target struc 

[0019] b) at least one protein comprising a mutated 
dimeriZation domain, the mutated dimeriZation domain 
having been derived, i.e, obtained, by mutation of a 
naturally occurring dimeriZation domain, it being pos 
sible for this mutated dimeriZation domain to interact 
speci?cally, i.e., bind speci?cally, With component c) 
and the component b) being bonded covalently to the 
component a), 

[0020] c) at least one protein comprising a mutated 
dimeriZation domain, the mutated dimeriZation domain 
having been derived, i.e., obtained, by mutation of a 
naturally occurring dimeriZation domain, it being pos 
sible for this mutated dimeriZation domain to interact 
speci?cally, i.e., bind speci?cally, With component b) 
and the component c) being bonded covalently to the 
component d), and 

[0021] d) at least one effector. 

[0022] According to the invention, a characteristic of the 
components b) and c) is that in naturally occurring peptides 
or proteins of identical or different type amino acids are 
replaced or inserted such that the peptides or proteins 
mutated in this Way can complex virtually only exclusively 
With one another. A complexation of peptides or proteins 
mutated in this Way With the corresponding nonmutated 
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Wild-type proteins or peptides does not occur, however. In 
this Way, homodimers or heterodimers of mutated mono 
mers (mutated peptides or proteins) can be formed. 

[0023] The mutations in the binding domains of the iden 
tical or different proteins therefor have the purpose of 
preventing the ability for complex formation betWeen an 
unmutated monomer and a mutated monomer of a pair of 
identical or different proteins or peptides Which Would 
complex in the unmutated state. At the same time, the 
mutations impart to such a pair of mutated proteins the 
ability to bind to one another With high speci?city. The 
mutations thus occur in pairs, Where one mutation is present 
in component b), the other in component c), i.e. such that a 
molecular interaction is possible betWeen the respective 
amino acids of such a pair. 

[0024] Amino acids according to the invention inserted 
into naturally occurring peptides or proteins can be, for 
example (the listing in pairs is intended to indicate the 
molecular interaction in the context of a dimeric protein 
complex): 

Component b) or c) Component c) or b) 

3-18 cysteines 
3-24 basic amino acids such as 

3-18 cysteines 
3-24 acidic amino acids such as 

histidine, asparagine, 
arginine, asparic acid, 
lysine glutamine, 

glutamic acid 
3-24 hydrophobic amino acids 3-24 aromatic amino acids 

such as phenylalanine, 
methionine, tyrosine, 
isoleucine, tryptophan 
leucine, 
valine 

3-24 aromatic amino acids 3-24 aromatic amino acids 

[0025] The starting proteins for components b) and c) can 
be identical or different here. 

[0026] In a preferred embodiment, the binding constant of 
a complex of tWo proteins according to the invention is at 
least KM=10_7 mol 1'1, preferably at least KM=10_8 mol 1'1. 

[0027] Within the meaning of this invention, the folloWing 
identical or unidentical partners (for the production of 
component b) or c) and With the aim of binding het 
erodimers), for example, are preferably mutated in their 
respective binding domain and these or the entire protein are 
used: 

Component b) or c) Component c) or b) 

Fos Jun or Jun B or Jun D 

FRAU-l Jun or Jun B or Jun D 

FRAU-2 Jun or Jun B or Jun D 

FOS-B Jun or Jun B or Jun D 

OCT-1 Jun or Jun B or Jun D 

NFKB (p 65) IKB 
Ras RAF 

bcl-2 bad or bax 
cyclin A cdk1 
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-continued 

Component b) or c) Component c) or b) 

CD40 CD4OL 
Myc Max 
Myc N Max 
Myc L Max 
p 105 (Rb1) AFF-2, E1A 
p 107 (Rb2) E7, E2F or Myc 
p 130 E7, E2F or Myc 
CBL Gag 
TRP TRP 
Met Met 
Myb p 67 or p 160 
VAV p 67 or p 160 

AFC OL- or [5-Catenin 
APC APC 
VD receptor h-(Retinoid x-receptor) RXR 0L or [5 
T3 receptor HRXR 0L or [5 
MyoD E12 
E12 Id 
E47 Id 
hHSP9O Progesterone receptor 
hHSP9O Glucocorticoid receptor 
hHSP9O Mineral corticoid receptor 
hHSP9O Dioxin receptor 
Dioxin receptor Arnt 

HSP9O Cyclosporin-binding protein 
HPS9O ppeov'm 
HSP7O HSF1 Heat shock factor 1 
HSP7O HSF2 Heat shock factor 2 

[0028] Those protein pairs are to be preferred Which 
naturally have a helix-loop-helix/leucine Zipper binding 
sequence. 

[0029] The invention additionally relates to the very dif 
ferent uses of these complex-forming proteins according to 
the invention, for example 

[0030] as multivalent protein complexes for prophy 
laxis and therapy 

[0031] as multivalent ligands for vectors for gene 
therapy 

[0032] as synthetic transcription factors for control of 
the expression of genes 

[0033] 
[0034] It is understood that these applications can either be 
accomplished in vivo or in vivo. Furthermore, it is under 
stood that the gene therapy applications can be for either in 
vivo or ex vivo gene therapy, as these techniques are 
understood in the art. 

[0035] In this context, the components a) and d) are 
selected depending on the chosen type of use. 

and as diagnostic or analytical systems. 

[0036] The invention relates particularly to novel com 
plex-forming proteins, Wherein the amino acids mentioned 
have been inserted into proteins Which naturally form 
homodimers or heterodimers, such that these proteins (com 
ponents b) and c)) mutated in this Way only form complexes 
With themselves (homodimers) or With the correspondingly 
mutated partner (heterodimers), but no longer With the 
naturally occurring, nonmutated starting proteins. 

[0037] Novel complex-forming proteins containing the 
components a), b), c) and d) can be used in, for example, tWo 
embodiments. 
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[0038] In the ?rst embodiment (see FIG. 1a), the compo 
nent b) is a homo- (or hetero)multimer [component b)1-b)n], 
to Which the corresponding identical (or different) compo 
nents c) in each case bind, in each case as a monomer and 
in each case linked to the component d). 

[0039] With this embodiment, many components d) 
(effectors) are bound to the target structure. 

[0040] In the second embodiment (see FIG. 2), both the 
component b) and the component c) are multimers, only one 
or a feW components d) being bound to the component c). 
Although With this embodiment only a feW components d) 
(effectors) are bound to the target structure, the binding 
betWeen the components c) and d) is extremely strong, 
Which can increase the speci?city of the binding of the 
components c) and d) to the target structure. 

[0041] The invention relates to novel, complex-forming 
proteins consisting of the components a), b), c) and d), and 
also nucleic acid constructs Which code for these complex 
forming proteins. The invention likeWise relates to com 
plexes consisting of the components d), b), c) and d), ie the 
component a) is replaced by d), and nucleic acid constructs 
coding therefor. 

[0042] In addition, the invention relates to a complex 
consisting of the components a), b), c) and a); ie the 
component d) is replaced by a), and nucleic acid constructs 
coding therefor. 

[0043] The invention furthermore also relates to complex 
forming proteins consisting of the components a), b), c) and 
d) or variants thereof described above, Which additionally 
contain a fusogenic peptide, a translocation peptide or, 
betWeen the components c) and d) or a) and b), a cleavage 
sequence for a protease, and nucleic acid constructs coding 
therefor. 

[0044] All such nucleic acid constructs of this type can be 
introduced into bacteria, yeasts or mammalian cells With the 
aid of viral or nonviral vectors knoWn to the person skilled 
in the art. 

[0045] Cells of this type can be used for the preparation of 
the protein according to the invention or even administered 
for the purpose of the prophylaxis or therapy of an organism. 

[0046] Nucleic acid constructs of this type, inserted in a 
vector, hoWever, can also be administered directly to an 
organism for the purpose of prophylaxis or therapy. 

[0047] The invention furthermore relates to the prepara 
tion of one of the above-mentioned complexes, in Which a 
protein of this complex is expressed With the aid of a nucleic 
acid construct coding therefor and a further protein of this 
complex, Which is different from the ?rst, is expressed With 
the aid of a nucleic acid construct coding therefor, and the 
expressed proteins are isolated and complexed With one 
another. In the case of complexes consisting of homodimers 
or homooligomers, the preparation is carried out Without the 
expression of a second protein Which is different from the 
?rst. 

[0048] The invention further relates to: 

[0049] A complex comprising the folloWing components: 

[0050] a) at least one ligand speci?c for a target 
structure; 
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[0051] b) at least one protein comprising a mutated 
dimeriZation domain obtained by mutation of a natu 
rally occurring dimeriZation domain, Wherein the 
mutated dimeriZation domain binds speci?cally With 
component c) and the component b) is covalently 
bonded to the component a); 

[0052] c) at least one protein comprising a mutated 
dimeriZation domain obtained by mutation of a natu 
rally occurring dimeriZation domain, Wherein the 
mutated dimeriZation domain binds speci?cally With 
the component b) and the component c) is covalently 
bonded to component d); and 

[0053] d) at least one effector; 

[0054] Wherein the components b) and c) are not 
naturally occurring proteins. 

[0055] The above complex, Wherein the component a) is 
replaced by the component d). 

[0056] The above complex, Wherein the component d) is 
replaced by the component a). 

[0057] The above complex, Which further comprises a 
fusogenic peptide or a translocaliZation peptide. 

[0058] The above complex, Which further comprises a 
cleavage sequence for a protease betWeen the components c) 
and d) or a) and b). 

[0059] The above complex, Wherein the component a) is 
selected from the group consisting of: a groWth factor, a 
cytokine, TNF, a chemokine, a peptide hormone, a mediator, 
a steroid hormone, a vitamin, a complement factor, a clotting 
factor, a kinin system factor, a ?brinolysis system factor, a 
plasmatic enZyme, a cell enZyme, a plasmatic enZyme 
inhibitor, a cell enZyme inhibitor, a virus coat protein, a cell 
receptor for the afore-mentioned molecules, an antibody, an 
antibody cleavage product, a DNA binding protein, a DNA 
binding domain of a transcription factor and an activation 
domain of a transcription factor. 

[0060] The above complex, Wherein the components b) 
and c) are obtained by mutating the naturally occurring 
dimeriZation domains of proteins Which bind naturally to 
one another. 

[0061] The above complex, Wherein the naturally occur 
ring dimeriZation domains of components b) and c) are 
selected from the group of naturally dimeriZing partners 
consisting of: 

Fos Jun or Jun B or Jun D; 
FRAU-l Jun or Jun B or Jun D; 
FRAU-Z Jun or Jun B or Jun D, 
FOS-B Jun or Jun B or Jun D; 
OCT-1 Jun or Jun B or Jun D; 

NFKB (p 65) IKB; 
Ras RAF; 

bcl-Z bad or bax; 
Cyclin A cdkl; 

CD40 CD4OL; 
Myc Max; 
Myc N Max; 
Myc L Max; 
p 105 (Rbl) AFF-Z, E1A; 
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-continued 

p 107 (Rb2) E1, E2F or Myc; 
p 130 E1, E2F or Myc; 
CBL Gag; 
TRP TRP; 
Met Met; 
Myb p 67 or p 160; 
VAV p 67 or p 160; 
AFC or or [5-Catenin; 
APC APC; 
VD receptor h-(Retinoid x-receptor) RXR 

or or [5; 
T3 receptor HRXR or or [5; 
MyoD E12; 
E12 Id; 
E47 Id; 
HHSP9O Progesterone receptor; 
HHSP9O Glucocorticoid receptor; 
HHSP9O Mineralocorticoid receptor; 
HHSP9O Dioxin receptor; 
Dioxin receptor Arnt; 
HPS9O FKBP59; 
HSP9O Cyclosporin-binding protein; 
HPS9O Pp60“SIC 
HSP7O HSF1 heat shock factor 1; and 
HSP70 HSF2 heat shock factor 2. 

[0062] The above complex, wherein the naturally dimer 
iZing partners belong to the helix-loop-helix/leucine Zipper 
family of proteins. 

[0063] The above complex, Wherein the mutated dimer 
iZation domains are obtained by inserting: 

[0064] 3-18 cysteines in the naturally occurring 
dimeriZation domain in at least one of the proteins of 
component b) and in at least one of the proteins of 
component c); 

[0065] 3-24 basic amino acids in the naturally occur 
ring dimeriZation domain in at least one of the 
proteins of component b) and 3-24 acidic amino 
acids in the naturally occurring dimeriZation domain 
in at least one of the proteins of component c); 

[0066] 3-24 basic amino acids in the naturally occur 
ring dimeriZation domain in at least one of the 
proteins of component c) and 3-24 acidic amino 
acids in the naturally occurring dimeriZation domain 
in at least one of the proteins of component b); 

[0067] 3-24 hydrophobic amino acids in the naturally 
occurring dimeriZation domain in at least one of the 
proteins of component b) and 3-24 aromatic amino 
acids in the naturally occurring dimeriZation domain 
in at least one of the proteins of component c); 

[0068] 3-24 hydrophobic amino acids in the naturally 
occurring dimeriZation domain in at least one of the 
proteins of component c) and 3-24 aromatic amino 
acids in the naturally occurring dimeriZation domain 
in at least one of the proteins of component b); and/or 

[0069] 3-24 aromatic amino acids in the naturally 
occurring dimeriZation domain in at least one of the 
proteins of component b) and 3-24 aromatic amino 
acids in the naturally occurring dimeriZation domain 
in at least one of the proteins of component c). 
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[0070] The above complex, in Which the components b) 
and c) are mutated binding domains of c-fos and c-jun, 
comprising the folloWing mutations: 

c-fos amino acid 

c-jun amino acid 

[0071] The above complex, Wherein the component d) is 
selected from the group consisting of: inhibitors of cell 
proliferation, apoptosis-inducing proteins, cytostatic pro 
teins, cytotoxic proteins, coagulation-inducing factors, 
angiogenesis-inducing factors, angiogenesis-inhibiting fac 
tors, groWth factors, cytokines, chemokines, interleukins, 
interferons, complement factors, clotting factors, ?brinoly 
sis-inducing proteins, peptide hormones, mediators, bacte 
rial proteins, receptors, viral antigens, parasitic antigens, 
tumor antigens, autoantigens, tissue antigens, adhesion mol 
ecules, antibodies, antibody cleavage products, enzymes for 
reacting With a signal-emitting component, enzymes for 
converting a precursor of an active substance into an active 
substance, ?uorescent dyes, isotopes, metal-binding pro 
teins, and a DNA-binding domain. 

[0072] A method for treating diseased cells, Wherein the 
disease results from in?ammation, autoimmune diseases, 
defective formation of blood cells, nervous system damage, 
blood-clotting system disorders, blood circulation system 
disorders, tumor formation, viral infections, or bacterial 
infections, comprising administering the above complex to 
the cells. 

[0073] A method for introducing a vector into a cell of an 
organism or cell culture, comprising binding the above 
complex to a viral or nonviral vector and introducing the 
vector into the cell of an organism or a cell culture in a 
cell-speci?c manner. 

[0074] A method of detecting the presence or amount of a 
reactant in vitro or in vivo, comprising contacting the above 
complex With the reactant, either in vivo or in vitro, Wherein 
the component a) binds to the reactant and the component d) 
emits a signal, such that the presence or amount of the 
reactant is detected by measuring the amount of the emitted 
signal. 
[0075] Anucleic acid construct coding for a protein of the 
above complex. 

[0076] The nucleic acid construct as above, coding for an 
activator subunit of an activator-responsive promoter unit. 

[0077] Ahost cell comprising the nucleic acid construct as 
above. 

[0078] The host cell as above, selected from the group 
consisting of a bacterium, a yeast and a mammalian cell. 

[0079] A method of expressing a protein of the above 
complex, comprising expressing a nucleic acid encoding the 
protein in a host cell under conditions such that the protein 
is expressed in a detectable amount. 

[0080] A method of producing a complex betWeen the 
component b) and the component c) as in the above com 
plex, comprising: 
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[0081] (a) expressing the at least one protein of the 
component b) by translating a nucleic acid construct 
encoding the protein; 

[0082] (b) expressing the at least one protein of the 
component c) by translating a nucleic acid construct 
encoding the protein; 

[0083] (c) isolating the proteins of steps (a) and (b); 

[0084] (d) contacting the at least one protein of step 
a) With the at least one protein of step b) under 
conditions such that the proteins bind to one another. 

[0085] The above complex, Wherein the antibody cleavage 
product is selected from the group consisting of: F(ab)2, a 
single-chain Fv, a single-chain, a double antigen-binding 
molecule, and an Fc fragment. 

[0086] The above complex, Wherein the receptor is 
selected from the group consisting of receptors for: groWth 
factors, cytokines, chemokines, interleukins, interferons, 
complement factors, clotting factors, ?brinolysis-inducing 
proteins, peptide hormones, steroid hormones, mediators, 
and virus coat proteins. 

[0087] The above complex, Wherein the antibody cleavage 
product is selected from the group consisting of: F(ab)2, Fab, 
single-chain Fv, and single-chain double antigen-binding 
proteins. 
[0088] A vaccine comprising the above complex. 

[0089] A complex comprising the folloWing components: 

[0090] a) at least one ligand speci?c for a target 
structure; 

[0091] b) at least one protein comprising a mutated 
dimeriZation, Wherein the mutated dimeriZation 
domain binds speci?cally With component c) and the 
component b) is covalently bonded to the component 
a); 

[0092] c) at least one protein comprising a mutated 
dimeriZation domain, Wherein the mutated dimeriZa 
tion domain binds speci?cally With the component b) 
and the component c) is covalently bonded to com 
ponent d); and 

[0093] d) at least one effector; 

[0094] Wherein the components b) and c) are not 
naturally occurring proteins. 

[0095] The above complex, Wherein at least one protein of 
component b) binds speci?cally With at least one protein of 
component c) With a binding constant of at least a KM of 
10 mol I_1. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0096] FIG. 1: 

[0097] (a) Schematic representation of the novel 
complex-forming proteins, possibility 1 

[0098] (b) Variant of possibility 1 

[0099] FIG. 2: Schematic representation of the novel 
complex-forming proteins possibility 2. 

[0100] FIG. 3: Activator responsive promoter units A and 
B according to the examples. 
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[0101] FIG. 4: Mutations of c-jun and c-fos according to 
the examples. 

[0102] FIG. 5: The activator-responsive promoter and the 
effector gene. 

[0103] FIG. 6: Nucleic acid constructs for the expression 
of the complex-forming proteins according to the invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0104] As used herein, the term “binds speci?cally” When 
referring to the binding of a protein of component b) to a 
protein of component c) refers, preferably, to a binding 
constant of at least KM=10_7 mol I_1, or at least approxi 
mately KM=10_7 mol I_1, and more preferably at least 
KM=10_8 mol I_1, or at least approximately KM=10_8 mol 
I_1. In a further preferred embodiment, “binds speci?cally” 
connotes that the mutated binding domain Will not bind, or 
Will have essentially no binding, to the naturally occuring 
binding domain to Which it binds in nature. 

[0105] As used herein, the term “inserted” When referring 
to the insertion of mutations into naturally occurring dimer 
iZation domains connotes in a preferred embodiment that a 
substitution mutation is made by substituting or exchanging 
or replacing a naturally occuring amino acid With a different 
encodable amino acid. The insertion of the mutations 
described herein also includes addition mutations, meaning 
that the described insertion adds one or more additional 
amino acids to the naturally occuring binding domain. 

[0106] 3. Multivalent Protein Complexes for Prophylaxis 
and Therapy 

[0107] The present invention relates to the use of the 
protein complexes according to the invention for the pro 
phylaxis or therapy of a disorder. In this context, the 
component a) is a ligand for the target structure. This target 
structure can be present on a cell membrane, in the extra 
cellular matrix or in a tissue or blood ?uid. 

[0108] According to the invention, the component a) can 
be 

[0109] 
[0110] groWth factors such as VEGF, PDGF, EGF, 

TGFot, TGFB, KGF, SDGF, FGF, IGF, HGF, NGF, 
BDNF, neurotrophins, BMF, bombesin, M-CSF, 
thrombopoietin, erythropoietin, SCF, SDGF, 
oncostatin, PDEGF, endothelin-l 

[0111] cytokines such as IL-1, IL-2, IL-3, IL-4, 
IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-11, IL-12, 
IL-13, IL-14, IL-15 

[0112] 
[0113] tumor necrosis factors TNFot, -[3 

[0114] chemokines such as RANTES, MCAF, 
MIP-lO. or -[3, NAP, [3-thromboglobulin 

[0115] peptide hormones such as SRH, SIH or 
STH, MRH or MSH, PRH, PIH or prolactin, 
GnRH, LH-RH, FSH-RH, LH/ICSH or FSH, TRH 
or TSH, CRH or ACTH 

[0116] angiotensin, kinins, histamine, homologs or 
analogs thereof 

a ligand for a cell receptor, for example 

interferon 0t, [3 and y 
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[0117] steroid hormones such as estrogens, 
gestagens, androgens, glucocorticoids, mineralo 
corticoids, homologs or analogs thereof 

[0118] vitamins such as, for example, folic acid 

[0119] In the context of the present invention, the com 
ponent a) can also be an adhesion molecule, a part of the 
adhesion molecule or an analog of an adhesion molecule 
Which binds to a corresponding adhesion molecule on the 
cell membrane or to another speci?c binding structure for an 
adhesion molecule on the target cell. 

[0120] Adhesion molecules of this type capable of func 
tioning as component a) are, for example 

[0121] LeWis X (for GMP-140) 

[0122] S-LeWis X (for ELAM-l). 

[0123] LFA-l (for ICAM-1 and ICAM-2) 

[0124] MAC-1 (for ICAM-l) 

[0125] VLA-4 (for VCAM-l) 

[0126] PECAM (for PECAM) 

[0127] Vitronectin (for the vitronectin receptor) 

[0128] GMP-140 (for LeWis X) 

[0129] S-LeWis X (for ELAM-l) 

[0130] ICAM-l, ICAM-2 (for LFA-l, MAC-1) 

[0131] VCAM-l (for VLA-4) 

[0132] Fibronectin (for VLA-4) 

[0133] Laminin (for VLA-6) 

[0134] Fibronectin, laminin (for VLA-l, VLA-2, 
vLA-3) 

[0135] 

[0136] 

[0137] 

[0138] 

[0139] 

[0140] 
[0141] In the context of the present invention, the com 
ponent a) can also be a protein Which is bound to a partner 
protein and thereby participates in a biological reaction 
chain, for example a complement factor, a clotting factor, a 
factor of the kinin system, of the ?brinolysis system or a 
plasmatic or cell enZyme inhibitor or a plasmatic or cell 
enzyme. 

[0142] In the context of the present invention, the com 
ponent a) can also be a receptor for one of the proteins 
mentioned beforehand. 

[0143] In the context of the present invention, the com 
ponent a) can also be the extracellular portion of an Fc 
receptor (Dougherty et al., Transfusion Science 17, 121 
(1996)), to Which an antibody speci?c for the target cell is 
bouned via its Fc portion. 

Fibronectin (for VLA-4) 

Fibrinogen (for GPIIb-IIIa) 

B7 (for CD28) 

CD28 (for B7) 

CD40 (for CD40L) 

CD40L (for CD40) 

Mar. 20, 2003 

[0144] In the context of the present invention, the com 
ponent a) can also be an antibody molecule or the epitope 
binding part of an antibody molecule. Human antibodies are 
to be preferred. 

[0145] The murine monoclonal antibodies can be 
employed in humaniZed form. HumaniZation is carried out 
in the manner shoWn by Winter et al. (Nature 349, 293 
(1991)) and Hoogenbooms et al. (Rev. Tr. Transfus. Hemo 
biol. 36, 19 (1993)). Antibody fragments are prepared 
according to the prior art, for example in the manner 
described by Winter et al., (Nature 349, 293 (1991)), Hoo 
genboom et al. (Rev. Tr. Transfus. Hemobiol. 36, 19 (1993), 
Girol, Mol. Immunol. 28, 1379 (1991)) or Huston et al. (Int. 
Rev. Immunol. 10, 195 (1993)). 

[0146] Recombinant antibody fragments are prepared 
directly from existing hybridomas or are isolated from 
libraries of murine or human antibody fragments With the 
aid of “phage display” technology. These antibody frag 
ments are then employed at the genetic level directly for 
further manipulations (e.g. fusion With other proteins). 

[0147] For the production of recombinant antibody frag 
ments from hybridomas, the genetic information Which 
codes for the antigen-binding domains (VH, VL) of the 
antibodies is obtained by isolation of the mRNA, reverse 
transcription of the RNA into cDNA and subsequent ampli 
?cation by means of polymerase chain reaction and oligo 
nucleotides complementary to the 5‘ or 3‘ ends of the 
variable fragments. The VH and VL fragments are then 
cloned into bacterial expression vectors, eg in the form of 
Fv fragments, single-chain Fv fragments (scFv) or as Fab 
fragments. 
[0148] Novel antibody fragments can also be isolated 
directly from antibody libraries (immunolibraries, native 
libraries) of murine or human origin by means of the 
“phage-display” technology. In the “phage display” of anti 
body fragments, the antigen-binding domains are cloned as 
fusion proteins With the coat protein g3P of ?lamentous 
bacteriophages either into the phage genome or into 
phagemid vectors in the form of scFv fragments or as Fab 
fragments. Antigen-binding phages are selected on antigen 
coated plastic containers (“panning”), on antigen-conju 
gated, paramagnetic beads or by binding to cell surfaces. 

[0149] Immunolibraries are prepared by PCR ampli?ca 
tion of the variable antibody fragments from B lymphocytes 
of immuniZed animals or patients. For this, combinations of 
oligonucleotides Which are speci?c for murine or human 
immunoglobulin genes or for the human immunoglobulin 
gene families are used. 

[0150] Using nonimmuniZed donors as the source of the 
immunglobulin genes, native libraries can be prepared. 
Alternatively, immunglobulin germ line genes can be 
employed for the preparation of semisynthetic antibody 
repertoires, the complementarity-determining region 3 of the 
variable fragments being replaced by PCR With the aid of 
degenerated primers. These so-called single pot libraries 
have the advantage, compared With immunolibraries, that 
antibody fragments against a large number of antigens can 
be isolated from a single library. 

[0151] The af?nity of antibody fragments can be further 
increased by means of the phage display technology, neW 
libraries of already existing antibody fragments being pre 
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pared by random, codon-based or targeted mutagenesis, by 
chain shuffling of individual domains With fragments from 
native repertoires or With the aid of bacterial mutator strains 
and antibody fragments having improved properties being 
isolated by reselection under stringent conditions. In addi 
tion, murine antibody fragments can be humanized by 
stepWise replacement of one of the variable domains by a 
human repertoire and subsequent selection using the original 
antigen (guided selection). Alternatively, the humaniZation 
of murine antibodies is carried out by target-directed 
replacement of the hypervariable regions of human antibod 
ies by the corresponding regions of the original murine 
antibody. 

[0152] According to the invention, at least tWo identical or 
different ligands for the target structure, eg on the target 
cell, can be contained in the ligand according to the inven 
tion (component a). A particular form of bispeci?c or 
multispeci?c, recombinant antibodies are single-chain, 
double- or multiple-antigen-binding molecules. The prepa 
ration of these molecules Was described in the Patent Appli 
cation DE 19816141.7 (not published). In this patent appli 
cation, reference is made expressly, for example, to the 
preparation of the component a). 

[0153] In the context of the present invention, the com 
ponent a) can also be the coat protein or a part of the coat 
protein of viruses Which speci?cally bind to selected cells by 
means of their coat protein. 

[0154] The choice of the component a) depends on the 
target structure to Which the complex-forming protein 
according to the invention is to bind. 

[0155] Examples of these are: 

[0156] Ligands for Activated Endothelial Cells 

[0157] Within the meaning of the invention, these include 
antibodies or antibody fragments, directed against mem 
brane structures of endothelial cells, such as have been 
described, for example, by BurroWs et al. (Pharmac. Ther. 
64, 155 (1994), Hughes et al. (Cancer Res. 49, 6214 (1989)) 
and Maruyama et al. (PNAS-USA 87, 5744 (1990)). In 
particular, these include antibodies against the VEGF recep 
tors. 

[0158] The ligands additionally include all active com 
pounds Which bind to membrane structures or membrane 
receptors on endothelial cells. These include, for example, 
substances Which, terminally, contain mannose, in addition 
IL-1 or groWth factors or fragments thereof or subsequences 
of them, Which bind to receptors expressed by endothelial 
cells, such as, for example, PDGF, bFGF, VEGF, TGFB 
(PusZtain et al., J. Pathol. 169, 191 (1993)). 

[0159] In addition, these include adhesion molecules 
Which bind to activated and/or proliferating endothelial 
cells. Adhesion molecules of this type, such as, for example, 
Slex, LEA-1, MAC-1, LECAM-1, VLA-4, vitronectin or 
RGD peptides have already been described (revieWs in 
Augustin-Voss et al., J. Cell Biol. 119, 483 (1992), Pauli et 
al., Cancer Metast. Rev. 9, 175 (1990), Honn et al., Cancer 
Metast. Rev. 11,353 (1992)). 

[0160] The ligands Within the meaning of this invention in 
particular include coat glycoproteins of viruses Which have 
a tropism for endothelial cells. These viruses include, for 
example: 
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[0161] Filoviruses, for example 

[0162] 
[0163] With its coat protein GP (glycoprotein) 

and sGP (second glycoprotein) 

[0164] or the Ebola virus 

the Marburg virus 

[0165] in each case With its coat protein GP and 
sG 

[0166] the cytomegalovirus 

[0167] particularly With its gB protein 

[0168] the herpes simplex virus type I 

[0169] the HIV-1 virus 

[0170] the measles virus 

[0171] the Hantaan virus 

[0172] alphaviruses, such as Semliki forest virus 

[0173] 

[0174] 
[0175] enteroviruses (such as, for example, Echo 9, 

Echo 12, Coxsackie B3) 

the epidemic, hemorrhagic fever virus 

the polio virus 

[0176] Ligands for Activated Macrophages and/or Acti 
vated Lymphocytes 

[0177] The ligands Within the meaning of the invention 
include further substances Which speci?cally bind to the 
surface of immune cells. These include antibodies or anti 
body fragments directed against membrane structures of 
immune cells, such as have been described, for example, by 
PoWelson et al. (Biotech. Adv. 11, 725 (1993)). 

[0178] In addition, the ligands also include monoclonal or 
polyclonal antibodies or antibody fragments Which bind 
With their antigen-binding variable portion to Fc-y or Fc-e or 
Fc-p receptors of immune cells (Roj anasakul et al., Pharm. 
Res. 11, 1731 (1994)). 

[0179] In addition, this includes the Fc fragment of human 
monoclonal or polyclonal immunoglobulin. Fc fragments of 
this type are prepared, for example, by genetic engineering 
With the aid of recombinant DNA or according to the 
methods of Haupt et al. (Klin. Wschr. 47, 270 (1969)), KranZ 
et al. (Dev. Biol. Standard 44, 19 (1979)), Fehr et al. (Adv. 
Clin. Pharmac. 6, 64 (1974)) or Menninger et al. (Immu 
nochem. 13, 633 (1976)). 

[0180] The ligands additionally include all substances 
Which bind to membrane receptors on the surface of immune 
cells. These include cytokines such as, for example, IL-1, 
IL-2, IL-3, IL-4, IL-6, IL-10, TNFot, GM-CSF, M-CSF, in 
addition groWth factors such as, for example, EGF, TGF, 
FGF, IGF or PDGF or fragments thereof or subsequences of 
them Which bind to receptors expressed by immune cells. 
These additionally include adhesion molecules and other 
ligands Which bind to cell membrane structures, such as, for 
example, to the mannose 6-phosphate receptor on macroph 
ages in the spleen, liver, lung and other tissues. 

[0181] A selection of these ligands and membrane struc 
tures are clearly described in Perales et al. (Eur. J. Biochem. 
226, 255 (1994)). 
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[0182] The ligands Within the meaning of this invention, 
however, also include coat glycoproteins of those viruses 
Which have a tropism for lymphocytes and/or macrophages. 

[0183] These viruses infecting macrophages include, for 
example: 

[0184] HIV-1 

[0185] particularly those strains having mutations 
in the V3 region of gp120, Which lead to an 
increased binding to macrophages 

[0186] HIV-2 

[0187] Hanta viruses, for example the Punmala virus 

[0188] cytomegalovirus 
[0189] respiratory syncytial virus 

[0190] herpes simplex virus 

[0191] ?loviruses. 

[0192] The viruses infecting lymphocytes include, for 
example: 

[0193] varicella zoster virus (VZV); 

[0194] VZV particularly infects T cells 

[0195] herpes virus 6 (HHV-6); 

[0196] HHV-6 particularly infects T cells 

[0197] 
[0198] the rabies virus coat protein particularly 

binds to TH2 cells 

[0199] HIV-1; 
[0200] the glycoprotein gp120 preferably binds to 

the CD4 molecule of T cells 

[0201] HTLV-II; 
[0202] HTLV-II particularly infects B cells 

[0203] HTLV-I; 
[0204] HTLV-I particularly infects T cells 

[0205] 
[0206] in?uenza C viruses bind by means of the 

hemagglutinin esterase fusion protein to 
N-acetyl-9-O-acetylneuraminic acid (Neu 5,9 Ac), 
Which preferably occurs on B lymphocytes, to a 
lesser extent or not on T lymphocytes 

[0207] in?uenza C viruses having a mutation in the 
nucleotide position 872 (Which encodes the position 
284 of the HEF of the amino acid sequence), for 
example a replacement of the threonine by isoleu 
cine. The surface protein HEF having this mutation 
has a distinctly stronger a?inity for the N-acetyl-9 
O-acetylneuraminic acid receptor than the Wild virus 

[0208] HEF cleavage products of the in?uenza C 
virus, Which contain the binding structure for 
N-acetyl-9-O-acetylneuraminic acid. This binding 
structure is de?ned by the catalytic triad serine 71, 
histidine 368 or 369 and aspartic acid 

[0209] Epstein-Barr virus; 
[0210] EBV particularly infects B cells 

rabies virus; 

in?uenza C viruses; 
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[0211] herpes simplex virus-2; 
[0212] HSV-2 particularly infects T cells 

[0213] 
[0214] Ligands for Muscle Cells 

[0215] These include, for example, antibodies or antibody 
fragments directed against membrane structures of muscle 
cells, in particular of smooth muscle cells. Antibodies of this 
type are, for example 

[0216] the antibody 10F3 

[0217] 
[0218] 
[0219] 

[0220] or antibodies directed, for example, against 

[0221] 
[0222] 
[0223] 
[0224] 

[0225] The ligands additionally include all active sub 
stances Which bind to membrane structures or membrane 
receptors on muscle cells (revieW in Pusztai et al., J. Pathol. 
169, 191 (1993), Harris, Curr. Opin. Biotechnol. 2, 260 
(1991)). For example, these include groWth factors or frag 
ments thereof or subsequences of them Which bind to 
receptors expressed by smooth muscle cells such as, for 
example 

measles virus 

antibodies against actin 

antibodies against angiotensin II receptors 

antibodies against receptors for groWth factors 

EGF receptors 

or against PDGF receptors 

or against FGF receptors 

or antibodies against endothelin A receptors. 

[0226] PDGF 

[0227] EGF 

[0228] TGFB 
[0229] TGFO. 

[0230] FGF 

[0231] endothelin A 

[0232] The ligands Within the meaning of this invention, 
hoWever, also include glycoproteins of the coat of those 
viruses Which have a tropism for muscle cells. These viruses 
include, for example, the cytomegalovirus. 

[0233] Ligands for Hematogenic Cells 

[0234] The ligands include antibodies or antibody frag 
ments directed against receptors expressed on poorly differ 
entiated blood cells. 

[0235] Antibodies of this type have been described, for 
example, for the folloWing receptors: 

[0236] 
[0237] 
[0238] 
[0239] 
[0240] 
[0241] 
[0242] 

stem cell factor receptor 

IL-1 receptor (type I) 

IL-1 receptor (type II) 

IL-3 receptor 01 

IL-3 receptor [3 

IL-6 receptor 

GM-CSF receptor. 
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[0243] In addition, the ligands also include monoclonal or 
polyclonal antibodies or antibody fragments Which, With 
their constant domains, bind to Fc-y receptors of immune 
cells. 

[0244] The ligands additionally include all substances 
Which bind to membrane structures or membrane receptors 
on the surface of poorly differentiated blood cells. For 
example, these include groWth factors, such as SCF, IL-1, 
IL-3, IL-6, GM-CSF or fragments thereof or subsequences 
of them Which bind to receptors expressed by blood cells. 

[0245] Ligands for Synovial Cells and In?ammatory Cells 

[0246] These include monoclonal or polyclonal antibodies 
or antibody fragments Which bind With their variable 
domains to membrane structures of synovial cells or in?am 
matory cells. Such membrane structures are, for example, 

[0247] 
[0248] 

[0249] 

vimentin 

?bronectin or 

Fc receptors. 

[0250] These also include monoclonal or polyclonal anti 
bodies or antibody fragments Which bind With their constant 
domains to the Fc receptor. 

[0251] These additionally include all active compounds 
Which bind to membrane structures or membrane receptors 
on synovial cells. For example, included here are cytokines 
or groWth factors or fragments thereof or subsequences of 
them Which bind to synovial cells expressed on receptors, 
such as, for example, IL-1-RA, TNFot, IL-4, IL-6, IL-10, 
IGF, TGFB. 
[0252] In addition, these include ligands Whose essential 
constituent is terminal mannose Which binds to mannose-6 
phosphate receptors on macrophages. 

[0253] Ligands for Cells Infected With Viruses 

[0254] The ligands include antibodies or antibody frag 
ments directed against the virus antigens expressed on the 
cell membrane of virus-infected cells. 

[0255] Antibodies of this type have been described, for 
example, for cells infected With the folloWing viruses: 

[0256] HBV 

[0257] HCV 

[025s] HSV 

[0259] HPV 

[0260] HIV 

[0261] EBV 

[0262] HTLV. 

[0263] Ligands for Liver Cells and Further Tissue Cells 

[0264] The ligands include all substances Which bind to 
membrane structures or membrane receptors on the surface 
of liver cells. For example, these include groWth factors, 
such as cytokines, EGF, TGF, FGF or PDGF, or fragments 
thereof or subsequences of them Which bind to receptors 
expressed by cells of this type. These additionally include 
ligands Which bind to cell membrane structures Which are 
selective for certain tissues. These include, for example: 

Mar. 20, 2003 

Membrane structure Ligand Tissue cells 

Asialoorosomucoid Liver cells 
Neoglycoprotein 

Asialoglycoprotein 
receptor 

Galactose 
Transferrin receptor Transferrin Liver, other tissue cells 
Insulin receptor Insulin Liver, other tissue cells 
Mannose-6-phosphate Mannose Macrophages in spleen, 
receptor 
Fc-y receptors 

liver, lung, other tissues 
Reticuloendothelial 
system, other tissues 

Immuno globulin G 

[0265] These ligands and membrane structures are 
described clearly in Perales et al., (Eur. J. Biochem. 226, 255 
(1994)). 
[0266] The ligands Within the meaning of the invention, 
hoWever, particularly include coat glycoproteins of viruses 
Which have a tropism for selected cells, such as, for 
example, for 

[0267] Bronchial epithelial cells 

[0268] 
[0269] Liver cells 

respiratory syncytial virus 

[0270] hepatitis C virus, hepaptitis B virus, hepa 
titis A virus 

[0271] Filoviruses 

[0272] Liver cells bind, for example, the Mar 
burg virus by means of the asialoglycoprotein 
receptor 

[0273] Hepatitis B virus 

[0274] Liver cells preferably bind by means of 
the asialoglycoprotein receptor to the preS2 and 
preS1 domains of HBV 

[0275] Hepatitis D virus 

[0276] Liver sinusoidal cells 

[0277] Hepatitis V virus 

[0278] HBV is bound by means of ?bronectin. 

[0279] Ligands for Glia Cells 

[0280] These include antibodies or antibody fragments 
directed against membrane structures of glia cells, such as 
have been reported, for example, by Mirsky et al. (Cell and 
Tissue Res. 240, 723 (1985)), Coakham et al. (Prog. Exp. 
Tumor Res. 29, 57 (1985)) and McKeever et al. (Neurobiol. 
6, 119 (1991)). These membrane structures furthermore 
include neural adhesion molecules such as N-CAM, in 
particular its C polypeptide chain. 

[0281] These additionally include all active compounds 
Which bind to membrane structures or membrane receptors 
on glia cells. For examples, these include substances Which 
carry mannose terminally and bind to the mannose-6-phos 
phate receptor, insulin and insulin-like groWth factor, PDGF 
and those fragments of these groWth factors Which bind to 
the associated membrane receptors. 
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[0282] The ligands Within the meaning of the invention in 
particular include coat glycoproteins of those viruses Which 
have a tropism for glia cells. 

[0283] These viruses include, for example: 

[0284] HIV-1 subtype JRF1 

[0285] herpes simplex virus I 

[0286] Ligands for Leukemia Cells 

[0287] These include antibodies or antibody fragments 
directed against membrane structures of leukemia cells. A 
large number of monoclonal antibodies of this type have 
already been described for diagnostic and therapeutic pro 
cedures (revieWs in Kristensen, Danish Medical Bulletin 41, 
52 (1994); SchranZ, Therapia Hungarica 38, 3 (1990); Drex 
ler et al., Leuk. Res. 10, 279 (1986); Naeim, Dis. Markers 
7,1 (1989); Stickney et al., Curr. Opin. Oncol. 4, 847 (1992); 
Drexler et al., Blut 57, 327 (1988); Freedman et al., Cancer 
Invest. 9, 69 (1991)). Depending on the type of leukemia, 
suitable ligands are, for example, monoclonal antibodies or 
antigen-binding antibody fragments thereof having speci?c 
ity for the folloWing antigens: 

Cells Membrane antigen 

AML CD13 

CAMAL 
Sialosyl-Le 

B-CLL CD5 
CD10 
CD23 
Idiotypes and isotypes of 
the membrane immuno 
globulins 

T-CLL CD33 
M38 
IL-2 receptors 
T cell receptors 

ALL CALLA 
CD19 
Non-Hodgkin lymphoma 

[0288] The ligands additionally include all active com 
pounds Which bind to membrane structures or membrane 
receptors of leukemia cells. For example, these include 
groWth factors or fragments thereof and subsequences of 
them Which bind to receptors expressed by leukemia cells. 

[0289] GroWth factors of this type have already been 
described (revieWs in Cross et al., Cell 64, 271 (1991); 
AulitZky et al., Drugs 48, 667 (1994); Moore, Clin. Cancer 
Res. 1, 3 (1995); Van Kooten et al., Leuk. Lymph. 12, 27 
(1993)). For example, they include: 

[0290] 

[0291] 
[0292] FGF in T cell, monocytic, myeloid, erythroid 

and megakaryoblastic leukemias 

[0293] TGFB in leukemias 

[0294] retinoids, e.g. retinoic acid in acute promy 
elocytic leukemia. 

IFNO. in non-Hodgkin lymphomas 

IL-2, particularly in T cell leukemias 

Mar. 20, 2003 

[0295] Ligands for Tumor Cells 

[0296] These include antibodies and fragments of these 
antibodies directed against membrane structures on tumor 
cells. Antibodies of this type have been clearly described, for 
example, by Sedlacek et al. (Contrib. to Oncol. 32, Karger 
Verlag, Munich (1988) and Contrib. to Oncol. 43, Karger 
Verlag, Munich (1992)). 
[0297] Further examples are antibodies against: 

[0298] 
[0299] peptides on tumors, Which are recogniZed by 
T cells 

sialyl LeWis 

[0300] proteins expressed by oncogenes 

[0301] gangliosides such as GD3, GD2, GM2, 9-0 
acetyl GD3, fucosyl GM1 

[0302] blood group antigens and their precursors 

[0303] 
[0304] 

[0305] According to the invention, the component d) can 
either be absent or, depending on the nature of the disorder 
Which is to be prevented or treated, is to be selected together 
With the component a), for example, as folloWs: 

[0306] 

antigens on the polymorphic epithelial mucin 

antigens on heat shock proteins 

a) Therapy of tumors 

[0307] a.1) Target cells: 

[0308] proliferating endothelial cells or 

[0309] stroma cells and muscle cells adjacent to 
the endothelial cell or 

[0310] 
[0311] a.2) Effectors: Inhibitors of cell proliferation, 

for example 

[0312] the retinoblastoma protein (pRb=p10) or 
the related p107 and p130 proteins 

[0313] The retinoblastoma protein (pRb/p10) 
and the related p107 and p130 proteins are 
inactivated by phosphorylation. Preferably, 
genes of these cell cycle inhibitors to be used 
are those Which have mutations for the inacti 
vation sites of the expressed proteins Without 
these being impaired in their function thereby. 
Examples of these mutations have been 
described for p110. 

[0314] The DNA sequence for the p107 protein 
or the p130 protein is mutated analogously. 

[0315] The p53 protein 

[0316] The protein p53 is inactivated in the cell 
either by binding to speci?c proteins, such as, 
for example, MDM2, or by oligomeriZation of 
the p53 by means of the dephosphorylated 
C-terminal serine. Preferably a DNA sequence 
for a p53 protein is thus used Which is truncated 
at the C terminus by serine 392. 

[0317] p21 (WAF-l) 

[031s] 

tumor cells or leukemia cells 

the p16 protein 
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[0319] 
[0320] 
[0321] 
[0322] 
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other cdk inhibitors 

the GADD45 protein 

the Bak protein 

the Bax protein 

[0323] a.3) Effectors: Coagulation-inducing factors 
and angiogenesis inhibitors, for example: 

[0324] plasminogen activator inhibitor-1 (PAI-1) 

[0325] PAI-2 

[0326] PAI-3 

[0327] angiostatin and/or endostatin 

[0328] interferons (IFNot, IFNB or IFNY) 

[0329] platelet factor 4 

[0330] IL-12 

[0331] TIMP-1 

[0332] TIMP-2 

[0333] TIMP-3 

[0334] leukemia inhibitory factor (LIF) 

[0335] tissue factor (TF) and its coagulation-active 
fragments 

[0336] a.4) Effectors: cytostatic and cytotoxic pro 
teins, for example 

[0337] 
[0338] 
[0339] 
[0340] 
[0341] 
[0342] 
IFN 

[0343] 
[0344] 
[0345] 
[0346] 

[0347] 
ies 

perforin 

granZyme 

IL-2 

IL-4 

IL-12 

interferons, such as, for example, IFN-ot, 
[3 or IFNY 

TNF, such as TNFO. or TNFB 

oncostatin M 

sphingomyelinase 
magainin and magainin derivatives 

a.5) Effectors: cytostatic or cytotoxic antibod 

The cytostatic or cytotoxic antibodies 

[0350] In 
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antibodies against sialyl Lewis; against peptides 
on tumors, Which are recogniZed by T cells; 
against proteins expressed from oncogenes; 
against gangliosides such as GD3, GD2, GM2, 
9-O-acetyl GD3, fucosyl GM1; against blood 
group antigens and their precursors; against anti 
gens on the polymorphic epithelial mucin, against 
antigens on heat shock proteins 

addition, these include antibodies 
directed against membrane structures of leukemia 
cells. Alarge number of monoclonal antibodies of 
this type have already been described for diagnos 
tic and therapeutic procedures (revieWs in Kris 
tensen, Danish Medical Bulletin 41, 52 (1994); 
SchranZ, Therapia Hungarica 38, 3 (1990); Drex 
ler et al., Leuk. Res. 10, 279 (1986); Naeim, Dis. 
Markers 7,1 (1989); Stickney et al., Curr. Opin. 
Oncol. 4, 847 (1992); Drexler et al., Blut 57, 327 
(1988); Freedman et al., Cancer Invest. 9, 69 
(1991)). Depending on the type of leukemia, suit 
able ligands are, for example, monoclonal anti 
bodies or antigen-binding antibody fragments 
thereof directed against the folloWing membrane 
antigens: 

Cells Membrane antigen 

AML 

B-CLL 

T- CLL 

ALL 

CD13 
CD15 
CD33 
CAMAL 
Sialosyl-Le 
CD5 
CD10 
CD23 
Idiotypes and isotypes of the membrane 
immunoglobulins 
CD33 
M38 
IL-2 receptors 
T cell receptors 
CALLA 
CD19 
Non-Hodgkin lymphoma 

[0349] 

include those directed against membrane struc 
tures of endothelial cells such as have been 
described, for example, by BurroWs et al. (Phar 
mac. Ther. 64, 155 (1994)), Hughes et al., (Cancer 
Res. 49, 6214 (1989)) and Maruyama et al., 
(PNAS USA 87, 5744 (1990)). In particular, these 
include antibodies against the VEGF receptors. 

In addition, these include cytostatic or cyto 
toxic antibodies directed against membrane struc 
tures on tumor cells. Antibodies of this type have 
been clearly described, for example, by Sedlacek 
et al. (Contrib. to Oncol. 32, Karger Verlag, 
Munich (1988) and Contrib. to Oncol. 43, Karger 
Verlag, Munich (1992)). Further examples are 

[0351] The humaniZation of murine antibodies, 

[0352] 

and the preparation and optimiZation of the genes 
for Fab and rec. Fv fragments is carried out 
according to the technique knoWn to the person 
skilled in the art (Winter et al., Nature 349,293 
(1991); Hoogenbooms et al., Rev. Tr. Transfus. 
Hemobiol. 36, 19 (1993); Girol. Mol. Immunol. 
28, 1379 (1991) or Huston et al., Intern. Rev. 
Immunol. 10, 195 (1993)). The fusion of the rec. 
Fv fragments With the component b) and/or com 
ponents c) is carried out using the prior art knoWn 
to the person skilled in the art by expression of a 
gene coding for the fusion protein. 

a.6) Effectors: inducers of in?ammation, for 
example 

[0353] IL-1 

[0354] IL-2 

[0355] RANTES (MCP-2) 



[0373] 

[0374] 
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[0356] monocyte chemotactic and activating factor 
(MCAF) 

[0357] IL-8 

[0358] macrophage in?ammatory protein-1 (MIP 
10., -[3) 

[0359] neutrophil activating protein-2 (NAP-2) 

[0360] 1 L-3 

[0361] IL-S 

[0362] human leukemia inhibitory factor (LIF) 

[0363] 1 L-7 

[0364] IL-11 

[0365] mm 

[0366] GM-CSF 

[0367] G-CSF 

[0368] M-CSF 

[0369] cobra venom factor (CVF) or subsequences 
of CVF Which correspond functionally to the 
human complement factor C3b, ie which can 
bind to the complement factor B and, after cleav 
age by the factor D, are a C3 convertase 

[0370] the human complement factor C3 or its 
subsequence C3b 

[0371] cleavage products of the human comple 
ment factor C3, Which are functionally and struc 
turally similar to CVF 

[0372] bacterial proteins Which activate comple 
mentor cause in?ammation, such as, for example, 
porins of Salmonella typhimurium, clumping fac 
tors of Staphylococcus aureus, modulins, particu 
larly of gram-negative bacteria, major outer mem 
brane protein of Legionellae or of Haemophilus 
in?uenza type B or of Klebsiellae or M molecules 
of Streptococci group G. 

a.7) Effectors: enZymes for the activation of 
precursors of cytostatics, for example for enZymes, 
Which cleave inactive preliminary substances (pro 
drugs) into active cytostatics (drugs). 

Substances of this type and the associated 
prodrugs and drugs in each case have already been 
clearly described by Deonarain et al. (Br. J. Cancer 
70, 786 (1994)), Mullen (Pharmac. Ther. 63, 199 
(1994) and Harris et al. (Gene Ther. 1, 170 (1994)). 
For example, one of the folloWing enZymes can be 
used: 

[0375] herpes simplex virus thymidine kinase 

[0376] varicella Zoster virus thymidine kinase 

[0377] bacterial nitroreductase 

[0378] bacterial [3-glucuronidase 

[0379] plant [3-glucuronidase from Secale cereale 

[0380] human [3-glucuronidase 
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[0381] human carboxypeptidase (CB) for example 
CB-A of the mast cell, CB-B of the pancreas or 
bacterial carboxypeptidase 

[0382] bacterial [3-lactamase 

[0383] bacterial cytosine deaminase 

[0384] human catalase or peroxidase 

[0385] phosphatase, in particular human alkaline 
phosphatase, human acidic prostate phosphatase 
or type 5 acidic phosphatase 

[0386] oxidase, in particular human lysyl oxidase 
or human acidic D-aminooxidase 

[0387] peroxidase, in particular human gluthatione 
peroxidase, human eosinophil peroxidase or 
human thyroid gland peroxidase 

[0388] galactosidase 
[0389] b) Therapy of autoimmune disorders and 

in?ammations 

[0390] b.1) Target cells: 

[0391] proliferating endothelial cells or 

[0392] macrophages and/or lymphocytes or 

[0393] synovial cells 

[0394] b.2) Effectors for the therapy of allergies, for 
example 

[0395] IFNB 

[0396] IFNY 
[0397] IL-10 

[0398] antibodies or antibody fragments against 
IL4 

[0399] soluble IL-4 receptors 

[0400] IL-12 

[0401] TGFB 
[0402] b.3) Effectors for preventing the rejection of 

transplanted organs, for example 

[0403] IL-10 

[0404] TGFB 
[0405] soluble IL-1 receptors 

[0406] soluble IL-2 receptors 

[0407] IL-1 receptor antagonists 

[0408] soluble IL-6 receptors 

[0409] immunosuppressant antibodies or VH- and 
VL-containing fragments thereof or VH and VL 
fragments thereof connected by means of a linker. 
Immunosuppressant antibodies are, for example, 
antibodies speci?c for the T-cell receptor or its 
CD3 complex, against CD4 or CD8, in addition 
against the IL-2 receptor, IL-1 receptor or IL-4 
receptor or against the adhesion molecules CD2, 
LFA-1, CD28 or CD40 






























