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Description

[0001] The present invention relates to peptide TPDV (targeted protein degradation vehicle) tools and their use for
therapeutic purposes in the treatment of patients, in particular tumor patients. These vehicles are used for the selected
degradation of intracellular target proteins, in particular of oncoproteins, which are involved in tumorigenesis. The
invention also relates to nucleic acids coding for TPDVs and to the production of a medicament based on such TPDV
drugs.
[0002] Despite the tremendous success of medicine there are still various diseases which are difficult to treat. In
particular several types of tumors are not curable with known means. It is therefore an object of the present invention
to provide alternative means for the treatment of such diseases, in particular various types of cancer. The present
invention provides therefore a targeted protein degradation vehicle comprising at least the following components:

a) an affinity domain which binds to a specific target
b) a delivery domain which delivers the functional domain into a cell and
c) a functional domain which degrades selectively a target protein.

[0003] The targeted protein degradation vehicle according to the present invention comprises at least one affinity
domain which allows the binding of the vehicle to a preselected target molecule. In preferred embodiments the target
molecule is a receptor which plays a role in the development of a tumor. Preferred receptors according to the present
invention are receptors belonging to the epidermal growth factor receptor family. An affinity domain is a peptide or
polypeptide which specifically binds to a target molecule. Specific binding may be confirmed by interaction in the yeast
two-hybrid system (see infra).

The epidermal growth factor receptor and its role in tumorigenesis

[0004] The EGFR family of receptor tyrosine kinases, consisting of the epidermal growth factor (EGF) receptor EGFR,
ErbB2/Neu, ErbB3 and ErbB4, binds a large group of ligands (Riese and Stern, 1998, Bioessays, (20) 41-8). The EGF
receptor belongs to the group of enzyme-linked receptors which are transmembrane proteins with their ligand-domain
on the outer surface of the plasma membrane. On the cytosol site of the cell the EGF receptor has a tyrosine kinase
which phosphorylates specific tyrosines on a small set of intracellular signaling proteins. When the signaling ligand
epidermal growth factor (EGF) is bound to the EGF receptor the proliferation of various cell types is stimulated.
[0005] Upon binding of these ligands to the extracellular domain, the receptor dimerizes, which leads to autophos-
phorylation on specific tyrosine residues in their cytoplasmic tail. These residues serve as docking sites for SH2- and
PTB domain containing signaling molecules, which activate numerous intracellular signaling pathways. A major sign-
aling route of the EGFR family seems to be the ras/raf-mitogen-activated protein kinase (MAPK) pathway (Olayioye,
et al., 2000, Embo J, (19) 3159-3167).
[0006] EGF can also activate the STAT3 pathway. There is a set of latent gene regulatory proteins called STATs
(signal transducers and activators of transcription) which move into the nucleus and stimulate the transcription of spe-
cific genes. All STATs have an SH2 domain that enables them to dock onto specific phosphotyrosines on some activated
receptor tyrosine kinase receptors. After EGF stimulation the cytoplasmic kinase c-src is recruited to the receptor,
where it phosphorylates and thereby hyper-activates the EGFR itself and other signaling molecules as Jak2, STAT3
(Olayioye, et al., 2001, Exp Cell Res, (267) 81-7.) (Olayioye, et al., 1999, J Biol Chem, (274) 17209-18), Shc and
components of the cytoskeleton and the endocytic machinery (Wilde, et al., 1999, Cell, (96) 677-87.). Thus, EGFR
signaling can lead to a variety of downstream reactions, which results in proliferation, differentiation and/or oncogenesis
of epithelial cells, neuronal cells and fibroblasts (Hynes, 2000, Breast Cancer Res, (2) 154-7). The expression of EGFR
in tumor cells can be correlated with poor response to treatment, disease progression, and poor survival (Baselga,
2002, Oncologist, (7) 2-8.).
[0007] In a preferred embodiment the affinity domain binds specifically to the EGF receptor. It is possible that the
affinity domain binds to that part of the EGF receptor which is usually localized on the outer surface of the plasma
membrane (extracellular part). It is, however, preferred that the affinity domain binds to a region of the EGFR which is
on the cytosolic side of the cell (intracellular part).
[0008] In another embodiment, the affinity domain specifically binds to a STAT protein, preferably to STAT3.

The signal transducer and activator of transcription STAT3 and its role in tumorigenesis

[0009] Signal transducers and activators of transcription (STATs) were originally discovered as mediators of cytokine
signaling. Upon binding of cytokines to cognate receptors, receptors dimerize and thereby activate intrinsic receptor
tyrosine kinases or receptor associated tyrosine kinases (e.g. JAKs). Tyrosine-phosphorylated receptors provide dock-
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ing sites for the recruitment of cytoplasmic monomeric STAT proteins via their SH2 domains. Receptor-bound STATs
become tyrosine phosphorylated and dimerize via reciprocal phosphotyrosine-SH2 domain interaction. Within minutes,
the dimers translocate to the nucleus where they act with other transcriptional modulators bound to specific promoter
sequences and induce gene expression (Ihle, 2001, Curr. Opin. Cell Biol (13) 211-17; Buettner, Mora, 2002, Clin.
Cancer Res. (8) 945-54). In the last few years, constitutive activation of STAT proteins, e.g. STAT3 and STAT5, have
been found in a large number of several human cancers, including blood malignancies (leukemias, lymphomas, and
multiple myeloma) as well as solid tissues (such as head and neck, breast, and prostate cancer) (Bowman, Garcia,
2000, Oncogene, (19) 2474-88; Song, Grandis, 2000, Oncogene (19) 2489-95; Coffer, Koedermann, 2000, Oncogene
(19) 2511-22; Lin, Mahajan, 2000, Oncogene (19) 2496-2504; Garcia, Bowman, 2001, Oncogene (20) 2499-2513).
Studies to date provide strong evidence that aberrant STAT3 signaling participate in the development and progression
of human cancer by either preventing apoptosis, inducing cell proliferation, or both (Bowman, Garcia, 2000, Oncogene
(19) 2474-88). In vitro and in vivo inhibition of constitutive STAT3 signaling in tumor cells leads to growth arrest and
tumor regression in association with induction of apoptosis, indicating that STAT3 could be a potential target for cancer
therapy (Catlett-Falcone, Landowski, 1999, Immunity (10) 105-15; Nui, Shain, 2001 Cancer Res (61) 3276-80; Niu,
Heller, 1999, Cancer Res (59) 5050-63).
[0010] High levels of EGF receptors and constitutive activation of STAT3 in an appreciable subset of cancer types
correlates with an unfavorable prognosis and higher incidence of metastasis. As conventional tumor therapy often
results in severe side effects due to high toxicity, new, selective anticancer agents are disclosed that differentiate
between malignant and non-malignant cells. Although expressed in non-malignant cells, the high expression levels in
a certain subset of tumors, makes the EGFR a perfect target for a specific and selective tumor therapy. The evidence
that inhibition of the EGFR and STAT3 can positively influence the pathogenesis of various cancers has led to the
present agents that selectively target this molecules (Baselga, 2002, Oncologist, (7) 2-8.) (Turkson and Jove, 2000,
Oncogene, (19) 6613-26.).
[0011] Since the targeted protein degradation vehicle of the present invention acts specifically on certain target cells
it has an affinity domain which binds to a specific target or more precisely to a specific part of this target.
[0012] Although a variety of strategies have been suggested for targeting these proteins for an efficient cancer ther-
apy, including monoclonal antibodies, ligand-linked immunotoxins, tyrosine kinase inhibitors, and antisense approach-
es, the present invention uses in a preferred embodiment peptide aptamers as affinity domain.

Peptide Aptamers

[0013] Peptide aptamers are molecules in which a variable peptide domain with affinity for a given target molecule
is displayed from a scaffold protein, such as E. coli thioredoxin A. Peptide aptamers present a novel class of molecules,
which have a great potential to be applied for the disruption of protein-protein interactions. They can be selected from
combinatorial libraries that display conformationally constrained variable regions, which are selected for in vivo binding
for a given target protein (Colas, 2000, Curr Opin Chem Biol, (4) 54-9). Up to now there are numerous examples that
peptide aptamers can disrupt specific protein-protein interactions in vivo, which can be used as dominant genetic
agents to cause a phenotype (Cohen, et al., 1998, Proc Natl Acad Sci U S A, (95) 14272-7), (Kolonin and Finley, 1998,
Proc Natl Acad Sci U S A, (95) 14266-71), (Norman, et al., 1999, Science, (285) 591-5), (Butz, et al., 2001, Oncogene,
(20) 6579-86., Butz, et al., 2000, Proc Natl Acad Sci U S A, (97) 6693-7). Other proteins that have been described as
scaffolds suitable for the presentation of constrained peptides include a catalytically inactive derivative of the staphy-
lococcal nuclease, the protease inhibitor eglin C, the Streptomyces tendea α-amylase inhibitor tendamistat, the cellular
transcription factor Sp1, and the green fluorescent protein.
[0014] The preferred aptamer selection system is shown schematically in Fig. 1. It is based on a classical yeast-two-
hybrid screening system, where upon interaction between the gene of interest and a peptide aptamer, which is inserted
into the active loop of the scaffold protein thioredoxin A, a complete Gal4 transcription factor is restored, which allows
growth in the presence of certain selection marker.
[0015] As aptamers are able to specifically inhibit the functions of cellular proteins, they possess a high potential to
be used as therapeutic components. Three strategies are feasible in order to deliver these proteins into target cells
(Hoppe-Seyler and Butz, 2000, J Mol Med, (78) 426-30): First, the coding sequence for an aptamer could be introduced
into cells, for example by suitable gene therapy vectors, thereby allowing the intracellular expression of specific inhib-
itors of a given target protein, However, the development of safe and efficient gene delivery systems still represents a
major challenge for gene therapy.
[0016] Second, one could envision using the peptide aptamers directly as drugs. However, at present time there are
still many obstacles to overcome in using proteinaous molecules as drugs. These include the metabolic instability of
peptides and proteins, the inability of these molecules to cross cellular membranes, and their potential immunogenicity.
However, much progress has been made in this field. A multitude of delivery systems (such as encapsulation of proteins
into polymers or lipids) that protect therapeutic proteins from degradation and allow their controlled release have been
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developed (Langer, 1998, Nature, (392) 5-10.). Peptides and proteins can be stabilized by chemical modifications, for
example by modifying chemical bonds and altering amino acid side chains. Shuttle proteins have been identified that
can mediate efficient transfer of fused heterologous proteins into cultured cells and even into whole organs in animal
systems. This process called protein transduction greatly improves the potential of peptides to serve as therapeutics
in the future.
[0017] Third, peptides open new possibilities for drug design. The small size of peptides and their presentation in a
preferred conformation from a structurally resolved scaffold (e.g. Trx A) should be helpful for the identification of their
bioactive structures. This is a prerequisite for using these molecules as lead structures for the design of peptide-mimetic
structures.
[0018] In a preferred embodiment of the present invention the affinity domain is a peptide aptamer which binds
specifically to a member of the epidermal growth factor receptor family, in particular the epidermal growth factor re-
ceptor.
[0019] A second essential component of the targeted protein degradation vehicle of the present invention is a delivery
domain which delivers the functional domain into the target cell. As used herein, the term "delivery domain" denotes
a peptide or polypeptide sequence which possesses the ability to traverse biological membranes. Preferably, the proc-
ess occurs in a transporter- and receptor-independent fashion.

Delivery of therapeutic proteins into mammalian cells by protein transduction

[0020] Because the cell membrane is impermeable for most peptides and proteins, the introduction of therapeutic
proteins into tissues or organs proved to be rather difficult and is limited by the size and biochemical properties of the
protein to be delivered. Until recently, it was not possible to introduce proteins into cells unless they were bioactive
peptides of small size and highly lipophilic. In cell culture it has been possible to express exogenous proteins upon
DNA-transfection, a method which is limited in efficiency and expression levels and hardly applicable in vivo.
[0021] In 1988 two groups discovered that the HIV TAT protein is capable to permeate the cell membrane (Green
and Loewenstein, 1988, Cell, (55) 1179-88.) (Frankel and Pabo, 1988, Cell, (55) 1189-93.). This observation has been
utilized in 1994 by Fasell et al. to introduce a protein into cells which was linked to a 38 amino acid fragment of the
HIV TAT protein (Fawell, et al., 1994, Proc Natl Acad Sci U S A, (91) 664-8.). Other protein transduction domains have
been identified. Examples are the proteine transduction domains present in the Antennapedia protein of Drosophila
(Joliot, et al., 1991, Proc Natl Acad Sci U S A, (88) 1864-8.) and the HSV VP22 Protein of Herpes Simplex Virus (Elliott
and O'Hare, 1997, Cell, (88) 223-33.). Preferred amino acid sequences of proteins which are capable to permeate the
cell membrane are shown in Fig. 2.
[0022] All protein transduction domains (PTD) are characterized by numerous basic amino acids, arginines and
lysines, which are responsible for the interaction with the lipid bilayer.
[0023] In addition to the naturally occuring PTDs, there are numerous attemps to synthesize sequences which op-
timize protein transduction characteristics. Wender et al. showed that a peptide consisting of nine L-arginines is about
twenty times more efficient than the naturally occuring HIV TAT domain and a D-arginine oligomer transduces proteins
100 times better into Jurkat cells. Mechanistic considerations have proposed that the guanidinium part of arginine is
more important for the function than the charge or the backbone structure (Wender, et al., 2000, Proc Natl Acad Sci
U S A, (97) 13003-13008). Mai et al. could show that efficiency of transduction is very much dependent on the cell line
utilized and demonstrated at the same time that poly-lysine sequences are more efficient transduction domains than
the TAT or arginine sequences (Mai, et al., 2002, J Biol Chem, (277) 30208-30218.). The mechanism at work which
allows protein transduction domains to introduce proteins into cells through the membrane has not been totally clarified
yet. Transduction can occur at 37°C and 4°C and is non-saturable. This led to the assumption that transduction does
not imply a classical receptor-, transporter- or endocytosis-mediated mechanism (Derossi, et al., 1996, J Biol Chem,
(271) 18188-93.). Tyagi et al. have proposed that heparin sulfate proteoglycanes on the cell surface might serve as
receptors for proteins (Tyagi, et al., 2001, J Biol Chem, (276) 3254-61.). Cells which do not express such molecules
or cells treated with the appropriate glycosamine glycane lyases are not able to take up TAT proteins or TAT protein
fusions. The question concerning the exact mechanism is, however, still not perfectly answered.
[0024] In a preferred embodiment of the present invention the delivery domain comprises at least one sequence as
given in figure 2 or a combination of such sequences. Parts of those sequences can also be combined with poly-lysine
and/or poly-arginine stretches in order to improve the efficacy of the delivery domain. Further cell-penetrating peptides
can be derived from Lindgren et al. (2000) Trends Pharmacol. Sci. 21, 99-103.
[0025] There are a number of examples in which heterologous peptides, proteins or even DNA have been coupled
chemically or genetically with protein transduction domains. These fusions or conjugates have been introduced into
cells. It seems that there are no size limits with regard to the cargo proteins. A small 20 kDa protein has been transduced
into cells and found to be immediately biological active. A protein of 120 kDa has been found to require a period of
about 5 minutes before intracellular biological activity could be shown (Schwarze, et al., 1999, Science, (285) 1569-72).
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A fusion protein of the HIV TAT PTD and β-galactosidase has been bacterially expressed and was purified in a partially
denatured state. The presence of the protein was demonstrated 15 minutes after addition to the transduced cells.
Enzymatic activity, however, required a period of two hours. This has been interpreted, and the requirement of the
cellular machinery, for example chaperones, has been proposed. These proteins might require refolding and the as-
sumption of a proper conformation before they become active (Schwarze, Ho, Vocero-Akbani and Dowdy, 1999, Sci-
ence, (285) 1569-72). The same protein has been injected intraperitoneally into mice and it has been found to be
present in all tissues like liver, kidney, lung, heart and spleen upon injection. Injected protein even crossed the blood-
brain barrier and showed enzymatic activity in brain tissue (Schwarze, Ho, Vocero-Akbani and Dowdy, 1999, Science,
(285) 1569-72). In further experiments a dominant-negative version of IκB (TAT-IkB46-317) has been introduced into
osteoclasts as a TAT-PTD fusion. This protein was able to inhibit osteoclast differentiation (Abu-Amer, et al., 2001, J
Biol Chem, (276) 30499-503.).
[0026] Proteins which are introduced into cells via protein transduction domains can exhibit therapeutic effects. A
TAT-Bcl-xL fusion protein has been introduced into primary cultures of neurones and in mouse models. Mice with
cerebral ischemia were intraperitoneally injected with the fusion protein and a decrease in the extent of apoptosis in
brain cells was shown when compared to untreated animals. This effect was mediated by the recombinant Bcl-xL
protein (Cao, et al., 2002, J Neurosci, (22) 5423-31.). These examples show that the method of protein transduction
is well suited to study signal transduction pathways through specific inhibitors, but might also serve as a therapeutic tool.
[0027] Furthermore the targeted protein degradation vehicles of the present invention comprise a functional domain
which degrades selectively the target protein to which the vehicle is bound. In a preferred embodiment the targeted
protein degradation vehicle has a functional domain which degrades the target protein by the ubiquitination proteasome
system.

Degradation of cellular proteins by the ubiquitination-proteasome system

[0028] Proteins are not only regulated by activation, but also via reduction of the intracellular concentration. Due to
this a lot of normal proteins whose concentrations must change promptly with alterations in the state of a cell, can
show a short half-life. Many of these short-lived proteins are degraded rapidly at all times, while others, most notably
the cyclins, are stable until they are suddenly degraded at one particular point in the cell cycle. Most of the proteins
that are degraded in the cytosol are delivered to large protein complexes called proteasomes, which are present in
many copies and are dispersed throughout the cell. Each proteasome consists of a central cylinder formed from multiple
distinct proteases, whose active sites are thought to face an inner chamber. Each end of the cylinder is "stoppered"
by a large protein complex formed from at least 10 types of polypeptides, some of which hydrolyze ATP. These protein
stoppers are thought to select the proteins for destruction by binding to them and feeding them into the inner chamber
of the cylinder, where multiple proteases degrade the proteins to short peptides that are then released.
[0029] Proteasomes act on proteins that have been specifically marked for destruction by the covalent attachment
of a small protein called ubiquitin. Ubiquitin exists in cells either free or covalently linked to proteins. Most ubiquinated
proteins have been tagged for degradation. (Some long-lived proteins such as histones are also ubiquinated, but in
these cases the function of ubiquitin is not understood.) Different ubiquitin-dependent proteolytic pathways employ
structurally similar but distinct ubiquitin-conjugating enzymes that are associated with recognition subunits that direct
them to proteins carrying a particular degradation signal. The conjugating enzyme adds ubiquitin to a lysine residue
of a target protein and thereafter adds a series of additional ubiquitin moieties, forming a multiubiquitin chain that is
thought to be recognized by a specific receptor protein in the proteasome.
[0030] Peptide aptamers were only selected due to their binding affinity to a given target. As could be shown that
only a small portion of the selected aptamers exhibited an inhibitory function on the target protein, their functional
properties were enhanced by adding an extra domain, namely the functional domain.
[0031] Recently domains were identified which interact specifically with the protein degradation pathway of cells. It
was shown that the SOCS box domain of the SOCS-proteins (suppressors of cytokine signaling) promote the ubiquit-
inylation of Jak and STAT proteins (Ungureanu, et al., 2002, Mol Cell Biol, (22) 3316-26.). The function of a SOCS box
is shown schematically in Fig. 3.
[0032] On one hand SOCS proteins interact via their SH2 domain with other signaling molecules such as STAT
proteins and Jak molecules. On the other hand the SOCS-box interacts with E3 ubiquitin ligases (Zhang, et al., 1999,
Proc Natl Acad Sci U S A, (96) 2071-6.). These ligases transfer specifically ubiquitin moieties on these molecules,
which marks them for degradation in the 26 S proteasome. Therefore the SOCS box domain can be used as a functional
domain to target bound molecules for degradation.
[0033] In preferred embodiments of the present inventions the targeted protein degradation vehicle has a functional
domain which is selected from the group consisting of the SOCS-box, an F-box, the HECT domain and a U-box.
[0034] The SOCS-box preferably has the following amino acid sequence:
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[0035] An F-box is a protein domain of approximately 50 aa that functions as a site of protein-protein interactions.
F-box proteins were first discovered as components of SCF ubiquitin-ligases complexes (named after their main com-
ponents Skp1, Cullin and an F-box protein), in which they bind subtrates for ubiquitin mediated proteolysis (Kipreos
and Pagano, 2000, Genome Biol, (1)). The consensus sequence of the F-box is as follows:

[0036] HECT family domain proteins are characterized by a HECT domain (homology to E6-AP carboxyl terminus)
and function as E3 ubiquitin-protein ligases, targeting specific proteins for ubiquitin-mediated proteolysis (Huibregtse,
et al. 1995, PNAS, (92), 2563-2567).
[0037] The HECT domain sequence of the human E6-AP protein is as follows:

[0038] The U box is a domain of 70 amino acids present in proteins from yeast to humans. The prototype U-box
protein, yeast Ufd2, was identified as a ubiquitin chain assembly factor that cooperates with a ubiquitin-activating
enzyme (E1), a ubiquitin-conjugating enzyme (E2), and a ubiquitin-protein ligase (E3) to catalyze ubiquitin chain for-
mation on artificial substrates (Hatakeyama, et al., 2001, J Biol Chem, (276) 33111-20.). As an example the U-BOX of
the ubiquitin ligase UFD2a (Mus musculus) is given:

[0039] The skilled person will recognize that minor mutations, i.e. substitutions, deletions and/or additions may be
made to the specific sequences referred to without changing or impairing the function of the polypeptide.
[0040] The order of the three mandatory components of the vehicle depends on the target. Usually, the affinity domain
is at the N-terminus followed by the delivery domain and the functional domain at the C-terminus. Depending on the
specific properties of the target this order can, however, be changed.
[0041] In addition to these three components the vehicle may also contain other parts which are helpful for the
preparation and/or the function of the vehicle. An example of such additional parts are short histidine stretches which
are helpful in the process of preparing the vehicle.
[0042] It is preferred that the targeted protein degradation vehicle of the invention is an isolated TPDV. An isolated
TPDV is ≥ 80% pure, preferably ≥ 90% pure, more preferably ≥ 95% pure, even more preferably ≥ 99% pure and
particularly preferred is a pharmaceutically pure state that is greater than 99.9% pure with respect to contaminating
macromolecules, particularly other proteins and nucleic acids. It is preferred that the TPDV is free of infectious and
pyrogenic agents. Preferably, a purified TPDV is substantially free of other polypeptides. When used in this context,
the term "isolated" does not exclude the presence of the same polypeptide in alternative physical forms, such as dimers.

Preferred embodiments of the present invention

[0043] A system was used to isolate specific ligands (peptide aptamers) to given target proteins. Peptides were
isolated that specifically interact with the EGFR or STAT3. Fusing a SOCS-box domain, which targets the whole complex
for degradation enhanced the functional interference of these aptamers with their cognate target proteins.
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[0044] After adding a cell entry domain (transduction domain) to this structure a TPDV construct was generated
which now comprises three functional activities in one peptide:

a) the target affinity employs specific domains to confer binding to a given target,
b) delivery into target cells via a protein transduction domain
c) the selected degradation of proteins using specific targeting domains.

[0045] The resulting molecules are designated targeted protein degradation vehicles (abbreviated TPVDs).
[0046] In such TPDVs the domain used to target the degradation of a protein according to (c) may be SOCS-box, a
F-box, a HECT domain or a U-box. The affinity domain of such a peptide may be derived from a natural interaction
partner or from domains or sequences of natural interaction partners or is preferably a peptide aptamer.
[0047] Another aspect of the invention is a nucleic acid coding for a targeted protein degradation vehicle according
to the invention. Preferably, the nucleic acid is DNA. The invention further relates to a plasmid or vector containing
such nucleic acid. The plasmid or vector may be used for transfection or viral transduction. The nucleic acid of the
invention or the plasmid or vector of the invention can be used for research, diagnostic or prognostic purposes. Pref-
erably, the research, diagnostic or prognostic methods are not practised on the human or animal body, but in vitro.
[0048] Since the nucleic acid, preferably the DNA coding for the components of a targeted protein degradation vehicle
is known, it is possible to express the targeted protein degradation vehicle in suitable host cells such as bacteria, in
particular E.coli or B.subtilis, in yeast cells, e.g. Saccharomyces cerevisiae or in insect cells or eukaryotic cell cultures.
The recombinantly produced targeted protein degradation vehicle can be purified by known methods, in particular
affinity chromatography. Further methods of protein purification are described in Scopes R. (1994) "Protein Purification:
Principles and Practice", Springer Verlag. Methods for manipulating DNA and expressing polypeptides are disclosed
in Sambrook et al. (2001) "Molecular Cloning: A Laboratory Manual".
[0049] Alternatively the nucleic acid, preferably the DNA coding for a targeted protein degradation vehicle can be
introduced into the cell in order to effect expression in the target cells.
[0050] By transduction of recombinant constructs having a SOCS-box and aptamers the concentration of target
proteins can be efficiently reduced, which could be shown in Western blotting and immunofluorescence studies. That
this process is mediated due to specific interference of the SOCS-box aptamers could be proofed by showing that
ubiquitinylation of the EGFR is greatly enhanced after transduction of a SOCS-Box aptamer targeting this receptor.
[0051] The invention further relates to a medicament comprising a targeted protein degradation vehicle described
herein. The medicament can be used for therapy of disorders where the selected degradation of a specific target has
a beneficial effect for a patient.
[0052] In a preferred embodiment of this invention the disorder to be treated with such a TPDV can result from
oncogenic proteins, due to genetical modifications, due to overexpression of the relevant protein or due to deregulation
of normal proteins. The disorder is selected from the group consisting of skin cancer, melanoma, estrogen receptor-
dependent and independent breast cancer, ovarian cancer, testosteron receptor-dependent and independent prostate
cancer, renal cancer, colon and colorectal cancer, pancreatic cancer, bladder cancer, esophageal cancer, stomach
cancer, genitourinary cancer, gastrointestinal cancer, uterine cancer, astrocytomas, gliomas, basal cancer and squa-
meous cell carcinoma, sarcomas as Kaposi's sarcoma and osteosarcoma, head and neck cancer, small cell and non-
small cell lung carcinoma, leukemia, lymphomas and other blood cell cancers.
In another embodiment of this invention the disorder to be treated with such a TPDV belongs to the group of neuro-
degenerative diseases such as Alzheimer's disease or Huntington disease, or inflammatory diseases.
[0053] The targeted protein degradation vehicles of the present invention can be administered to a mammalian pa-
tient to treat cancer or in any other method of the invention which involves treating a patient by any means that produces
contact of the active agent with the agent's site of action in the body of the subject. Mammalian patients include humans.
A TPDV of the invention can be administered by any conventional means available for use in conjunction with phar-
maceuticals, either as individual therapeutic agents or in a combination of therapeutic agents. The compounds can be
administered alone, but are generally administered with a pharmaceutical carrier selected on the basis of the chosen
route of administration and standard pharmaceutical practice. Suitable pharmaceutical carriers are described in Rem-
ington's Pharmaceutical Sciences, Mack Publishing Company, a standard reference text in this field. The pharmaceu-
tical compositions of the invention may be adapted for oral, parenteral, transdermal, transmucosal, rectal or intranasal
administration, and may be in unit dosage form, as is well-known to those skilled in the pharmaceutical art. The term
"parenteral" as used herein includes subcutaneous, intraveneous, intramuscular, or intrasternal injection or infusion
techniques.
[0054] The appropriate dosage administered in any given case will of course vary depending upon known factors,
such as the route of administration; the age, general health, metabolism, weight of the recipient and other factors which
influence the response to the compound; the nature and extent of the symptoms; the kind of concurrent treatment; the
frequency of treatment; and the effect desired.



EP 1 426 055 A1

5

10

15

20

25

30

35

40

45

50

55

8

[0055] According to the invention a therapeutically effective amount of TPDV is administered to a mammalian patient
for a time and in an amount sufficient to achieve amelioration of the condition of the patient.
[0056] Figure 1 schematically shows the screening of peptide aptamers with a yeast-two-hybrid screening system.
Upon interaction between bait (Gal4 DNA binding domain fused with target protein) and prey (Gal4 transactivation
domain fused with thioredoxin peptide library) a complete Gal4 transcription factor is restored. This allows expression
of selection marker genes, which guaranties growth under selective conditions.
[0057] Figure 2 shows the amino acid sequences of protein transduction domains (PTD) so far characterized. All
PTDs contain numerous basic amino acids like arginine and lysine which mediate contact with the cell membrane. The
minimal TAT transduction domain encompasses the basic residues 47 - 55, whereas residues 267 to 300 mediate
transduction via the VP22 protein. In the Antennapedia protein (Antp), the third α-helix (aa 43 - 58) is responsible for
transduction. Modified from (Schwarze and Dowdy, 2000, Trends Pharmacol Sci, (21) 45-8.).
[0058] Figure 3 illustrates the function of the SOCS box.
[0059] The following examples further illustrate the invention:

Example 1

Provision of peptide aptamer

[0060] In order to isolate molecules that specifically interact with the kinase domain of the EGFR or with the dimer-
ization domain of in vivo, a peptide aptamer interaction screen was performed with the yeast strain KF1, which contains
three selectable growth marker: GAL2-Ade2, GAL1-HIS3 and SPO13-URA3 (Butz, Denk, Ullmann, Scheffner and
Hoppe-Seyler, 2000, Proc Natl Acad Sci U S A, (97) 6693-7).

Methods:

[0061] The N-terminal part of the EGFR kinase domain (aa 688-621) containing the critical lysine residue, which is
known to be responsible for binding of the ATP molecule, was used as bait. To identify interacting peptide aptamers
for Stat3 parts of the dimerization domain, which contains the critical tyrosine 705 has been used as bait. As prey the
bacterial E.coli trxA protein served as a scaffold to present constrained 20mer peptides of randomized sequence.

Results:

[0062] Screening of 107 yeast clones led to the isolation of three different transformants exhibiting growth in the
absence of adenine. Replating showed that the clones also grew in the absence of histidine and uracil. As the clones
grew under all three selection markers they can be considered as true positives and the amino acid sequences of the
aptamers are presented in SEQ ID NOs:1 to 3. None of the aptamers showed any similarity with known proteins, which
was expected as the aptamers are of random sequence and are not evolutionary pre-selected.
[0063] The following aptamer sequences were identified as binding specifically to the EGRFR:

[0064] The following aptamer sequence was identified as binding specifically to STAT3:

[0065] In order to verify the phenotype the rescued yeast expression plasmids were retransformed. All isolated pep-
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tide aptamer interacted again with the bait construct, but not with the Gal4 DNA binding domain alone. The binding
affinity and specificity of the isolated peptide aptamers was verified in GST-pulldown studies.

Example 2

[0066] The fusion protein KDI1-9RSOCS transduces fast and efficiency into A431 cells
[0067] Peptide aptamers were selected due to their binding affinity to a given target. We could show that only a
fraction of the selected aptamers exhibited an inhibitory function on the target protein. We enhanced their functional
properties by adding a delivery domain and a functional domain. Protein transduction domains mediate the uptake of
linked polypeptides into cells. Recently domains were identified which interact specifically with the protein degradation
pathway of cells. It was shown that the SOCS box domain of the SOCS-proteins (suppressors of cytokine signaling)
promote the ubiquitinylation of Jak and STAT proteins (Ungureanu, et al., 2002, Mol Cell Biol, (22) 3316-26.). The
isolated aptamers were fused with this domain. The resulting proteins (named TPDVs) promote interaction with the
target proteins (STAT3 and EGFR, respectively) and induce their degradation.

Methods:

[0068] A tri-partite fusion protein was designed consisting substantially of one of the selected aptamers (affinity
domain), a nine arginine protein transduction domain (delivery domain) and a SOCS box domain of the human SOCS1
protein (functional domain). The DNA constructs were cloned into the bacterial expression vector pET30. The following
constructs having the indicated coding sequences were prepared:

[0069] The fusion proteins were bacterially expressed and purified via affinity chromatography. A431 cells (human
vulval carcinoma cells) were treated for 4h with 0,5 and 1 µM KDI1-9R fusion protein. The uptake of the recombinant
protein into target cells was monitored in an immunofluorescence by staining with rabbit anti-Trx/anti-rabbit rhodamin
and anti-EGFR/anti-mouse FITC antibodies.

Results:

[0070] The tri-partite fusion protein KDI1-9RSOCS was able to transduce fast and efficiently into target cells, where
it co-localizes with the target protein. This could be observed by the microscopy. These data show that the SOCS box
domain does not influence the transduction or binding properties of the aptamer construct. This allows to use the protein
transduction method as an efficient delivery system for the targeted degradation of target proteins.

Example 3

[0071] Transduction of tri-partite TPDVs reduces the concentration of intracellular target protein
[0072] The dose- and time-dependence of the TPDV mechanism was monitored in immunofluorescence studies and
Western blot analysis

Methods:

[0073] A431 cells were transduced with increasing amounts of different SOCS box fusion proteins. After 3,5h the
cells were induced with 50 ng/ml EGF and synthesis of new EGFR was inhibited with 25 µg/ml cycloheximide. After
another 0,5h the cells were harvested, protein extracts were prepared and the presence of the EGFR was detected in
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a Western blot. Equal loading was monitored by staining the membrane with Ponceau Red.
[0074] Human myeloma cells U266 were transduced for 5h with 0,5 µM of aptamer 3.40 SOCS , 3.40 without a
SOCS-box domain, or left untreated. Cell lysates were prepared and subjected to Western blotting with a STAT3 specific
antibody. Equal loading was monitored by staining the membrane with Ponceau Red.

Results:

[0075] With increasing amounts of fusion protein KDI1-9R the receptor concentration could be efficiently reduced.
In addition a fusion protein comprising an aptamer directed against STAT3 (3.40-9RSOCS) reduced the intracellular
STAT3 concentration. However, the same fusion protein without a SOCS-box-domain did not exhibit such an effect:

Example 4:

[0076] Transduction of a tripartite SOCS-box fusion protein enhances the internalization and subsequent degradation
of a target protein
[0077] In order to show the SOCS-box mediated effect in target cells, the concentration and localization of the target
protein EGFR was monitored in immunofluorescence studies for different time points after transduction of the fusion
protein.

Methods:

[0078] Renca EGFR cells (murine renal carcinoma cells, stably transfected with the human EGFR) were grown on
cover slips. After adhesion the cells were treated for 1, 3 or 5h with 1,5 or 3 µM of KD11-9RSOCS. The cells were fixed
and an immunofluorescence staining of the fusion protein and the receptor was performed. The cells were incubated
with a mouse-anti-EGFR and a rabbit-anti-Thioredoxin antibody. The staining was visualized by using a FITC-coupled
anti-mouse antibody and a rhodamin-coupled anti-rabbit antibody. The cover slips were mounted with Mowiol on glass
slides and pictures were taken with a confocal laser scanning microscope.

Results:

[0079] Untreated cells show a strong EGFR staining at the cell membrane. The same cells show a weak red back-
ground staining of the Thioredoxin antibody. In cells treated with the TPDV a strong staining is visible due to efficient
transduction of the fusion protein into these cells. After one hour of treatment the EGFR concentration at the cell
membrane is unaltered, which shows that the receptor concentration is not influenced. After 3h exposure to 1,5 µM
KDI1-9RSOCS a punctuated EGFR staining is visible inside the cytoplasm. In addition the receptor staining is reduced.
After five hours the punctuated EGFR staining disappears. The receptor levels are strongly reduced. With 3 µM of the
fusion protein this effect is even more pronounced. This data shows that a recombinant TPDV protein is able to induce
receptor internalization and degradation within the cytoplasm. These results are consistent with data from Western
blotting studies, where 3 µM KDI1-9RSOCS causes the complete degradation of the EGFR.

Example 5

[0080] Time and dose dependence of the SOCS-box induced degradation of the EGFR and associated proteins
[0081] In order to determine the exact kinetics of the aptamer action, STAT3 and EGFR levels are determined after
exposure of cells to TPDV for different times and at different concentrations.

Methods:

[0082] Renca EGFR were treated with 3 and 5 µM of KDI1-9RSOCS. Total cell lysates were resolved in a SDS-PAGE.
After Western blotting the membrane was probed with an EGFR specific antibody. The blot was stripped and incubated
with a STAT3 and a STAT5 specific antibody. Equal proteins levels in each sample and the specificity of the process
was monitored by applying the cell lysates to a 12%SDS-Gel. After Western blotting the membrane was incubated
with an anti-actin antibody Renca EGFR cells were transduced with 5 µM KDI1-9RSOCS. After the indicated time
points, the cells were harvested and protein extracts were subjected to SDS-Page and subsequent Western blotting.
The amount of the receptor was detected with an anti-EGFR antibody. The blot was normalized by staining the mem-
brane with Ponceau Red.



EP 1 426 055 A1

5

10

15

20

25

30

35

40

45

50

55

11

Results:

[0083] Complete degradation of the EGFR can be achieved with 3 µM KDI1-9RSOCS within 4h. Signal transduction
is mediated via large protein complex - signalosomes. In an un-induced state the EGFR is already pre-associated with
signaling proteins, e.g. in A431 cells Jak2, STAT1,3 and 5 are constitutively complexed with the EGFR (Olayioye, et
al., 1999, J Biol Chem, (274) 17209-18). We show that this complex can be specifically targeted for degradation with
a SOCS-box aptamer directed against one of the complex components. STAT3 and 5 are efficiently degraded together
with the EGFR while the control protein, the cytoskeleton protein actin is completely unaffected.

Example 6

[0084] Transduction of KDI1-9R SOCS enhances the ubiquitinylation of the EGFR
[0085] It was shown that binding of SOCS proteins induces ubiquitinylation of the target protein (Ungureanu, Saha-
rinen, Junttila, Hilton and Silvennoinen, 2002, Mol Cell Biol, (22) 3316-26.). After dimerization the EGF receptor is
internalized into early endosomes. Depending on the activation and/or ubiquitination status of the receptor the endo-
somes are either recycled back to the membrane or fuse with lysosomes, where the receptor is degraded. As receptor
degradation is clearly dependant on the ubiquitination status of the receptor, it was assayed whether binding of the
aptamer to the receptor could enhance the ubiquitinylation of the target protein.

Methods:

[0086] A431 cells were transduced for 4h with increasing concentrations of KDI1-9R SOCS. 2h later the proteasom
was inhibited by the addition of 10 µM MG132. After another 2h cell lysates were prepared and the receptor was
precipitated with an EGFR specific antibody. Immunocomplexes were resolved in a SDS-PAGE. Ubiquitinylation of the
receptor was detected in a Western blot with an ubiquitin specific antibody.

Results:

[0087] We found that binding of KDI1-9RSOCS enhances ubiquitinylation of the EGFR. With 2 µM of the TPDV the
receptor could be completely degraded. In the presence of the proteasomal inhibitor MG132 this degradation could be
inhibited to a certain level. In the absence of a SOCS-box TPDV the receptor shows a basal mono-ubiquitinylation
which is mediated via c-Cbl representing the continuous turnover of the receptor (Waterman and Yarden, 2001, FEBS
Lett, (490) 142-52.). With increasing amounts of TPDV higher ubiquitinated forms of the receptor can be detected,
which represent poly-ubiquitinated forms of the EGFR. Especially with 5 µM KDI1-9R SOCS the receptor becomes
highly ubiquitinated. These results allow the conclusion, that due to binding of the tri-partite TPDV to the receptor, it
becomes ubiquitinated which marks the receptor for degradation.

Abbreviations:

[0088]

aa amino acids
bp base pair
E.coli Escherichia coli
EGF Epidermal growth factor
EGFR Epidermal growth factor receptor
ErbB Erythroblastosis retrovirus
FCS Fetal calf serum
FITC Fluoresceinisothiocyanat
h hour
Herc Human EGFR cells
Jak Janus Kinase
KD Kinasedomäne
kDa Kilodalton
m mouse
M Molar
mM Millimolar
NDF Neu differentiation factor
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NGF Neuronal growth factor
NRG Neuregulin
p Plasmid
PAGE Polyacrylamidgelelektrophorese
PY Phosphotyrosin
r rabbit
PTD protein transductions domain
RTK Rezeptor tyrosine kinase
S. cervisiae Saccharomyces cerevisiae
SOCS suppressors of cytokine signalling
STAT Signal transducers and activators of transcription
Trx Thioredoxin
TPDV targeted protein degradation vehicle
WB Western Blot
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Claims

1. A targeted protein degradation vehicle comprising at least the following components:

a) an affinity domain which binds to a specific target,
b) a delivery domain which delivers the vehicle into a cell and
c) a functional domain which degrades selectively a target protein.

2. A targeted protein degradation vehicle according to claim 1 wherein the affinity domain is a peptide aptamer or an
interaction domain which specifically recognizes the target protein.
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3. A targeted protein degradation vehicle according to claim 2 wherein the peptide aptamer specifically binds to the
epidermal growth factor receptor.

4. A targeted protein degradation vehicle according to claim 3 wherein the peptide aptamer comprises an amino acid
sequence selected from the sequences as shown in SEQ ID NO:1, SEQ ID NO:2 and SEQ ID NO:3.

5. A targeted protein degradation vehicle according to claim 2 wherein the peptide aptamer specifically binds to the
STAT3 protein.

6. A targeted protein degradation vehicle according to claim 5 wherein the peptide aptamer comprises the amino
acid sequence as shown in SEQ ID NO:4.

7. A targeted protein degradation vehicle according to any one of claims 1 to 6 wherein the delivery domain is selected
from the group consisting of the HIV TAT protein, the HSV VP22 protein, the Antennapedia protein or parts thereof
or an artificial protein transduction domain such as poly-lysine or poly arginine stretches or any combination of
such a transduction domain.

8. A targeted protein degradation vehicle according to any one of claims 1 to 7 wherein the functional domain is
selected from the group consisting of a SOCS-box, a F-box, a HECT domain and a U-box.

9. A nucleic acid coding for a targeted protein degradation vehicle according to any one of claims 1-8.

10. A nucleic acid according to claim 9 wherein the nucleic acid is deoxyribonucleic acid.

11. A plasmid or vector containing a nucleic acid according to claim 9 or 10 for transfection or viral transduction.

12. Use of a nucleic acid according to claim 9 or 10 or of a plasmid or vector according to claim 11 for research,
diagnostic or prognostic purposes.

13. A medicament characterizied in that it comprises a targeted protein degradation vehicle according to any one of
claims 1-8.

14. A medicament characterized in that it comprises a nucleic acid according to claim 9 or 10 or a plasmid or a vector
according to claim 11.

15. Use of a targeted protein degradation vehicle according to anyone of claims 1-8 or of a nucleic acid according to
claim 9 or 10 or of a plasmid or vector according to claim 11 for the preparation of a medicament for the treatment
of a disease wherein the selected degradation of a specific target has a beneficial effect for the patient.

16. Use according to claim 15 wherein the disease is selected from the group consisting of skin cancer, melanoma,
estrogen receptor-dependent and independent breast cancer, ovarian cancer, testosteron receptor-dependent and
independent prostate cancer, renal cancer, colon and colorectal cancer, pancreatic cancer, bladder cancer, es-
ophageal cancer, stomach cancer, genitourinary cancer, gastrointestinal cancer, uterine cancer, astrocytomas,
gliomas, basal cancer and squameous cell carcinoma, sarcomas as Kaposi's sarcoma and osteosarcoma, head
and neck cancer, small cell and non-small cell lung carcinoma, leukemia, lymphomas and other blood cell cancers
or neurodegenerative diseases such as Alzheimer's disease, Huntington disease, inflammatory disorders, psoria-
sis, fibrosis, atherosclerosis, heart, cardiac and circulation disorders and prion related disorders.



EP 1 426 055 A1

21



EP 1 426 055 A1

22



EP 1 426 055 A1

23



EP 1 426 055 A1

24



EP 1 426 055 A1

25



EP 1 426 055 A1

26



EP 1 426 055 A1

27


	bibliography
	description
	claims
	drawings
	search report

