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WNT4 AND MED12 FOR USE IN THE DIAGNOSIS AND TREATMENT OF
TUMOR DISEASES

Field of the invention

The present invention generally relates to the detection of characteristic mutations in genes
associated with aberrant cell growth and with the provision of novel means in the treatment of
corresponding diseases. In particular, the invention relates to methods for determination of the
response potential of specific tumors to selected kinds of treatment, for the estimation of the
growth potential of the tumors characterized by defined gene mutations and for the

differential diagnosis of tumors.

BACKGROUND OF THE INVENTION
Uterine leiomyomas (syn.: fibroids) are among the most frequent clinically relevant human
tumors leading, e.g., to abdominal pain, bleeding, and infertility. Their prevalence clearly
differs depending on ecthnicity but in most countries exceeds 50% of all women in their
reproductive ages [1,2]. The monoclonal origin of fibroids [3-6] suggests mutations of
myometrial target cells as the cause of the disease. Clonal chromosomal aberrations are found
in roughly 20% of the fibroids. Of these, recurrent chromosomal translocations involving
chromosomal regions 12ql4~15 or 6p21, respectively, that account for the majority of
cytogenetic deviations lead to transcriptional upregulation of the human high mobility group

AT-hook (HMGA) genes [7-9] resulting in an activation of the p14™™ — p53 network [10].

Nevertheless, the majority of the fibroids remain without cytogenetically visible changes of
the genome. Although only a minority of the leiomyomas becomes symptomatic, the presence
of symptomatic leiomyomas is still the leading cause for hysterectomy worldwide. Despite
their high prevalence the treatment options besides surgical removal by hysterectomy or
tumor enucleation are still limited. Treatment by gonadotropin-releasing hormone (GnRH)
agonists as well as antagonists can induce shrinkage of fibroids but re-growth of the tumors
usually occurs after termination of the therapy [3, 4]. Thus, intervention at the hormonal level
is as a rule only recommended to reduce tumor size pre-operatively [5]. Another alternative
represents embolization of the fibroids but the recurrence of myoma-related symptoms is not
a rare finding after that treatment as well [6]. Thus, therapies aimed at permanent shrinkage of

the fibroids still remain a challenge. Furthermore, diagnostic means are required allowing
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identification of the mutational origin in the prevalent cases which do not show chromosomal
aberrations. In this respect the clarification of the affected gene and/or signalling pathways
and accordingly an appropriate classification of the tumors is required for diagnostic means,
such as a better prediction of the development of a given tumor and possible base for

differential therapy allowing a more specific and effective treatment of the tumor.

The above-mentioned problems are solved by the embodiments characterized in the claims

and described further below.

SUMMARY OF THE INVENTION

The present invention is generally concerned with the detection of characteristic mutations of
the mediator sub-complex 12 gene (MEDI2) for use in the diagnosis of diseases associated
with aberrant cell growth and with the provision of novel means in the treatment of said
diseases by disclosing the changes of specific cellular characteristics observed in MEDI?2
mutated cells. In particular, tissue isolated from gynaecological tumors, such as fibroids as
well as endometrial polyps has been isolated and investigated in respect of chromosomal
rearrangements and specific mutations in the MEDI2 locus and the effects which the
occurrence of such genetic aberrations could have on the expression of factors involved in

cellular growth, proliferation and differentiation such as the Wnt4 gene.

In this context, experimental results obtained in accordance with the present invention
indicate an increased Wnt4 expression in tissue samples isolated from some gynaecological
tumors. It appears prudent therefore, to take measures which could ensure a reduction of the
Wht4 expression or even its down-regulation to wild type level, i.e. to levels comparable to
these in corresponding non-tumorous, healthy tissue as a therapeutic mean in treatment of
such tumors. Thus, the present invention generally relates to Wnt4 inhibitors for use in the
treatment of discases associated with aberrant cell growth such as a benign or malignant
gynaecological tumor. The Wnt4 inhibitors may pertain to different classes of molecules, e.g.,
small molecules, antibodies, antigen-binding fragments of antibodies, aptamers, spiegelmers,
siIRNA and miRNA and may be used in the treatment of several different tumors such as
uterine leiomyoma (UL), endometrial polyps, endometriosis, adenomyosis, leiomyosarcomas
of the uterus, aggressive angiomyxomas, endometrial carcinomas and Miillerian mixed

tumors.
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Furthermore, the present invention provides different methods which are based on the
detection of specific mutations affecting the MEDI2 gene and kits for use in these methods.
By detecting and determining one or more MEDI/2 mutations affecting the sequence
CAAGGT which will be described in detail further below, methods are disclosed allowing
determination of responsiveness of the tested tumor tissue to treatment with Wnt4 inhibitors,
wherein in addition or alternatively the Wnt4 expression is determined in the same sample.
Furthermore, a method based on the detection and determination of one or more MEDI2
mutations is provided, which allows the estimation of the growth potential of the tumor tested.
Likewise, pituitary tumors, prostate tumors or a prostate hyperplasia may be diagnosed by use
of methods of the present invention determining the presence or absence of MED/2 mutations

as defined hereinbefore and hereinafter in tissue samples isolated from patients.

Brief description of the drawings

Fig. 1: Chromatograms of the DNA sequences illustrating the different types of MEDI2
mutations, codon 43 and 44, as detected in 80 uterine fibroids analyzed.
The reference number of the respective tumor (cf. Tab. 1) is shown on the left of
cach chromatogram and the heterozygous mutation is indicated on the right. The wild
type (w.t.) sequence of the fragment shown is given in bold letters above the
chromatograms. (A): Results of two independent DNA analyses as well as of cDNA
analysis in a case displaying two MED/2 mutations. (B): Examples of the different
types of MEDI2 mutations affecting nucleotides ¢.128, ¢.130, and c.131. The
percentages in grey boxes refer to the frequencies of the corresponding type of
mutation among the MEDI2 mutations observed. Positions of the respective

mutations are indicated by arrows.

Fig. 2: The size of uterine fibroids with different types of mutations considerably varies.
(A): Distribution of fibroids with 12q14~15 rearrangement (black columns) and
those with an apparently normal karyotype along with MEDI2 mutations (white
columns) according to three size groups. (B): Distribution of fibroids with an
apparently normal karyotype and base transitions of either MED/2 ¢.130 G>A or
c.131 G>A (black columns) and those with an apparently normal karyotype along
with other MEDI2 mutations of the “fibroid type” (white columns) according to

three size groups.



10

15

20

25

30

WO 2013/050540 PCT/EP2012/069737

Fig. 3: Fibroids with MEDI12 mutation and normal karyotype (white columns) expressed
significantly higher amounts of Wnt4 mRNA than those with 12ql14~15
rearrangements (black columns) and normal myometrium (grey columns).

Ordinate: relative expression of Wnt4 mRNA determined by qRT-PCR. For tumor

case reference numbers see Tab. 1.

Fig. 4: Differential diagnosis of uterine smooth muscle tumors by using MEDI2 sequencing,
quantification of HMGA2 and MEDI2 gene expression, and fluorescence in situ
hybridization (FISH). Further investigations can be performed as, e.g., FISH for
detection of HMGA I rearrangements in cases where the proposed algorithm does not

lead to informative results.

Fig. 5: Important genetic subtypes of human uterine leiomyomas can be found in their
canine counterparts as well. (A): Alignment of a part of the human and canine
MED]I?2 gene harbouring leiomyoma-like mutations and occurrence of heterozygous
MED]?2 mutations (filled arrows) as revealed by DNA-sequencing of canine vaginal
leiomyomas from two dogs (H1,H8). Open arrow indicates a non-conserved nucleic
acid in the canine MEDI2 gene sequence. (B): Gene expression analysis (real-time
RT-PCR) reveals two groups of canine leiomyomas characterized by high and low
expression of HMGA2 mRNA. Ordinate: relative expression of canine HMGA?2
mRNA.

DETAILED DESCRIPTION OF THE INVENTION

Definitions
It is to be noted that the term "a" or "an" entity refers to one or more of that entity; for
example, "an polypeptide,” is understood to represent one or more polypeptides. As such, the

terms "a" (or "an"), "one or more," and "at least one" can be used interchangeably herein.

I. POLYPEPTIDES
As used herein, the term "polypeptide" is intended to encompass a singular "polypeptide” as
well as plural "polypeptides,” and refers to a molecule composed of monomers (amino acids)

linearly linked by amide bonds (also known as peptide bonds). The term "polypeptide” refers
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to any chain or chains of two or more amino acids, and does not refer to a specific length of

the product. Thus, dipeptides, tripeptides, oligopeptides, "peptide," "protein,” "amino acid
chain,”" or any other term used to refer to a chain or chains of two or more amino acids, are
included within the definition of "polypeptide,” and the term "polypeptide" may be used

instead of, or interchangeably with any of these terms.

The term "polypeptide" is also intended to refer to the products of post-expression
modifications of the polypeptide, including without limitation glycosylation, acetylation,
phosphorylation, amidation and derivatization by known protecting/blocking groups,
proteolytic cleavage, or modification by non-naturally occurring amino acids. A polypeptide
may be derived from a natural biological source or produced by recombinant technology, but
is not necessarily translated from a designated nucleic acid sequence. It may be generated in

any manner, including by chemical synthesis.

A polypeptide of the invention may be of a size of about 3 or more, 5 or more, 10 or more, 20
or more, 25 or more, 50 or more, 75 or more, 100 or more, 200 or more, 500 or more, 1,000
or more, or 2,000 or more amino acids. Polypeptides may have a defined three-dimensional
structure, although they do not necessarily have such structure. Polypeptides with a defined
three-dimensional structure are referred to as folded, and polypeptides which do not possess a
defined three-dimensional structure, but rather can adopt a large number of different
conformations, and are referred to as unfolded. As used herein, the term glycoprotein refers to
a protein coupled to at least one carbohydrate moiety that is attached to the protein via an
oxygen-containing or a nitrogen-containing side chain of an amino acid residue, e.g., a serine

residue or an asparagine residue.

By an "isolated" polypeptide or a fragment, variant, or derivative thercof is intended a
polypeptide that is not in its natural milieu. No particular level of purification is required. For
example, an isolated polypeptide can be removed from its native or natural environment.
Recombinantly produced polypeptides and proteins expressed in host cells are considered
isolated for purposed of the invention, as are native or recombinant polypeptides which have

been separated, fractionated, or partially or substantially purified by any suitable technique.



10

15

20

25

30

WO 2013/050540 PCT/EP2012/069737

II. Polynucleotides

The term "polynucleotide” is used interchangeably with the term "nucleic acid molecule", the
use of either of them is intended to encompass a singular nucleic acid as well as plural nucleic
acids, and refers to an isolated nucleic acid molecule or construct, e.g., messenger RNA
(mRNA) or plasmid DNA (pDNA). A polynucleotide may comprise a conventional
phosphodiester bond or a non-conventional bond (e.g., an amide bond, such as found in
peptide nucleic acids (PNA)). The term "nucleic acid” refers to any one or more nucleic acid
segments, e.g., DNA or RNA fragments, present in a polynucleotide. By "isolated" nucleic
acid or polynucleotide is intended a nucleic acid molecule, DNA or RNA, which has been
removed from its native environment. For example, a recombinant polynucleotide encoding
an antibody contained in a vector is considered isolated for the purposes of the present
invention. Further examples of an isolated polynucleotide include recombinant
polynucleotides maintained in heterologous host cells or purified (partially or substantially)
polynucleotides in solution. Isolated RNA molecules include in vivo or in vitro RNA
transcripts of polynucleotides of the present invention. Isolated polynucleotides or nucleic
acids according to the present invention further include such molecules produced
synthetically. In addition, polynucleotide or a nucleic acid may be or may include a regulatory

element such as a promoter, ribosome binding site, or a transcription terminator.

As used herein, a "coding region” is a portion of nucleic acid which consists of codons
translated into amino acids. Although a "stop codon" (TAG, TGA, or TAA) is not translated
into an amino acid, it may be considered to be part of a coding region, but any flanking
sequences, for example promoters, ribosome binding sites, transcriptional terminators,
introns, and the like, are not part of a coding region. Two or more coding regions of the
present invention can be present in a single polynucleotide construct, e.g., on a single vector,
or in separate polynucleotide constructs, e.g., on separate (different) vectors. Furthermore, any
vector may contain a single coding region, or may comprise two or more coding regions, e.g.,
a single vector may separately encode an immunoglobulin heavy chain variable region and an
immunoglobulin light chain variable region. In addition, a vector, polynucleotide, or nucleic
acid of the invention may encode heterologous coding regions, either fused or unfused to a
nucleic acid encoding a binding molecule, an antibody, or fragment, variant, or derivative
thereof. Heterologous coding regions include without limitation specialized elements or

motifs, such as a secretory signal peptide or a heterologous functional domain.
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In certain embodiments, the polynucleotide or nucleic acid is DNA. In the case of DNA, a
polynucleotide comprising a nucleic acid which encodes a polypeptide normally may include
a promoter and/or other transcription or translation control elements operable associated with
one or more coding regions. An operable association is when a coding region for a gene
product, e.g., a polypeptide, is associated with one or more regulatory sequences in such a
way as to place expression of the gene product under the influence or control of the regulatory
sequence(s). Two DNA fragments (such as a polypeptide coding region and a promoter
associated therewith) are "operable associated" or "operable linked" if induction of promoter
function results in the transcription of mRNA encoding the desired gene product and if the
nature of the linkage between the two DNA fragments does not interfere with the ability of
the expression regulatory sequences to direct the expression of the gene product or interfere
with the ability of the DNA template to be transcribed. Thus, a promoter region would be
operable associated with a nucleic acid encoding a polypeptide if the promoter was capable of
effecting transcription of that nucleic acid. The promoter may be a cell-specific promoter that
directs substantial transcription of the DNA only in predetermined cells. Other transcription
control elements, besides a promoter, for example enhancers, operators, repressors, and
transcription termination signals, can be operable associated with the polynucleotide to direct
cell-specific transcription. Suitable promoters and other transcription control regions are

disclosed herein.

III. MEDI2 mutations and chromosomal aberrations

Despite of numerous scientific studies, the majority of the fibroids remains without
cytogenetically visible changes of the genome. Quite recently, Mikinen and colleagues [11]
have presented convincing evidence that characteristic mutations of the mediator subcomplex
12 gene (MEDI2) with a predominance of single base substitutions affecting codon 44
characterize a large subgroup of fibroids. Being part of the preinitiation complex, Mediator
forms a large approximately 1.2 MDa aggregate of different subunits involved in the
interaction between RNA polymerase II and transcription factors thus performing both
general as well as gene-specific roles to activate or repress gene transcription (for review see
[12]). Med12 is part of one of the subunits participating in the formation of Mediator and,
more specifically, its CDK8 submodule. Alterations of MEDI2 that has been assigned to
Xql3.1 are known to cause the Opitz-Kaveggia and Lujan-Fryns syndrome [13,14] both
associated with X-linked mental retardation. The mutations of MEDI/2 now found in

leiomyomas are restricted to a different part of the gene. In the study by Mékinen 159 of 225
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lesions (70%) from a total of 80 patients displayed MEDI2 mutations with a clear
predominance of single base substitutions in codon 44. In all tumors analyzed, the mutations
were heterozygous and no fibroid showed more than one mutation. cDNA sequencing
typically revealed a highly predominant expression of the mutant allele of the X in the tumors.
The data represent an important step in understanding the pathogenesis of these highly

frequent tumors but at the same time raise a couple of new questions.

It is well documented that fibroids can be subdivided based on the existence of clonal
chromosomal aberrations as, e.g., deletions of the long arm of chromosome 7, trisomy 12, or
chromosomal rearrangements targeting either of the two human HMGA gene loci (see [15] for
a review). From the data presented by Mikinen ef al. it is not clear whether the MEDI2
mutations coincide with the existence of these karyotypic aberrations or whether they
represent independent groups. Mechanistically, Med12 akin to Hmga2 has the ability to
influence transcription in a more general way and thus mutations of both genes can be
expected to have pleiotropic effects. Experiments described in the present invention shed
further light on the molecular pathogenesis of fibroids providing data concerning coexistence
of MEDI2 mutations with other known mutations in fibroids and in particular with those

affecting the HMGA genes; see, e.g., Example 2 and Table 1.

Moreover, the present invention provides data indicating to which extent these mutations
occur in other benign or malignant tumors as well; see, e.g., Example 5. Of note, uterine
fibroids belong to a large group of benign tumors frequently showing chromosomal
rearrangements of the loci of the two genes encoding HMGA proteins (HMGA I, HMGA?2) as
well as cases with an apparently normal karyotype. Examples of other tumors with these
abnormalities are endometrial polyps [16-18] and lipomas [8,19]. Thus, the important
question is addressed whether in these tumors the "fibroid-type" MEDI2 mutations can be

found as well.

Experimental data obtained in experiments performed within the scope of the present
invention addressing these questions and arising from the analysis of a series of 80
cytogenetically characterized fibroids as well as 21 endometrial polyps for MED/2 mutations
of the "fibroid-type" [11] are described; see, e.g., Example 1 and Table 1. Due to the
experimental results obtained in accordance with the present invention, novel therapeutic

targets such as the Wnt4 gene as well as interesting markers for the diagnosis and prediction
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of the course of the disease, e.g., different MED12 mutations and the Wnt4 gene, have been

identified and will be described in detail hereinbelow.

IV.  Wnt4 inhibitors

Preliminary data obtained in accordance with the present invention concerning gene
expression alterations in several fibroid samples indicate enhanced Wnt4 expression playing a
key role in genesis of gynecological tumors; see, e.g., Example 4 and Figure 3. Therefore, the
present invention generally relates to a Wnt4 inhibitor for use in the treatment of a benign or
malignant gynaecological tumor, for example, wherein the tumor is selected from the group
consisting of endometrial polyps, endometriosis, adenomyosis, leiomyosarcomas of the

uterus, aggressive angiomyxomas, endometrial carcinomas and Miillerian mixed tumors.

In a particularly preferred embodiment of the present invention the Wnt4 inhibitor is used for

the treatment of uterine leiomyoma (UL)

The main aim of the use of Wnt4 inhibitors according to the present invention is to disturb or
to inhibit the cell signalling permitted by Wnt4 activity thereby reducing the growth and
proliferative potential of cells from gynecological tumors. Furthermore, generally all Wnt4
inhibitors can be used in a way to reduce or to disrupt cell signalling dependent of Wnt4 in
aberrantly growing mesenchymal stem cells and their descendants, e.g., leiomyoma cells.
There are several possible modes of action by which these effects can be achieved in respect
of the present invention, wherein the Wnt4 inhibitors can be used besides for a direct
inhibition of the interaction of Wnt4 with the members of the frizzled family of seven
transmembrane receptors and/or members of Low Density Lipoprotein Receptor-related
Protein (LRP) family, e.g. LRP-5 or LRP-6 involved in reception of Wnt-signalling as co-
receptors for a reduction of Wnt4 activity by disturbing or inhibiting of one or more processes
such as the following: Wnt4 gene expression, splicing of the Wnt4-mRNA, maturing of the
Wnt4-mRNA, transport of the mRNA out of the nucleus, translation of Wnt4 mRNA,
transport of the Wnt4-protein through the cell, its secretion from the signalling cell and/or
interfering with the Wnt-signal transduction from the receptor at the cell membrane to the
nucleus by interfering with the molecules involved in the signal transduction such as, e.g.,
Axin, GSK-3 (glycogen syntase kinase-3) or beta-catenin. Generally, Wnt4 inhibitors of the
present invention include but are not limited to "antigen binding molecules” binding with a

specific binding affinity its corresponding target molecule, e.g., an antigen of interest or a
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nucleic acid of interest such as the Wnt4 protein and (pre) mRNA encoding it or
corresponding genomic DNA. An "antigen binding molecule" is any molecule that has at least
an affinity of 10° /mol for its target molecule. The antigen-binding molecule, i.c. Wnt4
inhibitor of the present invention preferably has an affinity of 10° of 10, or also preferred at
least 10° or 10°, or more preferred at least 10'°, 10" or 10" 1/mol for its target molecule.
Preferably the antigen-binding moleclue specifically binds to the target of interest. As the
skilled artisan will appreciate, the term specific is used to indicate that other biomolecules
present in the sample do not significantly bind to the antigen-binding molecule. Preferably,
the level of binding to a biomolecule other than the target molecule results in a binding
affinity which is at most only 10% or less, only 5% or less only 2% or less or only 1% or less
of the affinity to the target molecule, respectively. A preferred specific binding agent will

fulfill both the above minimum criteria for affinity as well as for specificity.

Inhibitors of the Wnt-signalling pathway are known in the art. For example, the non-steroidal
anti-inflammatory compound sulindac (CAS Registry No. 38194-50-2; described in U.S. Pat.
No. 3,654,349) is an exemplary Wnt-signalling pathway inhibitor. In particular, sulindac
inhibits B-catenin/LCF-regulated transcription of target genes [50-52]. Inhibition of the Wnt-
signalling pathway by other inhibitors such as antibodies, aptamers or small molecules has
been described as well in, e.g., international applications WO 2011/103426 and WO
2010/146055 and [53].

Despite of the presence and usage of several distinct Wnt ligands in one organism, most of the
other components of the Wnt-pathway are highly conserved and used for the transduction of
signals elicited by said several Wnt ligands. Thus, the above described methods can be used at
least in an analogous manner for Wnt4 inhibition. In one embodiment of the present invention
the Wnt4 inhibitor is sclected from the group consisting of small molecules, antibodies,

antigen-binding antibody fragments, aptamers, spiegelmers, siRNA and miRNA.

V. Antibodies and antigen-binding fragments thereof

One class of molecules which can be used according to the present invention as a Wnt4
inhibitor are antibodies and antigen-binding fragments thercof. Methods for producing an
antibody, in particular a monoclonal antibody in hybridoma cells, for example a human
antibody are known in the art and are described, e.g., in Goding, "Monoclonal Antibodies:

Principles and Practice", Academic Press, pp 59-103 (1986). Methods for producing a
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chimeric antibody, murinized antibody, single-chain antibody, Fab-fragment, bi-specific
antibody, fusion antibody, labeled antibody or an analog of any one of those are known as
well to the person skilled in the art and are described, e.g., in Harlow and Lane "Antibodies, A
Laboratory Manual”, CSH Press, Cold Spring Harbor (1988). The production of chimeric
antibodies is described, for example, in international application W0O89/09622. Methods for
the production of humanized antibodies are described in, e.g., European application EP-A1 0
239 400 and international application WO90/07861. Further sources of antibodies to be
utilized in accordance with the present invention are so-called xenogeneic antibodies. The
general principle for the production of xenogeneic antibodies such as human-like antibodies
in mice is described in, e.g., international applications WO091/10741, W094/02602,
WO096/34096 and WO 96/33735. As discussed above, the antibody of the invention may exist
in a variety of forms besides complete antibodies; including antigen-binding antibody
fragments, for example, Fv, Fab and F(ab)2, as well as in single chains; see e.g. international

application WO88/09344.

VI.  Gene inhibition and molecules used therefor

Besides of antibodies and fragments thereof, which can be used according to the present
invention to lower Wnt4 protein levels, expression of genes or levels of specific proteins in
cells or organs can be reduced as well by techniques using antisense molecules, for example.
"Antisense molecules" or "antisense reagents" can, in the present context, be any molecule
that hybridizes by a sequence specific base pairing to a complementary DNA and/or RNA
sequence. In the context of this invention, "hybridization" means hydrogen bonding, which
may be Watson-Crick, Hoogsteen or reversed Hoogsteen hydrogen bonding, between
complementary nucleoside or nucleotide bases. For example, adenine and thymine are

complementary nucleobases which pair through the formation of hydrogen bonds.

It is understood in the art that the sequence of an antisense compound need not be 100%
complementary to that of its target nucleic acid to be specifically hybridizable. An antisense
compound is specifically hybridizable when binding of the compound to the target DNA or
RNA molecule interferes with the normal function of the target DNA or RNA to cause a loss
of utility, and there is a sufficient degree of complementarity to avoid nonspecific binding of
the antisense compound to non-target sequences under conditions in which specific binding is
desired, i.e. under physiological conditions in the case of in vivo assays, and in the case of in

vitro assays, under conditions in which the assays are performed. Typical "antisense
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molecules" or "antisense reagents" are any oligonucleotide, such as DNA, RNA, any peptide
nucleic acid, any other nucleic acid derivative, or mimic and/or derivative thereof. The target
sequence is not restricted to the "sense" or "coding” strand of mRNA, although this is often
the target. According to the present invention "antisense molecules,” or "antisense constructs”
can be employed which are used interchangeably in the present text. In one embodiment of
the present invention the use of oligonucleotides, for use in modulating the function of nucleic
acid molecules encoding genes, in particular of the Wnt4 gene is addressed. This is
accomplished by providing antisense compounds which specifically hybridize with one or

more nucleic acids encoding a target gene, such as the Wnt4 gene.

As used herein, the term "target nucleic acid" encompasses a DNA encoding said gene, and/or
an RNA (including pre-mRNA and mRNA) transcribed from such DNA. The specific
hybridization of an oligomeric compound with its target nucleic acid interferes with the
normal function of the nucleic acid. This modulation of function of a target nucleic acid by
compounds which specifically hybridize to it is generally referred to as "antisense" (when the
target is RNA) or "antigene" (when the target is DNA). The functions of DNA to be interfered
with include replication and transcription. This effect is referred to as "antigene". Such
interactions may occure by binding of the "antigene" molecule to the DNA double-helix as a
third strand in its major groove forming a structure also known as "triplex DNA" or "triple
helix DNA" (Frank-Kamenetskii, Annu. Rev. of Biochem. 64 (1995), 65-95; Rusling et al.,
Nucleic Acids Res. 33 (2005), 3025-3032). The functions of RNA to be interfered with
include all vital functions such as, for example, translocation of the RNA to the site of protein
translation, translation of protein from the RNA, splicing of the RNA to yield one or more
mRNA species, and catalytic activity which may be engaged in or facilitated by the RNA and
is referred to as "antisense". However, the distinction between "antisense" and "antigene" is

not absolute.

The overall effect of such interferences with target nucleic acid function is a specific
modulation of the expression of said essential gene. In the context of the present invention,
"modulation" means either an increase (stimulation) or a decrease (inhibition) in the
expression of a gene. In the context of the present invention, in particular concerning

modulation of Wnt4, inhibition is the preferred form of modulation of gene expression.
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In the present invention, antisense molecules can be selected from the group consisting of
oligonucleotides, oligonucleotide analogues, oligonucleotide mimics, such as for example
PNA, locked nucleic acids (LNA), phosphorothioate, 2'-methoxy-, 2'-methoxyethoxy-,
morpholino, phosphoramidate oligonucleotides or the like. In the present invention, antigene
molecules can furthermore be selected from the group consisting of triplex forming or strand
invading oligonucleotides, oligonucleotide analogues, oligonucleotide mimics, such as for
example PNA, locked nucleic acids (LNA), phosphorothioate, 2'-methoxy-, 2'-
methoxyetyhoxy-, morpholino, phosphoramidate oligonucleotides or DNA minor groove
binding polyamides (oligo pyrroles/imidazoles etc.) as described (Gottesfeld et al.,, Gene
Expr. 9 (2000), 77-91; Dervan and Biirli, Curr. Opin. Chem. Biol. 3 (1999), 688-693) and the
like.

The term "oligonucleotide(s)" refers to an oligomer or polymer of ribonucleic acid (RNA) or
deoxyribonucleic acid (DNA) or mimetics thereof. This term includes oligonucleotides
composed of naturally-occurring nucleobases, sugars and covalent internucleoside (backbone)
linkages as well as oligonucleotides having non-naturally occurring nucleobases, sugars and
covalent internucleoside (backbone) linkages which function similarly or combinations
thereof. Such modified or substituted oligonucleotides are often preferred over native forms
because of desirable properties such as, for example, enhanced cellular uptake, enhanced
affinity for nucleic acid target and increased stability in the presence of nucleases and other
enzymes, and are in the present context described by the terms "oligonucleotide analogues"” or
"oligonucleotide mimics".

The antisense compounds in accordance with this invention preferably comprise from 7 to 80
nucleobase units, preferably not more than 30 nucleobase units to avoid an interferon
response (Manche et al., Mol. Cell. Biol. 12(1992), 5238-5248). The term "nucleobase units"
is used in the present text to describe both the number of nucleotides in an oligonucleotide
and the number of nucleobase-carrying monomers of an oligonucleotide mimetic. Particularly
preferred antisense compounds are antisense oligonucleotides, even more preferably those
comprising from 14 to 29 nucleobases. Most preferred are short RNA based antisense
oligonucleotides comprising around 20 nucleobases, i.e. from 18 to 26 nucleobases, of two

particular molecular classes, either single stranded (miRNA) or double stranded (siRNA).

Unmodified, naked antisense molecules were reported to be internalized poorly by cells,

whether or not they are negatively charged (Grey et al., Biochem. Pharmacol. 53 (1997).
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1465-1476, Stein et al., Biochemistry 32 (1993), 4855-4861. Bennet ef al., Mol. Pharmacol.
41 (1992), 1023-1033). Therefore, the oligonucleotides may be modified or used in
compositions with other agents such as lipid carriers (Fattal ef al., Adv. Drug Deliv. Rev. 56
(2004), 931-946), microparticles (Khan et al., J. Drug Target 12 (2004), 393-404) or by
covalent conjugation to cell-penetrating peptides (CPP) allowing translocation of the
antisense molecules through the cell membrane; see Lysik and Wu-Pong, J. Pharm. Sci. 92

(2003), 1559-1573 for an review.

As used herein, the term "aptamer” refers to a DNA or RNA molecule that has been selected
from random pools based on their ability to bind other molecules with high affinity specificity
based on non- Watson and Crick interactions with the target molecule (see, e.g., Cox and
Ellington, Bioorg. Med. Chem. 9 (2001), 2525-2531; Lee et al., Nuc. Acids Res. 32 (2004),
D95-D100). In accordance with the present invention aptamers can be selected which bind

molecules such as nucleic acids or proteins.

The peptides and aptamers of the present invention are synthesized by any suitable method.
For example, targeting peptides and aptamers of the present invention can be chemically
synthesized by solid phase peptide synthesis. Techniques for solid phase synthesis are
described, for example, by Barany and Merrifield (1979) Solid-Phase Peptide Synthesis; pp.
1-284 in The Peptides: Analysis, Synthesis, Biology, (Gross. and Meinchofer, eds.),
Academic, New York, Vol. 2, Special Methods in Peptide Synthesis, Part A.; Merrifield, J.
Am. Chem. Soc, 85 (1963), 2149-2154; and Stewart and Young (1984) Solid Phase Peptide
Synthesis, 2nd ed. Pierce Chem. Co., Rockford, Illinois.

Spiegelmers are nucleic acids comprising a number of L-nucleotides which show binding
activities towards a target or a part thereof. The basic method of Spiegelmer generation is
subject to the international patent application WO 1998/008856 the disclosure of which is
incorporated herein by reference. Basically, this method relies on the so-called SELEX
technique as described, e.g., in US 5,475,096. The method uses combinatorial DNA or RNA
libraries comprising a randomised stretch of about 10 to about 100 nucleotides which are
flanked by two primer binding regions at the 5' and 3' end. The generation of such
combinatorial libraries is, for example, described in Conrad et al., Methods Enzymol., 267
(1996), 336-367. Such a chemically synthesized single-stranded DNA library may be

transferred into a double-stranded library via polymerase chain reaction.
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Such a library may already be used for selection purpose. The selection occurs such that the,
typically single-stranded, library is contacted with a target molecule and the binding elements
of the library are then amplified. By repeating these steps several times oligonucleotide

molecules may be generated having a significant binding activity towards the target used.

Spiegelmers, as said above, are actually L-polynucleotides which are generated such that D-
polynucleotides are selected against a target molecule which is present in its non-naturally
occurring enantiomer, and the nucleic acid binding thereto is then synthesized using L-
nucleotides creating the L-polynucleotide, which is the spiegelmer. This L-polynucleotide is
capable of binding to the target molecule in its naturally occurring form. In case the target is a
protein or peptide the non-naturally occurring enantiomer is the D-protein/peptide and the
naturally occurring enantiomer is the L-protein/peptide. In accordance with the present
invention spiegelmers can be used which bind molecules such as proteins, peptides or nucleic

acids.

VII. Methods of the present invention

Preliminary results obtained in accordance with the present invention (see, e.g., Example 4

and Figure 3) indicate a surprising correlation between specific base substitutions in the

MED]2-locus and Wnt4 expression. Therefore, in one embodiment of the present invention a

method is provided to determine the response potential of a tumor as defined hereinabove and

below to a treatment with a Wnt4 inhibitor, comprising:

(a) detecting at least one MEDI2-mutation affecting the sequence CAAGGT
(corresponding to bases 326 to 331 of the MED/2-mRNA-sequence of SEQ ID NO: 1)
encoding codons 43 to 44 of the MED2-gene, in a test sample derived from a patient,
wherein the presence of said at least one MED/2-mutation is indicative for a tumor
responsive to treatment by Wnt4 inhibitors; and/or

(b) determining Wnt4 expression in a test sample derived from a patient, wherein an
enhanced expression compared to a control sample is indicative for a tumor responsive

to treatment by Wnt4 inhibitors.

The ¢cDNA-Sequence of MEDI2 with underlined nucleotides ¢.127 to ¢.132 is enlisted in
Table 2 further below.
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Further preliminary results obtained in accordance with the present invention (see, e.g., in
Example 3 and Figure 2) indicate a close relationship between the occurrence of specific point
mutations in the MEDI2 gene locus and the growth potential of the tumors composed of the
mutated cells. Thus, in one embodiment a method for detection of at least one MEDI2-
mutation as defined hereinabove for use in determining the growth potential of a tumor as
defined hereinabove comprising detecting at least one MED/2-mutation in a test sample
derived from a patient, wherein ¢.130 or ¢.131G>A transitions at codons 43 or 44 of the
MED]2-gene are indicative of a higher growth potential of the tumor compared to a tumor

comprising different MED2-mutations at codons 43 or 44 is provided.

Several reports have shown that Wnt4 signaling may contribute directly or indirectly to
initiation or progression of tumors due to the regulation of Wnt4 expression by several tumor
suppressors including the classic tumor suppressor p53 gene family members p63 and p73,
the Wilms' tumor suppressor WT1, and the cyclin/CDK inhibitor p21 [41; 45-47]. In
particular, published data suggest Wnt4 involvement in the proliferation and survival of the
pituitary adenoma cells [48] and possible involvement in development of prostate tumors due
to an autoregulatory negative feedback-loop between EAF (ELL-associated factor) family
members, EAF1 and EAF2/U19 which play a role in cancer and embryogenesis and Wnt4.

Therefore, in another embodiment the present invention provides a method for diagnosing a
pituitary tumor, a prostate tumor or a prostate hyperplasia comprising detecting MEDI2

mutations in a test sample derived from the respective pituitary gland or prostate.

In the majority of cases, there is no great difficulty to distinguish between benign and
malignant smooth muscle tumors. Nevertheless, in rare cases the exact diagnosis is difficult
and thus the development of strategies for the differential diagnosis in these cases still
remains an unmet challenge. In this context, due to the preliminary experimental results
obtained in accordance with the present invention, new methods and kits are provided herein

allowing differential diagnosis indicative for the malignancy of an analysed tumor sample.

According to the experimental data provided and discussed herein, MEDI2 mutations and
rearrangements of the gene encoding high mobility group protein AT-hook 2 (HMGAZ2) occur
in apparently mutually exclusive uterine leiomyomas types. However, it is not clear yet

whether MEDI2 mutations occur in malignant uterine tumors as well. Surprisingly, the
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experiments performed within the scope of the present invention show that MED2 mutations
are very rare in malignant uterine tumors (see, Example 6 and Tab.3). Thus, in accordance
with the experimental results provided within the scope of the present invention and since
former experiments have shown that HMGI-2 (formerly HMGI-C) expression levels in
normal differentiated tissues are very much lower than in malignant tissues [see, e.g.,
European patent application EP 072 748 7 Al and citations 54-56] a method to distinguish
between benign and malignant smooth muscle tumors of the uterus is provided herein as
depicted in an extremely schematic manner in Fig. 4. By using these algorithms or a different
combination of their parameters (including as well analysis of potential HMGAI1
rearrangements where the proposed algorithm does not lead to informative results) a skilled
person will be able to unambiguously distinguish between benign and malignant smooth

muscle tumors.

In this respect, the present invention provides a method for differential diagnosis of uterine

smooth muscle tumors comprising:

(a) detection of a mutation in the MED12 gene and its expression; and/or

(b) determination of expression of the gene encoding high mobility group protein AT-hook
2 (HMGA?2) and/or of rearrangements of the HMGA1 and/or HMGA2 gene locus in a
test sample from a patient; wherein:

(1) increased and/or ectopic HMGA2 expression, absence of a MEDI12 mutation, and
absence of rearrangements of the HMGA2 gene locus are indicative for a malignant
smooth muscle tumor;

(i) increased and/or ectopic HMGA2 expression, and presence of rearrangements of the
HMGAZ2 gene locus are indicative for a benign smooth muscle tumor;

(i) presence of a MED12 mutation, normal HMGA2 and MEDI12 expression and absence
of rearrangements of the HMGA2 gene locus are indicative for a benign smooth muscle
tumor;

(iv) presence of rearrangements of the HMGA1 gene locus, normal HMGA2 expression,
absence of a MED12 mutation and absence of rearrangements of the HMGA2 gene
locus are indicative for a benign smooth muscle tumor;

(v) presence of a MED12 mutation, normal HMGA?2 expression, not detectable MED12
expression and absence of rearrangements of the HMGA?2 gene locus are indicative for

a malignant smooth muscle tumor; and
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(vi) increased and/or ectopic HMGA2 expression and presence of a MED12 mutation are

indicative for a malignant smooth muscle tumor.

Preliminary experimental results provided within the scope of the present invention indicate
that mutations of the MEDI2 gene in leiomyomas may preferentially be found in sequence
regions encoding codons 43 and 44. Therefore, in one embodiment of the present invention
the method for differential diagnosis is provided, wherein the MEDI2 gene is analyzed for
presence of a mutation affecting the sequence CAAGGT (corresponding to bases 326 to 331
of the MED12-mRNA-sequence of SEQ ID NO: 1) encoding codons 43 to 44.

In a preferred embodiment of the present invention, the method for differential diagnosis is
provided, wherein the malignant smooth muscle tumor is leiomyosarcoma and the benign

smooth muscle tumor is leiomyoma.

Due to various similarities in biology and presentation of human and canine cancers, dogs are
used besides rodents as a further animal model for therapeutic and preclinical studies and
offer additional means to elucidate the pathogenesis of tumor formation, study the effects of
hormones and agents on the development and growth of these tumors as well as to test
potential therapeutic modalities. In this respect, preliminary experimental results provided
herein show that in dogs the same main genetic groups of uterine leiomyomas exist as found
in humans, i.e. occurrence of MEDI/2 mutations, rearrangements and/or overexpression of
HMGA genes (see, e.g., Example 7 and Fig. 5). It is prudent thus, to conclude that both types
of mutations are a general phenomenon characterizing subtypes of uterine leiomyomas in

mammals.

Therefore, in a further embodiment the present invention provides a method for identification
of suitable mammalian models for different types of smooth muscle tumors comprising the
method for differential diagnosis as defined hereinabove, wherein the presence of a MED/2
mutation, HMGA2 expression and/or presence of rearrangements of the HMGA2 and/or
HMGAI gene locus are analyzed in respect of homologues of the human MEDI2, HMGAI

and HMGA?2 genes in a test sample of the respective mammal.

As used herein, “orthologues” are separate occurrences of the same gene in multiple species.

The separate occurrences have similar, albeit nonidentical, amino acid sequences, the degree
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of sequence similarity depending, in part, upon the evolutionary distance of the species from a
common ancestor having the same gene. As used herein, the term “paralogues” indicates
separate occurrences of a gene in one species. The separate occurrences have similar, albeit
nonidentical, amino acid sequences, the degree of sequence similarity depending, in part,
upon the evolutionary distance from the gene duplication event giving rise to the separate
occurrences. Normally, orthologs retain the same function in the course of evolution [57].
Paralogues often retain the same or a similar function.

The term “homologues”, as used herein, is generic to “orthologues” and “paralogues”.

VIII. Kits

In one embodiment the present invention relates to a kit useful in a method as defined
hereinabove, comprising one or more reagents for detecting the MED/2-mutations. In one
embodiment the above-mentioned kit is provided, wherein the reagents comprise an antibody

or a nucleic acid.

In a further embodiment the above-mentioned kit is provided, comprising primers for the
amplification of a fragment of the genomic template DNA region comprising the MEDI?2
locus, and/or for amplification of a target cDNA-fragment generated from a MEDI2-mRNA

and/or for sequencing of said amplified fragments.

Furthermore, in one embodiment the above-mentioned kit is provided comprising primers for

the quantification of Wnt4 expression in a test sample.

In a further embodiment, the above-mentioned kit is provided further comprising reagents for
the quantification of HMGA2 expression, for detection of HMGA2 expression and/or of
rearrangements of the HMGA2 and/or HMGA I gene locus in a test sample.

The examples which follow further illustrate the invention, but should not be construed as to
limit the scope of the invention in any way. Detailed descriptions of conventional methods,
such as those employed herein can be found in the cited literature; see also "The Merck
Manual of Diagnosis and Therapy" Seventeenth Ed. edited by Beers and Berkow (Merck &
Co., Inc. 2003). The practice of the present invention will employ, unless otherwise indicated,
conventional techniques of cell biology, cell culture, molecular biology, transgenic biology,

microbiology, recombinant DNA, and immunology, which are within the skill of the art.
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Suitable regimens for therapeutic administration and methods for preparing pharmaceutical
compositions of the invention are within the skill in the art, for example as described in
Remington's Pharmaceutical Science, 17th ed., Mack Publishing Company, Easton, Pa.
(1985) and update version Remington: The Science and Practice of Pharmacy (2000) by the
University of Sciences in Philadelphia, ISBN 0-683-306472, the entire disclosure of both

documents which is incorporated herein by reference.

Methods in molecular genetics and genetic engineering are described generally in the current
editions of Molecular Cloning: A Laboratory Manual, (Sambrook et al., (1989) Molecular
Cloning: A Laboratory Manual, 2nd ed., Cold Spring Harbor Laboratory Press); DNA
Cloning, Volumes I and II (Glover ed., 1985); Oligonucleotide Synthesis (Gait ed., 1984);
Nucleic Acid Hybridization (Hames and Higgins eds. 1984); Transcription And Translation
(Hames and Higgins eds. 1984); Culture Of Animal Cells (Freshney and Alan, Liss, Inc.,
1987); Gene Transfer Vectors for Mammalian Cells (Miller and Calos, eds.); Current
Protocols in Molecular Biology and Short Protocols in Molecular Biology, 3rd Edition
(Ausubel et al., eds.); and Recombinant DNA Methodology (Wu, ed., Academic Press). Gene
Transfer Vectors For Mammalian Cells (Miller and Calos, eds., 1987, Cold Spring Harbor
Laboratory); Methods In Enzymology, Vols. 154 and 155 (Wu et al., eds.); Immobilized Cells
And Enzymes (IRL Press, 1986); Perbal, A Practical Guide To Molecular Cloning (1984); the
treatise, Methods In Enzymology (Academic Press, Inc., N.Y.); Immunochemical Methods In
Cell And Molecular Biology (Mayer and Walker, eds., Academic Press, London, 1987);
Handbook Of Experimental Immunology, Volumes I-IV (Weir and Blackwell, eds., 1986).
Reagents, cloning vectors, and kits for genetic manipulation referred to in this disclosure are
available from commercial vendors such as BioRad, Stratagene, Invitrogen, and Clontech.
General techniques in cell culture and media collection are outlined in Large Scale
Mammalian Cell Culture (Hu et al., Curr. Opin. Biotechnol. 8 (1997), 148); Serum-free
Media (Kitano, Biotechnology 17 (1991), 73); Large Scale Mammalian Cell Culture (Curr.
Opin. Biotechnol. 2 (1991), 375); and Suspension Culture of Mammalian Cells (Birch et al.,
Bioprocess Technol. 19 (1990), 251); Extracting information from cDNA arrays, Herzel et
al., CHAOS 11 (2001), 98-107. Several documents are cited throughout the text of this
specification. Full bibliographic citations may be found at the end of the Examples
immediately preceding the Tables and the Claims. The contents of all cited references

(including literature references, issued patents, published patent applications as cited
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throughout this application and manufacturer's specifications, instructions, etc) are hereby
expressly incorporated by reference; however, there is no admission that any document cited

is indeed prior art as to the present invention.

EXAMPLES
Material and Methods

Tissue Samples

Samples of uterine leiomyomas and matching myometrium were taken during or directly after
surgery, immediately frozen in liquid nitrogen, and stored at -80°C for DNA and RNA
isolation. For cell culture and karyotype analyses tumor samples were directly transferred to
Hank’s solution. The study was approved by the local ethics committee and prior to surgery,
informed written consent was obtained from all patients. Samples of formalin-fixed paraffin-
embedded tissue (FFPE-samples) of 21 endometrial polyps were used for DNA sequence
analyses. All these samples were initially taken for diagnostic purposes and de-identified prior

to their use in the present study.

Cell Culture of Uterine Leiomyomas

From tissue samples stored in sterile Hank’s solution cell cultures were set up as described
previously [20]. Briefly, the samples were minced into small pieces and treated with
collagenase. The dissociated cells were transferred into cell culture flasks and incubated in

5% CO; air at 37°C.

Cytogenetic and Molecular Cytogenetic Studies of Uterine Leiomyomas

Chromosome analyses and fluorescence in situ hybridization (FISH) on slides prepared
according to conventional cytogenetics were performed following routine techniques as
described previously [20]. For FISH on tissue sections three BAC clones (RP11-745010
(AC078927) and RP11-293H23 (AC012264) located distal (3’) and RP11-269K4 (AQ478964
and AZ516203) located proximal (5”) of HMGA?2) were used as break-apart probe. Labelling
was performed by nick translation (Abbott Molecular, Wiesbaden, Germany) either with
SpectrumOrange-dUTP (RP11-745010 and RP11-293H23) or SpectrumGreen-dUTP (RP11-
269K4) (Abbott Molecular, Wiesbaden, Germany). Pretreatment of 4um tissue sections was
performed as described previously for formalin-fixed, paraffin-embedded tissue sections [21]
with a few modifications. Digestion with a pepsin ready-to-use solution (DCS, Hamburg,
Germany) was performed at 37°C for 2 x 45min. 15 ul of the break-apart probe

(concentration 100ng/10ul) was used per slide. Co-denaturation was performed on a
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ThermoBrite (Abbott Molecular) for 5 min at 85 °C followed by overnight hybridization in a
humidified chamber at 37 °C. Post-hybridization was performed at 42 °C for 2 min in
0.4xSSC/0.3%NP-40. Interphase nuclei were counterstained with DAPI (0.75 pg/ml). Slides
were examined with a Axioskop 2 plus fluorescence microscope (Carl Zeiss, Gottingen,
Germany), images were captured with an high performance CCD-camera (Visitron Systems,
Puchheim, Germany) and edited with FISH View (Applied Spectral Imaging, Migdal
HaEmek, Israel). 100 non-overlapping nuclei from four different areas of the tumor were
scored.

DNA Isolation

DNA was isolated from frozen tissue samples by using the QIAamp DNA Mini Kit (Qiagen,
Hilden, Germany) and DNA from formalin-fixed, paraffin embedded (FFPE) tissue samples
was isolated using the QIAamp DNA FFPE Tissue Kit (Qiagen) using the QIACube (Qiagen)

according to manufacturer’s instructions.

RNA Isolation
Total RNA from frozen tissue samples was isolated using a RNeasy Mini Kit (Qiagen) in a
QIACube (Qiagen) according to manufacturer’s instructions and DNase 1 digestion was

performed.

cDNA-Synthesis

250 ng of total RNA were reverse transcribed with M-MLYV reverse transcriptase (Invitrogen,
Karlsruhe, Germany), RNase Out (Invitrogen), random hexamers and dNTPs according to the
manufacturer’s instructions. RNA was denatured at 65°C for 5 min and subsequently kept on
ice for 1 min. After adding the enzyme to the RNA primer mixes, samples were incubated for
10 min at 25°C to allow annealing of the random hexamers. Reverse transcription was
performed at 37°C for 50 min followed by inactivation of the reverse transcriptase at 70°C for

15 min.

PCR and Sequencing

For PCR amplifications 1,000 ng of genomic template DNA or 1,000 ng of previously
synthesized cDNA-template were used, respectively. Primers used to amplify the desired PCR
fragment of the genomic template DNA were 5’-CCC CTT CCC CTA AGG AAA AA-3’
(Forward 1; SEQ ID NO: 3) and 5’-ATG CTC ATC CCC AGA GAC AG-3’ (Reverse 1; SEQ
ID NO: 4). For amplification of the target cDNA-fragment primers were 5’-CTT CGG GAT
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CTT GAG CTA CG-3’ (Forward 2; SEQ ID NO: 5) and 5’-ATG CTC ATC CCC AGA GAC
AG-3’ (Reverse 1; SEQ ID NO: 4). Subsequently, PCR-products were separated by agarose
gel-electrophoresis and the desired DNA-fragments/-bands were extracted by a QIAquick Gel
Extraction Kit (Qiagen) using a QIACube (Qiagen) according to manufacturer’s instructions.
DNA-sequencing of the purified PCR-products was performed by GATC Biotech (GATC

Biotech, Konstanz, Germany).

Quantitative Real-Time PCR

Relative quantification of transcription levels was carried out by real-time PCR analyses using
the Applied Biosystems 7300 Real-Time PCR system (Applied Biosystems, Darmstadt,
Germany). For quantification of Wnt4 mRNA (Hs01573504 m1) a commercially available
gene expression assay (Applied Biosystems) was used. HPRT served as endogenous control

as described before [10].

Cytogenetic and gene mutation nomenclature

Cytogenetic nomenclature followed ISCN [22] and gene mutation on the DNA level are
described according to [23].

Statistical Analyses

The statistical significance of differences was assessed by the student’s t test. In all

comparisons, p < 0.05 was considered statistically significant.

Example 1: Frequent occurrence of single MEDI2 mutations in a series of

uterine leiomyomas including one tumor with two mutations

By PCR amplification and sequencing genomic DNA and ¢cDNA samples from a total of 80
cytogenetically characterized uterine fibroids from 50 patients were analyzed for mutations of
MED]?2 as recently decribed by Mékinen and coworkers [11] which we shall refer herein as to
“fibroid-type MEDI2 mutations”. Of the tumors investigated, 48 had an apparently normal
karyotype without evidence for clonal chromosomal deviations after conventional cytogenetic
examination based on a band resolution ranging from approximately 350 to 650 bands/haploid
set. These latter tumors were randomly selected from a larger group of fibroids. 20 fibroids
had an either simple or complex rearrangement of chromosomal region 12q14~15 targeting
the locus of high mobility group AT-hook 2 (HMGA2) leading to its significant upregulation.

Of the remaining tumors, six had a clonal deletion or rearrangement of the long arm of
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chromosome 7 as the sole karyotypic abnormality, five showed rearrangements of
chromosomal band 6p21~23, and in one fibroid a clonal trisomy 12 was detected.

Of these 80 fibroids, 47 (58.8 %) revealed “fibroid-type MEDI2 mutations”. All mutations
were heterozygous and in all but one fibroid only one mutation was detected. The remaining
exceptional tumor (no. 557.2, see table 1) revealed G>A transitions at nucleotides ¢.130 and
c.131 which were confirmed by repeated DNA isolation as well as by cDNA sequencing
(Fig.1 A). Base exchanges of codon 44 at positions 130 and 131 were predominantly observed
accounting for 46/48 mutations (95.8%) (Tab.1). Among these the most prevalent mutation
was the ¢.131 G>A base substitution (41.7%), followed by the ¢.130 G>A (18.8%) and the
c.130 G>C (16.7%) substitution. However, albeit at much lower frequencies at positions 130
and 131 all other possible base substitutions were found as well (Fig.1 B). This confirms the
data obtained by Mikinen ef al. [11] in that in none of the cases analyzed the mutations were
found in the matching myometrium. Also, cDNA analyses revealed that the tumors
predominantly expressed the mutated allele suggesting that only mutations of the active allele

are biologically relevant in terms of tumor development.

Example 2: Mutations of MEDI12 are strongly associated with fibroids not
displaying primary karyotypic alterations and as a rule had

preceded secondary karyotypic alterations

When differentiating according to the karyotype groups it turned out that MED2 mutations
were found in 36/45 tumors with an apparently normal karyotype (80 %) but in none of the
nodules with 12q14~15 rearrangements. In contrast, six fibroids were analyzed that showed
clonal deletions or rearrangements of the long arm of chromosome 7 as the sole clonal
karyotypic abnormality. Whereas in two of these cases the aberration was found in all
metaphases analyzed, in the remaining four cases chromosomal mosaicisms with the presence
of aberrant as well as normal metaphases were noted. MED/2 mutations were found in four of
these cases. Next five fibroids were checked with rearrangements of chromosomal band
6p21~23. Because akin to the 12q14~15 aberrations it is difficult to determine exactly the
chromosome 6 breakpoint by conventional cytogenetics all five tumors were in addition
checked by fluorescence in situ hybridization (FISH) for HMGA! rearrangements and by
qRT-PCR for the expression of HMGAI mRNA. All five cases had shown HMGAI
rearrangements and clearly elevated levels of HMGAT mRNA, respectively ([24] and
unpublished data). DNA sequencing revealed a MEDI2 mutation in three of them. The

6p21~23 rearrangements were restricted to a clear minority of metaphases in two of these
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cases but from the results of neither DNA nor ¢cDNA sequencing the mutations seemed to be
confined to a minority of the cells only and it can thus be concluded that the MEDI2
mutations had preceeded the chromosomal aberration. A fibroid displaying mosaic trisomy 12

had a MED]2 mutation as well.

Example 3: Significant correlations between the genetic alterations and

fibroid size

Fibroids with chromosomal rearrangements [25] and more specifically 12q14~15
rearrangements [26] have previously been reported to be larger than those with an apparently
normal karyotype. In the present series on average tumors with an apparently normal
karyotype and MEDI2 mutation were significantly smaller than those with HMGA2
rearrangement (4.0 cm vs. 6.0 cm) (p < 0.01) (Fig.2 A). Interestingly, among the tumors with
apparently normal karyotype those with ¢.130 or ¢.131 G>A transitions were found to be
larger than those with other base substitutions at codons 43 or 44 (4.5 ¢cm vs. 3.0 cm) (p <
0.05) (Fig.2 B). In contrast, no differences of the patient’s ages at the time of surgery were

noted between any of these subgroups.

Example 4: The activation of the gene encoding wingless-type MMTV
integration site family, member 4 (Wnt4) plays a key role in

tumorigenesis driven by mutant MED12

A comparative gene expression analysis of MED/2-mutated fibroids and their matching
myometrium as carried out by Maikinen [11] has highlighted three pathways being
significantly altered including the Wnt signalling pathway. There is ample evidence linking
members of this pathway with Miillerian duct morphogenesis. Of these members Wnt4 and
Wnt5a are known to be expressed in the mesenchyme of the Miillerian duct giving rise to the
likely tissue of origin of uterine leiomyomas (for review see [27]). Interestingly, Wnt4 maps
to chromosomal segment 1p36 which has been observed to be recurrently rearranged in
uterine fibroids [15]. To check whether Wnt4 is a target gene in these cases qRT-PCR was
used to quantify and compare the expression of Wnt4 between a group of fibroids with normal
karyotype and MEDI2 mutation, those with HMGA2 rearrangements, and normal
myometrium. The expression of Wnt4 mRNA in tumors with MED2 mutations and normal
karyotype significantly exceeded that in fibroids with HMGA2 rearrangement (p < 0.01) as

well as that in normal myometrium (p < 0.05)(Fig.3).
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Example S: MEDI12 mutations are rare in endometrial polyps and seem to be

confined to adenomyomatous lesions

Uterine fibroids and endometrial polyps can have normal karyotypes as well as structural
chromosomal aberrations affecting the loci of the human HMGA genes. Thus, next it was
checked whether endometrial polyps as well might have the fibroid-type MEDI2 mutations.
For this analysis, FFPE samples from 21 endometrial polyps have been investigated. With one
exception of an atypical polypoid adenomyoma (syn.: adenomyomatous polyp), all other
lesions histologically appeared to be simple glandular or fibrocystic polyps. DNA sequencing
revealed MED2 mutations in two of these lesions. In the adenomyomatous polyp occurring
in a 66 year old woman a heterozygous ¢.131G>A transition, i.e. the most frequent type of
MEDI2 mutations in fibroids was found. A HMGA?2 rearrangement was excluded by FISH.
Histologically, the tumor showed irregular endometrioid-type glands embedded in a smooth
muscle/fibromyomatous stroma. Microdissection followed by DNA-analysis showed that the
mutation was not confined to a particular area of the polyp (data not shown). In a second
tumor evidence for a MEDI2 mutation (c.130G>T) was found but after microdissection this
turned out to have resulted from a small leimyoma present in the sample as well. Therefore,
MEDI2 mutations seem to be rare findings in endometrial polyps probably confined to the

rare adenomatous type.

Example 6: MEDI2 mutations are absent in malignant uterine tumors

Tissue samples from a total of 50 malignant uterine tumors have been analyzed for MEDI2
mutations, by methods as described in the Materials and Methods section and in Example 1,
supra. In particular, after DNA isolation from frozen tissue samples, PCR amplification and
sequencing of genomic DNA and ¢cDNA have been performed as indicated in detail above. A
commercially available gene expression assay (Applied Biosystems) was used for
quantification of human MED12 mRNA (Hs00192801 m1). HPRT served as endogenous

control.

Investigated malignant tumor types, numbers of investigated cases and results of the analysis
are indicated in Tab. 3 below. Surprisingly, the results as shown herein indicate that MED/2
mutations are preferentially occurring in benign uterine tumors and are rare in their malignant

counterparts.
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Table 3: MEDI2 mutations are rare in malignant uterine tumors

tumor type number of cases | lesions positive for leiomyoma-like
investigated MED]2 mutations
malignant Muellerian mixed | 11 0
tumors
leiomyosarcomas 34 1 (no elevated level of HMGA2
expression)
squamous cell carcinomas 5 0

Example 7: Animal models for human uterine leiomyomas

To test the possibility that leiomyoma-like genetical aberrations found in humans may be the
cause of similar tumors in other mammals, tissue samples from canine uterine leiomyomas
have been analysed for presence of mutations in canine homologues of the MED12 and for

the expression of the HMGA?2 gene.

PCR and sequencing:

Primers used to amplify the desired PCR fragment of the canine template DNA as well as the
canine target cDNA-fragment were 5’-GAT GAA CTG ACA GCC TTG AAT G-3’ (Forward
3; SEQ ID NO: 6) and 5’-CTT GGC AGG ATT GAA GTT GAC-3" (Reverse 2; SEQ ID NO:
7). Subsequently, PCR-products were separated by agarose gel-electrophoresis and the
desired DNA-fragments/-bands were extracted by a QIAquick Gel Extraction Kit (Qiagen)
using a QIACube (Qiagen) according to manufacturer’s instructions. DNA-sequencing of the
purified PCR-products was performed by GATC Biotech (GATC Biotech, Konstanz,

Germany).

Quantitative real-time PCR:

Relative quantification of transcription levels was carried out by real-time PCR analyses using
the Applied Biosystems 7300 Real-Time PCR system (Applied Biosystems, Darmstadt,
Germany). For quantification of human HMGA2 mRNA (Hs00171569 m1; HMGA?2 exons
1-2) a commercially available gene expression assay (Applied Biosystems) was used. HPRT
served as endogenous control. Primers and probe used to amplify canine HMGA2 were 5°-
AGT CCC TCC AAA GCA GCT CAA AAG-3’ (forward), 5’- GCC ATT TCC TAG GTC
TGC CTC-3° (reverse) and 5’-6-Fam- GAA GCC ACT GGA GAA AAA CGG CCA-
TAMRA-3’ (probe).
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Experiments performed in accordance with the present invention in dogs have shown the
same main genetic groups of uterine leiomyomas as found in humans existing in dogs as well.
In particular, DNA-sequencing of canine vaginal leiomyomas from dogs has shown
leiomyoma-like mutations and occurrence of heterozygous MEDI2 mutations in canine
MEDI2 gene (see Fig. 5SA for sequencing results of H1 and HS8). Furthermore, gene
expression analysis (real-time RT-PCR) revealed two groups of canine leiomyomas
characterized by high and low expression of HMGA2 mRNA. No MED/2 mutations have
been detected in samples from leiomyomas HS5 and H10 showing an increased HMGA2

expression (Fig. 5B).

Thus, in accordance with the above indicated results a method is provided for distinguishing

between benign and malignant smooth muscle tumors of the uterus.

Discussion

Uterine leiomyomas are the most common gynaecological tumors and can even be considered
the most frequent clinical relevant human tumors at all. Although ample epidemiologic data
on this tumor are available (see, e.g., [28,29]) it is still reasonable to ask why “we know so
little but could learn so much” [30]. The monoclonal origin of fibroids [3,5,6] suggests that
mutations are the basis of these highly frequent tumors. Accordingly, they belong to the first
benign tumors where recurrent cytogenetic deviations have been described [31,32]. Clonal
chromosomal abnormalities can be found in roughly 20% of the fibroids [15]. Of these,
12q14~15 rearrangements and deletions of part of the long arm of chromosome 7 represent
the most frequent aberrations. Nevertheless, in the majority of fibroids no cytogenetic
alterations can be observed. Moreover, a recent attempt [33] using a genome-wide analysis to
detect possible loss of heterozygosity and copy number amplification in 37 leiomyomas
revealed that copy number amplifications are infrequent events and generally do not
determine clinical and histologic characteristics of the fibroids. Thus, there is no evidence for
the existence of either genetic imbalances at the known loci or at other loci that may have
escaped detection by means of conventional cytogenetics and might allow to identify target
genes by positional cloning. In an alternative attempt, Méakinen et al. [11] have used exome-
sequencing resulting in the identification of apparently specific mutations of the mediator
subcomplex 12 gene (MEDI2). Their clear predominance in the group of fibroids with an
apparently normal karyotype and its absence in the tumors with 12q14~15 rearrangements as

both revealed by the experiments underlying the present invention are striking and fit with the
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larger size of fibroids without MED2 mutations compared to those without as observed by
Maikinen et al. [11] because the 12q14~15 rearrangements can be expected to represent a
large subset of the tumors without MED/2 mutation. However, the results strongly suggest
that MEDI2 mutations and HMGA?2 activation due to chromosomal rearrangements pinpoint
alternate pathways of myomagenesis. Taken together, both pathways might explain the
genesis of roughly 85% of all fibroids. In contrast, other types of chromosomal aberrations as
in particular the frequent deletions of a part of the long arm of chromosome 7 can apparently
coexist with MEDI2 mutations as well as with rearrangements of HMGA2 confirming the
results of earlier investigations [34] in that they represent secondary changes during the
course of the disease that do not govern alternative lines of tumorigenesis. Of note, in contrast
to HMGA2, rearrangements of HMGA I (encoding the other gene of the human HMGA family
of high mobility group proteins) fall within the category of genetic alterations that can coexist
with MED]2 mutations since in 4/5 tumors analyzed a chromosomal mosaicism was noted
with the majority of cells having a normal female karyotype. On the other hand, from
genomic DNA as well as ¢cDNA sequencing no evidence was obtained that the MEDI2
mutations were restricted to a subpopulation of the tumor cells only. Of note, a difference in
the growth potential mediated by the different possible mutations seems to exist that might

explain the predominance of G>A transitions in clinically detectable fibroids.

While the association between cytogenetic subtypes and MEDI2 mutations has revealed
novel insights into the different pathways of myomagenesis, a major challenge remains the
understanding of the causal link between mutated Med12 and tumorigenesis. Data on the
normal function of Med12 available, e.g., from hypomorphic mice and embryonic stem cells
knocked-down for MEDI2 point to an essential role of Medl2 in early mammalian
development and the regulation of Nanog and Nanog target genes and in canonical Wnt and
Wnt/PCP signalling [35,36]. The human CDKS8 complex requires Med12 for its activity [27]
and CDKS is a known stimulus-specific positive coregulator of p53 target genes as in
particular CDKNla (p21) [37]. In turn CDKNla is known to be upregulated by HMGA2
[10,38] and it is tempting to speculate that the mutated MEDI2 has lost its ability to positively
regulate the CDKN/a locus thus protecting the cells from oncogene induced senescence.
Nevertheless, from the results provided by the experiments underlying the present invention it
can be excluded that HMGA?2 activation and MEDI2 mutations cooperate synergistically in
the development of fibroids because both groups obviously do not overlap, suggesting that

they represent alternative pathways of tumor development mutually excluding each other.
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Interestingly, a comparative pathway analysis between eight mutation positive fibroids and
their matching myometrium carried out by Mikinen et al. [11] has highlighted three
significantly altered pathways, i.e. focal adhesion, extra-cellular matrix receptor interaction
and the Wnt signaling pathway. As to the latter, members of the Wnt family have been
implicated in the development of tissues and organs derived from the Miillerian duct [27].
Within the canonical Wnt pathway the Wnt-ligands exert their effects by activation, i.e.
translocation of beta-catenin from the cytoplasm to the nucleus (for review see [39]). In a
mouse model constitutively expressing activated beta-catenin in the uterine mesenchyme,
mesenchymal tumors leiomyoma-like lesions were found to develop with a 100% penetrance
[40]. One might speculate that activation of beta-catenin by the Wnt pathway may be the
mechanism by which MEDI2 mutations drive leiomyomagenesis. Interestingly, the present
invention provides data and makes use of a significant upregulation of a member of this
pathway, i.e. Wnt4 in fibroids with MEDI2 mutation compared to those with HMGA?2
rearrangements as well as to normal myometrium. Wnt4 is known to be expressed in the
mesenchyme of the Miillerian duct, giving rise to the likely tissue of origin of uterine
leiomyomas (for review see [27]). The overexpression of Wnt4 in the group of fibroids with
mutations of MEDI2 compared to tumors with HMGA2 rearrangement, as revealed in the
experiments underlying the present invention, identifies Wnt4 as a possibly relevant
downstream effector of the mutated Med12. Since it has been shown for several cell types that
estrogen rapidly induces the expression of Wnt4 in both an estrogen receptor (ER)-dependent
and -independent manner [41,42] it is reasonable to assume that the mutated Med12 and

estrogen may cooperate in activating their direct transcriptional target Wnt4.

Another question relates to the occurrence of the “fibroid-type mutations” in other groups of
benign tumors. Certainly, interesting candidate entities of benign tumors are those sharing
with the uterine fibroids recurrent rearrangements of HMGA genes. Quite a number of these
entities exist that are not restricted to female genital tumors [8]. For example, HMGA gene
rearrangements have been found as frequent abnormalities in lipomas [43], i.e. benign adipose
tissue tumors. While in the experiments underlying the present invention no evidence for
these mutations in lipomas was obtained, one endometrial polyp was found to be positive
which was the only polyp investigated belonging to the rare adenomatous subtype.
Rearrangements of HMGA2 due to chromosomal translocations or inversions are a frequent
finding in endometrial polyps as well [16-18,44] and suggest that albeit at different

frequencies, mechanistically the same two alternate pathways of tumor development exist.
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In summary, the results of experiments underlying the present invention provide novel

therapeutic targets and molecular markers in the field of gynecological tumors.
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Table 2: DNA-Sequences

Med12 — mRNA according to Genebank entry No.: NM_005120.2.
cDNA corresponding to bases 200 to 6730 of the mRNA-sequence is underlined;
Nucleotides c.127 to ¢.132 encoding codons 43 to 44 of the MEDI2-gene are marked in bold and italic

ATTGTCCGATGGTTCCCGGCGTACCTCGGCTTCCCTCGGTAGTTTCCGGCAATGGTCGAGAGTTTCTA
ACGTGCCCCCTTGTTGTCTCTCGGCCGCCGTCCTCTCAACCACCGCCCCCCTTTTCGGCTCCCTCTCC
CCCTTCCCGTTCCCCCAGTCAGCCTGGCCCTGCTGGTGCCTCCGGCGCTACGGGCTGGGCAAGATGGC
GGCCTTCGGGATCTTGAGCTACGAACACCGGCCCCTGAAGCGGCCGCGGCTGGGGCCTCCCGATGTTT
ACCCTCAGGACCCCAAACAGAAGGAGGATGAACTGACGGCCTTGAATGTAARACAAGGTTITCAATAAC
CAGCCTGCTGTCTCTGGGGATGAGCATGGCAGTGCCAAGAACGTCAGCTTCAATCCTGCCAAGATCAG
TTCCAACTTCAGCAGCATTATTGCAGAGAAATTACGTTGTAATACCCTTCCTGACACTGGTCGCAGGA
AGCCCCAAGTGAACCAGAAGGATAACTTCTGGCTGGTGACTGCACGATCCCAGAGTGCCATTAACACT
TGGTTCACTGACTTGGCTGGCACCAAGCCACTCACGCAACTAGCCAAAAAGGTCCCCATTTTCAGTAA
GAAGGAAGAGGTGTTTGGGTACTTAGCCAAATACACAGTGCCTGTGATGCGGGCTGCCTGGCTCATTA
AGATGACCTGTGCCTACTATGCAGCAATCTCTGAGACCAAGGTTAAGAAGAGACATGTTGACCCTTTC
ATGGAATGGACTCAGATCATCACCAAGTACTTATGGGAGCAGTTACAGAAGATGGCTGAATACTACCG
GCCAGGGCCTGCAGGAAGTGGGGGCTGTGGTTCCACGATAGGGCCCTTGCCCCATGATGTAGAGGTGG
CAATCCGGCAGTGGGATTACACCGAGAAGCTGGCCATGTTCATGTTTCAGGATGGAATGCTGGACAGA
CATGAGTTCCTGACCTGGGTGCTTGAGTGTTTTGAGAAGATCCGCCCTGGAGAGGATGAATTGCTTAA
ACTGCTGCTGCCTCTGCTTCTCCGATACTCTGGGGAATTTGTTCAGTCTGCATACCTGTCCCGCCGGC
TTGCCTACTTCTGTACACGGAGACTGGCCCTGCAGCTGGATGGTGTGAGCAGTCACTCATCTCATGTT
ATATCTGCTCAGTCAACAAGCACGCTACCCACCACCCCTGCTCCTCAGCCCCCAACTAGCAGCACACC
CTCGACTCCCTTTAGTGACCTGCTTATGTGCCCTCAGCACCGGCCCCTGGTTTTTGGCCTCAGCTGTA
TCCTACAGACCATCCTCCTGTGCTGTCCTAGTGCCTTGGTTTGGCACTACTCACTGACTGATAGCAGA
ATTAAGACCGGCTCACCACTTGACCACTTGCCTATTGCCCCGTCCAACCTGCCCATGCCAGAGGGTAA
CAGTGCCTTCACTCAGCAGGTCCGTGCAAAGTTGCGGGAGATCGAGCAGCAGATCAAGGAGCGGGGAC
AGGCAGTTGAAGTTCGCTGGTCTTTCGATAAATGCCAGGAAGCTACTGCAGGCTTCACCATTGGACGG
GTACTTCATACTTTGGAAGTGCTGGACAGCCATAGTTTTGAACGCTCTGACTTCAGCAACTCTCTTGA
CTCCCTTTGTAACCGAATCTTTGGATTGGGACCTAGCAAGGATGGGCATGAGATCTCCTCAGATGATG
ATGCTGTGGTGTCATTGCTATGTGAATGGGCTGTCAGCTGCAAGCGTTCTGGTCGGCATCGTGCTATG
GTGGTAGCCAAGCTCCTGGAGAAGAGACAGGCGGAGATTGAGGCTGAGCGTTGTGGAGAATCAGAAGC
CGCAGATGAGAAGGGTTCCATCGCCTCTGGCTCCCTTTCTGCTCCCAGTGCTCCCATTTTCCAGGATG
TCCTCCTGCAGTTTCTGGATACACAGGCTCCCATGCTGACGGACCCTCGAAGTGAGAGTGAGCGGGTG
GAATTCTTTAACTTAGTACTGCTGTTCTGTGAACTGATTCGACATGATGTTTTCTCCCACAACATGTA
TACTTGCACTCTCATCTCCCGAGGGGACCTTGCCTTTGGAGCCCCTGGTCCCCGGCCTCCCTCTCCCT
TTGATGATCCTGCCGATGACCCAGAGCACAAGGAGGCTGAAGGCAGCAGCAGCAGCAAGCTGGAAGAT
CCAGGGCTCTCAGAATCTATGGACATTGACCCTAGTTCCAGTGTTCTCTTTGAGGACATGGAGAAGCC
TGATTTCTCATTGTTCTCCCCTACTATGCCCTGTGAGGGGAAGGGCAGTCCATCCCCTGAGAAGCCAG
ATGTCGAGAAGGAGGTGAAGCCCCCACCCAAGGAGAAGATTGAAGGGACCCTTGGGGTTCTTTACGAC
CAGCCACGACACGTGCAGTACGCCACCCATTTTCCCATCCCCCAGGAGGAGTCATGCAGCCATGAGTG
CAACCAGCGGTTGGTCGTACTGTTTGGGGTGGGAAAGCAGCGAGATGATGCCCGCCATGCCATCAAGA
AAATCACCAAGGATATCTTGAAGGTTCTGAACCGCAAAGGGACAGCAGAAACTGACCAGCTTGCTCCT
ATTGTGCCTCTGAATCCTGGAGACCTGACATTCTTAGGTGGGGAGGATGGGCAGAAGCGGCGACGCAA
CCGGCCTGAAGCCTTCCCCACTGCTGAAGATATCTTTGCTAAGTTCCAGCACCTTTCACATTATGACC
AACACCAGGTCACGGCTCAGGTCTCCCGGAATGTTCTGGAGCAGATCACGAGCTTTGCCCTTGGCATG
TCATACCACTTGCCTCTGGTGCAGCATGTGCAGTTCATCTTCGACCTCATGGAATATTCACTCAGCAT
CAGTGGCCTCATCGACTTTGCCATTCAGCTGCTGAATGAACTGAGTGTAGTTGAGGCTGAGCTGCTTC
TCAAATCCTCGGATCTGGTGGGCAGCTACACTACTAGCCTGTGCCTGTGCATCGTGGCTGTCCTGCGG
CACTATCATGCCTGCCTCATCCTCAACCAGGACCAGATGGCACAGGTCTTTGAGGGGCTGTGTGGCGT
CGTGAAGCATGGGATGAACCGGTCCGATGGCTCCTCTGCAGAGCGCTGTATCCTTGCTTATCTCTATG
ATCTGTACACCTCCTGTAGCCATTTAAAGAACAAATTTGGGGAGCTCTTCAGCGACTTTTGCTCAAAG
GTGAAGAACACCATCTACTGCAACGTGGAGCCATCGGAATCAAATATGCGCTGGGCACCTGAGTTCAT
GATCGACACTCTAGAGAACCCTGCAGCTCACACCTTCACCTACACGGGGCTAGGCAAGAGTCTTAGTG
AGAACCCTGCTAACCGCTACAGCTTTGTCTGCAATGCCCTTATGCACGTCTGTGTGGGGCACCATGAT
CCCGATAGGGTGAATGACATCGCAATCCTGTGTGCAGAGCTGACCGGCTATTGCAAGTCACTGAGTGC
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AGAATGGCTAGGAGTGCTTAAGGCCTTGTGCTGCTCCTCTAACAATGGCACTTGTGGTTTCAACGATC
TCCTCTGCAATGTTGATGTCAGTGACCTATCTTTTCATGACTCGCTGGCTACTTTTGTTGCCATCCTC
ATCGCTCGGCAGTGTTTGCTCCTGGAAGATCTGATTCGCTGTGCTGCCATCCCTTCACTCCTTAATGC
TGCTTGTAGTGAACAGGACTCTGAGCCAGGGGCCCGGCTTACCTGCCGCATCCTCCTTCACCTTTTCA
AGACACCGCAGCTCAATCCTTGCCAGTCTGATGGAAACAAGCCTACAGTAGGAATCCGCTCCTCCTGC
GACCGCCACCTGCTGGCTGCCTCCCAGAACCGCATCGTGGATGGAGCCGTGTTTGCTGTTCTCAAGGC
TGTGTTTGTACTTGGGGATGCGGAACTGAAAGGTTCAGGCTTCACTGTGACAGGAGGAACAGAAGAAC
TTCCAGAGGAGGAGGGAGGAGGTGGCAGTGGTGGTCGGAGGCAGGGTGGCCGCAACATCTCTGTGGAG
ACAGCCAGTCTGGATGTCTATGCCAAGTACGTGCTGCGCAGCATCTGCCAACAGGAATGGGTAGGAGA
ACGTTGCCTTAAGTCTCTGTGTGAGGACAGCAATGACCTGCAAGACCCAGTGTTGAGTAGTGCCCAGG
CGCAGCGCCTCATGCAGCTCATTTGCTATCCACATCGACTGCTGGACAATGAGGATGGGGAAAACCCC
CAGCGGCAGCGCATAAAGCGCATTCTCCAGAACTTGGACCAGTGGACCATGCGCCAGTCTTCCTTGGA
GCTGCAGCTCATGATCAAGCAGACCCCTAACAATGAGATGAACTCCCTCTTGGAGAACATCGCCAAGG
CCACAATCGAGGTTTTCCAACAGTCAGCAGAGACAGGGTCATCTTCTGGAAGTACTGCAAGCAACATG
CCCAGCAGCAGCAAGACCAAGCCTGTGCTCAGCTCTCTAGAGCGCTCTGGTGTATGGCTGGTGGCCCC
CCTCATTGCTAAACTGCCCACCTCAGTCCAGGGACATGTGTTAAAGGCTGCTGGGGAAGAATTGGAGA
AGGGTCAGCACCTGGGTTCCTCTTCACGCAAAGAACGTGATCGACAAAAGCAGAAGAGCATGTCCCTA
TTGAGCCAGCAGCCCTTCTTATCGCTGGTGCTAACATGTCTGAAAGGGCAGGATGAACAACGCGAGGG
ACTCCTTACCTCCCTCTACAGCCAGGTGCACCAGATTGTGAATAATTGGCGAGATGACCAGTACTTAG
ATGATTGCAAACCAAAGCAGCTTATGCATGAGGCACTCAAACTGCGGCTCAACCTGGTGGGGGGCATG
TTTGACACGGTGCAGCGCAGCACCCAGCAGACCACGGAGTGGGCCATGCTCCTCCTGGAGATCATCAT
CAGCGGCACTGTCGACATGCAGTCCAACAATGAGCTCTTCACTACTGTGTTGGACATGCTGAGCGTGC
TCATCAATGGGACATTGGCTGCAGACATGTCTAGCATCTCGCAAGGTAGCATGGAGGAAAACAAGCGT
GCATACATGAACCTGGCGAAGAAGTTGCAGAAGGAGTTGGGGGAGCGCCAGTCAGACAGTCTGGAAAA
GGTTCGCCAGCTGCTGCCACTGCCCAAGCAGACCCGAGATGTCATCACGTGTGAGCCACAGGGCTCCC
TTATCGATACCAAGGGCAACAAGATTGCTGGCTTCGATTCCATCTTCAAGAAGGAGGGTCTACAGGTT
TCCACCAAACAGAAGATCTCGCCCTGGGATCTTTTTGAGGGGTTGAAGCCGTCAGCACCACTCTCTTG
GGGCTGGTTTGGAACAGTCCGAGTGGACCGGCGAGT GGCTCGAGGAGAGGAGCAGCAGCGGTTGCTGC
TCTACCACACACACCTGAGGCCCCGGCCCCGCGCCTATTACCTGGAGCCACTGCCACTGCCCCCAGAA
GATGAGGAGCCGCCTGCTCCTACCCTGCTAGAGCCTGAGAAAAAGGCTCCAGAGCCCCCCAAAACTGA
CAAACCGGGGGCTGCTCCACCCAGTACTGAGGAACGCAAGAAGAAGTCCACCAAGGGCAAGAAACGCA
GCCAGCCAGCTACCAAGACAGAGGACTATGGAATGGGCCCGGGTCGGAGCGGCCCTTATGGTGTGACA
GTGCCTCCGGACCTCCTGCACCACCCAAACCCTGGTTCTATAACACACCTTAACTACAGGCAAGGCTC
CATAGGCCTGTACACCCAGAACCAGCCACTACCTGCAGGTGGCCCTCGTGTGGACCCATACCGTCCTG
TGCGCTTACCAATGCAGAAGCTGCCCACCCGACCAACTTACCCTGGAGTGCTGCCCACAACCATGACT
GGCGTCATGGGTTTAGAACCCTCCTCTTATAAGACCTCTGTGTACCGGCAGCAGCAACCTGCGGTGCC
CCAAGGACAGCGCCTTCGCCAACAGCTCCAGCAGAGTCAGGGCATGTTGGGACAGTCATCTGTCCATC
AGATGACTCCCAGCTCTTCCTACGGTTTGCAGACTTCCCAGGGCTATACTCCTTATGTTTCTCATGTG
GGATTGCAGCAACACACAGGCCCTGCAGGTACCATGGTGCCCCCCAGCTACTCCAGCCAGCCTTACCA
GAGCACCCACCCTTCTACCAATCCTACTCTTGTAGATCCTACCCGCCACCTGCAACAGCGGCCCAGTG
GCTATGTGCACCAGCAGGCCCCCACCTATGGACATGGACTGACCTCCACTCAAAGGTTTTCACACCAG
ACACTGCAGCAGACACCCATGATAAGTACCATGACTCCAATGAGTGCCCAGGGCGTCCAGGCAGGCGT
CCGTTCAACAGCCATCCTACCTGAGCAGCAGCAGCAGCAGCAACAGCAGCAACAGCAACAGCAGCAGC
AGCAGCAACAGCAACAGCAGCAGCAGCAGCAGCAGTACCACATCCGGCAGCAGCAGCAGCAGCAGATC
CTGCGGCAGCAGCAGCAACAGCAACAGCAGCAGCAGCAGCAGCAGCAACAGCAACAGCAGCAGCAGCA
ACAGCAACAACAGCAACACCAGCAGCAACAGCAGCAACAGGCGGCTCCTCCCCAACCCCAGCCCCAGT
CCCAGCCCCAGTTCCAGCGCCAGGGGCTTCAGCAGACCCAGCAGCAGCAACAGACAGCAGCTTTGGTC
CGGCAACTTCAACAACAGCTCTCTAATACCCAGCCACAGCCCAGTACCAACATATTTGGACGCTACTG
AGCCACCTGGAGGAACTGCTTGTGCACTGGATGTGGCCCCACCCTTTCCTCTTAATTCCCAATCCCAT
TCCTGGGCTAGCACCAGTAGTGGTTGGGGCCCTCCCCTCAGGCTCCATTTTTAATAAGTTTTTAGTAT
TTTTGTTAATGTGAGGCATTGAGCTGTTGGGTTTTGTATATTATTTATATAGAGACCCCAGAGCTGTT
GCACCCAATACACAGAGCTTCTTTGCAAAGGGAAAAAAAAAAAAAARARA SEQ ID NO: 1
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CLAIMS

A Wnt4 inhibitor for use in the treatment of a benign or malignant gynaecological

tumor.

The Wnt4 inhibitor of claim 1, wherein the tumor is selected from the group consisting
of endometrial polyps, endometriosis, adenomyosis, leiomyosarcomas of the uterus,

aggressive angiomyxomas, endometrial carcinomas and Miillerian mixed tumors.

The Wnt4 inhibitor of claim 1 or 2, wherein the tumor is uterine leiomyoma (UL)

The Wnt4 inhibitor of any one of claims 1 to 3, wherein the Wnt4 inhibitor is selected
from the group consisting of small molecules, antibodies, antigen-binding antibody

fragments, aptamers, spiegelmers, siRNA and miRNA.

A method to determine the response potential of a tumor of any one of claims 1 to 3to a

treatment by a Wnt4 inhibitor, comprising;:

(a) detecting at least one MEDI2-mutation affecting the sequence CAAGGT
(corresponding to bases 326 to 331 of the MED/2-mRNA-sequence of SEQ ID
NO: 1) encoding codons 43 to 44 of the MEDI2-gene, in a test sample derived
from a patient, wherein the presence of said at least one MED/2-mutation is
indicative for a tumor responsive to treatment with Wnt4 inhibitors; and/or

(b) determining Wnt4 expression in a test sample derived from a patient, wherein an
enhanced expression compared to a control sample is indicative for a tumor

responsive to treatment with Wnt4 inhibitors.

A method for detection of at least one MED2-mutation as defined in claim 5 for use in
determining the growth potential of a tumor as defined in any one of claims 1 to 3
comprising detecting at least one MEDI2-mutation in a test sample derived from a
patient, wherein ¢.130 or ¢.131G>A transitions at codons 43 or 44 of the MED2-gene
are indicative of a higher growth potential of the tumor compared to a tumor comprising

different AMED2-mutations at codons 43 or 44.
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A method for diagnosing a pituitary tumor, a prostate tumor or a prostate hyperplasia
comprising detecting MEDI2 mutations in a test sample derived from a respective

pituitary gland or prostate.

A method for differential diagnosis of uterine smooth muscle tumors comprising;:

(a) detection of a mutation in the MEDI2 gene and its expression; and/or

(b) determination of expression of the gene encoding high mobility group protein AT-
hook 2 (HMGA2) and/or of rearrangements of the HMGAI and/or HMGA2 gene
locus in a test sample from a patient; wherein:

(1) increased and/or ectopic HMGA2 expression, absence of a MEDI?2
mutation, and absence of rearrangements of the HMGA2 gene locus are
indicative for a malignant smooth muscle tumor;

(i) increased and/or ectopic HMGA2 expression, and presence of
rearrangements of the HMGA2 gene locus are indicative for a benign
smooth muscle tumor;

(i) presence of a MEDI2 mutation, normal HMGA2 and MEDI2 expression
and absence of rearrangements of the HMGA?2 gene locus are indicative for
a benign smooth muscle tumor;

(iv) presence of rearrangements of the HMGAI gene locus, normal HAMGA?2
expression, absence of a MED /2 mutation and absence of rearrangements of
the HMGA?2 gene locus are indicative for a benign smooth muscle tumor;

(v) presence of a MEDI2 mutation, normal HMGA2 expression, not detectable
MEDI?2 expression and absence of rearrangements of the HMGA2 gene
locus are indicative for a malignant smooth muscle tumor; and

(vi) increased and/or ectopic HMGA2 expression and presence of a MEDI?2

mutation are indicative for a malignant smooth muscle tumor.

The method of claim 8, wherein the MEDI2 gene is analyzed for presence of a mutation
affecting the sequence CAAGGT (corresponding to bases 326 to 331 of the MEDI2-
mRNA-sequence of SEQ ID NO: 1) encoding codons 43 to 44.

The method of claim 8 or 9, wherein the malignant smooth muscle tumor is

leiomyosarcoma and the benign smooth muscle tumor is leiomyoma.
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A method for identification of suitable mammalian models for different types of smooth
muscle tumors comprising the method of any one of claims 8 to 10, wherein the
presence of a MED 2 mutation, HMGA?2 expression and/or presence of rearrangements
of the HMGA?2 and/or HMGAI gene locus are analyzed in respect of homologues of the
human MED12, HMGAI and HMGA?2 genes in a test sample of the respective mammal.

A kit useful in a method of any one of claims 5 to 11, comprising one or more reagents

for detecting MED 2 mutations.

The kit of claim 12, wherein the reagents comprise an antibody or a nucleic acid.

The kit of claim 12 or 13, comprising primers for the amplification of a fragment of the
genomic template DNA region comprising the MEDI2 locus, for amplification of a
target cDNA-fragment generated from a MED/2-mRNA and/or for sequencing of said

amplified fragments.

The kit of any one of claims 12 to 14, comprising primers for the quantification of Wnt4

expression in a test sample.

The kit of any one of claims 12 to 15, comprising reagents for the quantification of
HMGA?2 expression, for detection of HMGA?2 expression and/or of rearrangements of

the HMGA2 and/or HMGAI gene locus in a test sample.
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