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The present invention relates to chemically modified
genomic sequences, to oligonucleotides and/or PNA-oligo-
mers for detecting the cytosine methylation state of genomic
DNA, as well as to a method for ascertaining genetic and/or
epigenetic parameters of genes for use in characterisation,
classification, differentiation, diagnosis and therapy of pros-
tate lesions.
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METHOD AND NUCLEIC ACIDS FOR THE
DIFFERENTIATION OF PROSTATE TUMORS

FIELD OF THE INVENTION

[0001] The levels of observation that have been studied by
the methodological developments of recent years in molecu-
lar biology, are the genes themselves, the translation of these
genes into RNA, and the resulting proteins. The question of
which gene is switched on at which point in the course of the
development of an individual, and how the activation and
inhibition of specific genes in specific cells and tissues are
controlled is correlatable to the degree and character of the
methylation of the genes or of the genome. In this respect,
pathogenic conditions may manifest themselves in a
changed methylation pattern of individual genes or of the
genome.

[0002] The present invention relates to nucleic acids,
oligonucleotides, PNA-oligomers, and to a method for char-
acterisation, classification, differentiation, and/or diagnosis
of prostate lesions, or the predisposition to prostate cancer,
by analysis of the genetic and/or epigenetic parameters of
genomic DNA and, in particular, with the cytosine methy-
lation status thereof.

PRIOR ART

[0003] Prostate cancer is a significant health care problem
in Western countries with an incidence of 180 per 100 000
in the U.S. in 1999 (Cancer J Clin 1999;49:8). Different
screening strategies are employed to improve early detec-
tion, including determination of levels of prostate specific
antigen and digital rectal examination. If a prostate carci-
noma is suspected in a patient, diagnosis of cancer is
confirmed or excluded by the histological and cytological
analysis of biopsy samples for features associated with
malignant transformation. Particularly early stages of pros-
tate carcinoma are often difficult to distinguish from benign
hyperplasia of the prostate by routine histological examina-
tion even if an adequate biopsy is obtained (McNeal J E et
al., Hum Pathol 2001, 32:441-6). Furthermore, small or
otherwise insufficient biopsy samples sometimes impede
routine analysis.

[0004] Molecular markers offer the advantage that even
samples of very small sizes and samples whose tissue
architecture has not been maintained can be analyzed quite
efficiently. Within the last decade numerous genes have been
shown to be differentially expressed between benign hyper-
plastic prostate tumors and different grades of prostate
cancer. However, no single marker has been shown to be
sufficient for the distinction between the two lesions so far.
High-dimensional mRNA based approaches have recently
been shown to be able to provide a better means to distin-
guish between different tumor types and benign and malig-
nant lesions. Application as a routine diagnostic tool in a
clinical environment is however impeded by the extreme
instability of mRNA, the rapidly occurring expression
changes following certain triggers (e.g. sample collection),
and, most importantly, the large amount of mRNA needed
for analysis (Lipshutz, R. J. et al., Nature Genetics 21:20-24,
1999; Bowtell, D. D. L. Nature genetics suppl. 21:25-32,
1999), which often cannot be obtained from a routine biopsy.

[0005] Aberrant DNA methylation within CpG islands is
common in human malignancies leading to abrogation or
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overexpression of a broad spectrum of genes (Jones, P. A.
Cancer Res 65:2463-2467, 1996). Abnormal methylation
has also been shown to occur in CpG rich regulatory
elements in intronic and coding parts of genes for certain
tumours (Chan, M. F.,, et al., Curr Top Microbiol Immunol
249:75-86,2000). Highly characteristic DNA methylation
patterns could also be shown for breast cancer cell lines
(Huang, T. H.-M,, et al., Hum Mol Genet 8:459-470, 1999).

[0006] 5-methyleytosine is the most frequent covalent
base modification in the DNA of eukaryotic cells. It plays a
role, for example, in the regulation of the transcription, in
genetic imprinting, and in tumorigenesis. Therefore, the
identification of 5-methylcytosine as a component of genetic
information is of considerable interest. However, 5-methyl-
cytosine positions cannot be identified by sequencing since
5-methylcytosine has the same base pairing behavior as
cytosine. Moreover, the epigenetic information carried by
5-methylcytosine is completely lost during PCR amplifica-
tion.

[0007] A relatively new and currently the most frequently
used method for analyzing DNA for 5-methylcytosine is
based upon the specific reaction of bisulfite with cytosine
which, upon subsequent alkaline hydrolysis, is converted to
uracil which corresponds to thymidine in its base pairing
behavior. However, 5-methylcytosine remains unmodified
under these conditions. Consequently, the original DNA is
converted in such a manner that methylcytosine, which
originally could not be distinguished from cytosine by its
hybridization behavior, can now be detected as the only
remaining cytosine using “normal” molecular biological
techniques, for example, by amplification and hybridization
or sequencing. All of these techniques are based on base
pairing which can now be fully exploited. In terms of
sensitivity, the prior art is defined by a method which
encloses the DNA to be analyzed in an agarose matrix, thus
preventing the diffusion and renaturation of the DNA
(bisulfite only reacts with single-stranded DNA), and which
replaces all precipitation and purification steps with fast
dialysis (Olek A, Oswald J, Walter J. A modified and
improved method for bisulphite based cytosine methylation
analysis. Nucleic Acids Res. Dec. 15, 1996; 24(24):5064-6,
herein incorporated by reference). Using this method, it is
possible to analyze individual cells, which illustrates the
potential of the method. However, currently only individual
regions of a length of up to approximately 3000 base pairs
are analyzed, a global analysis of cells for thousands of
possible methylation events is not possible. However, this
method cannot reliably analyze very small fragments from
small sample quantities either. These are lost through the
matrix in spite of the diffusion protection.

[0008] An overview of the further known methods of
detecting 5-methylcytosine may be gathered from the fol-
lowing review article: Rein, T., DePamphilis, M. L., Zorbas,
H., Nucleic Acids Res. 1998, 26, 2255, herein incorporated
by reference.

[0009] To date, barring few exceptions (e.g., Zeschnigk
M, Lich C, Buiting K, Doerfler W, Horsthemke B. A
single-tube PCR test for the diagnosis of Angelman and
Prader-Willi syndrome based on allelic methylation differ-
ences at the SNRPN locus. Eur J Hum Genet. March-April
1997; 5(2):94-8) the bisulfite technique is only used in
research. Always, however, short, specific fragments of a
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known gene are amplified subsequent to a bisulfite treatment
and either completely sequenced (Olek A, Walter J. The
pre-implantation ontogeny of the H19 methylation imprint.
Nat Genet. November 1997; 17(3):275-6) or individual
cytosine positions are detected by a primer extension reac-
tion (Gonzalgo M L, Jones P A. Rapid quantitation of
methylation differences at specific sites using methylation-
sensitive single nucleotide primer extension (Ms-SNuPE).
Nucleic Acids Res. Jun. 15, 1997; 25(12):2529-31, WO
95/00669, herein incorporated by reference) or by enzymatic
digestion (Xiong Z, Laird P W. COBRA: a sensitive and
quantitative DNA methylation assay. Nucleic Acids Res.
Jun. 15, 1997; 25(12):2532-4, herein incorporated by refer-
ence). In addition, detection by hybridization has also been
described (Olek et al., WO 99/28498, herein incorporated by
reference).

[0010] Further publications dealing with the use of the
bisulfite technique for methylation detection in individual
genes are: Grigg G, Clark S. Sequencing 5-methylcytosine
residues in genomic DNA. Bioessays. 1994 June;16(6):431-
6, 431; Zeschnigk M, Schmitz B, Dittrich B, Buiting K,
Horsthemke B, Doerfler W. Imprinted segments in the
human genome: different DNA methylation patterns in the
Prader-Willi/Angelman syndrome region as determined by
the genomic sequencing method. Hum Mol Genet. March
1997; 6(3):387-95; Feil R, Charlton J, Bird A P, Walter J,
Reik W. Methylation analysis on individual chromosomes:
improved protocol for bisulphite genomic sequencing.
Nucleic Acids Res. Feb. 25, 1994; 22(4):695-6; Martin V,
Ribieras S, Song-Wang X, Rio M C, Dante R. Genomic
sequencing indicates a correlation between DNA hypom-
ethylation in the 5' region of the pS2 gene and its expression
in human breast cancer cell lines. Gene. May 19, 1995;
157(1-2):261-4; WO 97/46705, WO 95/15373 and WO
97/45560.

[0011] An overview of the Prior Art in oligomer array
manufacturing can be gathered from a special edition of
Nature Genetics (Nature Genetics Supplement, Volume 21,
January 1999), published in January 1999, and from the
literature cited therein.

[0012] Fluorescently labeled probes are often used for the
scanning of immobilized DNA arrays. The simple attach-
ment of Cy3 and Cy5 dyes to the 5'-OH of the specific probe
are particularly suitable for fluorescence labels. The detec-
tion of the fluorescence of the hybridized probes may be
carried out, for example via a confocal microscope. Cy3 and
Cy5 dyes, besides many others, are commercially available.

[0013] Matrix Assisted Laser Desorption lonization Mass
Spectrometry (MALDI-TOF) is a very efficient development
for the analysis of biomolecules (Karas M, Hillenkamp F.
Laser desorption ionization of proteins with molecular
masses exceeding 10,000 daltons. Anal Chem. Oct. 15,
1988; 60(20):2299-301). An analyte is embedded in a light-
absorbing matrix. The matrix is evaporated by a short laser
pulse thus transporting the analyte molecule into the vapor
phase in an unfragmented manner. The analyte is ionized by
collisions with matrix molecules. An applied voltage accel-
erates the ions into a field-free flight tube. Due to their
different masses, the ions are accelerated at different rates.
Smaller ions reach the detector sooner than bigger ones.

[0014] MALDI-TOF spectrometry is excellently suited to
the analysis of peptides and proteins. The analysis of nucleic
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acids is somewhat more difficult (Gut I G, Beck S. DNA and
Matrix Assisted Laser Desorption Ionization Mass Spec-
trometry. Current Innovations and Future Trends. 1995, 1;
147-57). The sensitivity to nucleic acids is approximately
100 times worse than to peptides and decreases dispropor-
tionally with increasing fragment size. For nucleic acids
having a multiply negatively charged backbone, the ioniza-
tion process via the matrix is considerably less efficient. In
MALDI-TOF spectrometry, the selection of the matrix plays
an eminently important role. For the desorption of peptides,
several very efficient matrixes have been found which pro-
duce a very fine crystallization. There are now several
responsive matrixes for DNA, however, the difference in
sensitivity has not been reduced. The difference in sensitiv-
ity can be reduced by chemically modifying the DNA in
such a manner that it becomes more similar to a peptide.
Phosphorothioate nucleic acids in which the usual phos-
phates of the backbone are substituted with thiophosphates
can be converted into a charge-neutral DNA using simple
alkylation chemistry (Gut I G, Beck S. A procedure for
selective DNA alkylation and detection by mass spectrom-
etry. Nucleic Acids Res. Apr. 25, 1995; 23(8):1367-73). The
coupling of a charge tag to this modified DNA results in an
increase in sensitivity to the same level as that found for
peptides. A further advantage of charge tagging is the
increased stability of the analysis against impurities which
make the detection of unmodified substrates considerably
more difficult.

[0015] Genomic DNA is obtained from DNA of cell,
tissue or other test samples using standard methods. This
standard methodology is found in references such as Fritsch
and Maniatis eds., Molecular Cloning: A Laboratory
Manual, 1989.

DESCRIPTION

[0016] The disclosed invention provides a method and
nucleic acids for the differentiation of prostate tumors. It
discloses a means of distinguishing benign prostate hyper-
plasia from prostate carcinoma. This provides a means for
the early detection and treatment of prostate cancer. Fur-
thermore, the disclosed invention presents improvements
over the state of the art in that current methods of prostate
lesion differential diagnosis require the provision of a
sample of sufficient size for histological and cytological
examination. The method according to the present invention
can be used for classification of minute samples.

[0017] The invention provides the chemically modified
genomic DNA, as well as oligonucleotides and/or PNA-
oligomers for detecting cytosine methylations, as well as a
method which is particularly suitable for the classification,
differentiation and/or diagnosis of prostate tumors, or the
predisposition to prostate cancer. The present invention is
based on the discovery that genetic and epigenetic param-
eters and, in particular, the cytosine methylation patterns of
genomic DNA are particularly suitable for classification,
differentiation and/or diagnosis of prostate tumors, in par-
ticular for use in differential diagnosis of prostate cancer.

[0018] This objective is achieved according to the present
invention providing a nucleic acid containing a sequence of
at least 18 bases in length of the chemically pretreated
genomic DNA according to one of Seq. ID No.1 through
Seq. ID No.112, and sequences complementary thereto.
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[0019] The chemically modified nucleic acid could here-
tofore not be connected with the ascertainment of disease
relevant genetic and epigenetic parameters.

[0020] The object of the present invention is further
achieved by an oligonucleotide or oligomer for detecting the
cytosine methylation state in chemically pretreated DNA,
containing at least one base sequence having a length of at
least 9 to 13 nucleotides which hybridizes to a chemically
pretreated genomic DNA according to Seq. ID No.1 through
Seq. ID No.112. The oligomer probes according to the
present invention constitute important and effective tools
which, for the first time, make it possible to ascertain
specific genetic and epigenetic parameters of carcinomas, in
particular, for use in differential diagnosis of prostate tumors
and for diagnosis of predisposition to prostate carcinomas.
The base sequence of the oligomers preferably contains at
least one CpG dinucleotide. The probes may also exist in the
form of a PNA (peptide nucleic acid) which has particularly
preferred pairing properties. Particularly preferred are oli-
gonucleotides according to the present invention in which
the cytosine of the CpG dinucleotide is the 5™-9* nucleotide
from the 5'-end of the 13-mer; in the case of PNA-oligomers,
it is preferred for the cytosine of the CpG dinucleotide to be
the 4™-6™ nucleotide from the 5'-end of the 9-mer.

[0021] The oligomers according to the present invention
are normally used in so called “sets” which contain at least
one oligomer for each of the CpG dinucleotides of the
sequences of Seq. ID No.1 through Seq. ID No.112. Pre-
ferred is a set which contains at least one oligomer for each
of the CpG dinucleotides from one of Seq. ID No.1 through
Seq. ID No.112.

[0022] Moreover, the present invention makes available a
set of at least two oligonucleotides which can be used as
so-called “primer oligonucleotides” for amplifying DNA
sequences of one of Seq. ID No.1 through Seq. ID No.112,
or segments thereof, for example using PCR.

[0023] Inthe case of the sets of oligonucleotides according
to the present invention, it is preferred that at least one
oligonucleotide is bound to a solid phase. It is further
preferred that all the oligonucleotides of one set are bound
to a solid phase.

[0024] The present mvention moreover relates to a set of
at least 10 n (oligonucleotides and/or PNA-oligomers) used
for detecting the cytosine methylation state in chemically
pretreated genomic DNA (Seq. ID No.1 through Seq. ID
No.112). These probes enable classification, differentiation
and/or diagnosis of genetic and epigenetic parameters of
tumors, which are particularly useful in differential diagno-
sis of prostate cancer. Furthermore, the probes enable the
diagnosis of predisposition to prostate cancer. The set of
oligomers may also be used for detecting single nucleotide
polymorphisms (SNPs) in chemically pretreated genomic
DNA according to one of Seq. ID No.1 through Seq. ID
No.112.

[0025] According to the present invention, it is preferred
that an arrangement of different oligonucleotides and/or
PNA-oligomers (a so-called “array”) made available by the
present invention is present in a manner that it is likewise
bound to a solid phase. This array of different oligonucle-
otide- and/or PNA-oligomer sequences can be characterized
in that it is arranged on the solid phase in the form of a
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rectangular or hexagonal lattice. The solid phase surface is
preferably composed of silicon, glass, polystyrene, alumi-
num, steel, iron, copper, nickel, silver, or gold. However,
nitrocellulose as well as plastics such as nylon which can
exist in the form of pellets or also as resin matrices are
possible as well.

[0026] Therefore, a further subject matter of the present
invention is a method for manufacturing an array fixed to a
carrier material for the classification, differentiation and/or
diagnosis of prostate tumors, in particular, differential diag-
nosis of prostate cancer or for the classification, differen-
tiation and/or diagnosis of prostate lesions or the predispo-
sition to prostate carcinoma and/or for the therapy of
prostate carcinoma, in which method at least one oligomer
according to the present invention is coupled to a solid
phase. Methods for manufacturing such arrays are known,
for example, from U.S. Pat. No. 5,744,305 (herein incorpo-
rated by reference) by means of solid-phase chemistry and
photolabile protecting groups.

[0027] A further subject matter of the present invention
relates to a DNA chip for the classification, differentiation
and/or diagnosis of prostate tumors, in particular, differential
diagnosis of prostate cancer or for the classification, differ-
entiation and/or diagnosis of prostate lesions or the predis-
position to prostate carcinoma and/or for the therapy of
prostate carcinoma. Furthermore the DNA chip enables the
diagnosis of predisposition to prostate carcinomas. The
DNA chip contains at least one nucleic acid according to the
present invention. DNA chips are known, for example, for
U.S. Pat. No. 5,837,832, incorporated herein by reference.

[0028] Moreover, a subject matter of the present invention
is a kit which may be composed, for example, of a bisulfite-
containing reagent, a set of primer oligonucleotides contain-
ing at least two oligonucleotides whose sequences in each
case correspond or are complementary to an 18 base long
segment of the base sequences specified in the appendix
(Seq. ID No.1 through Seq. ID No.112), oligonucleotides
and/or PNA-oligomers as well as instructions for carrying
out and evaluating the described method. However, a kit
along the lines of the present invention can also contain only
part of the aforementioned components. Preferred is a kit,
wherein the additional standard methylation assay reagents
are standard reagents for performing a methylation assay
from the group consisting of MS-SNuPE, COBRA, and
combinations thereof.

[0029] The present invention also makes available a
method for ascertaining genetic and/or epigenetic param-
eters of genomic DNA. The method is for use in the
classification, differentiation and/or diagnosis of prostate
tumors, in particular for the differential diagnosis of prostate
cancer and diagnosis of predisposition to prostate cancer.
The method enables the analysis of cytosine methylations
and single nucleotide polymorphisms, including the follow-
ing steps:

[0030] In the first step of the method the genomic DNA
sample must be isolated (ie. obtained) from tissue or
cellular sources. Such sources may include cell lines, his-
tological slides, body fluids, for example blood, sputum,
faeces, urine, cerebrospinal fluid, lymphatic fluid tissue
embedded in paraffin; for example, prostate or lymphatic
tissue. Extraction may be by means that are standard to one
skilled in the art, these include the use of detergent lysates,
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sonification and vortexing with glass beads. Once the
nucleic acids have been extracted the genomic double
stranded DNA is used in the analysis.

[0031] In a preferred embodiment the DNA may be
cleaved prior to the chemical treatment, this may be any
means standard in the state of the art, in particular with
restriction endonucleases.

[0032] Inthe second step of the method, the genomic DNA
sample is chemically treated in such a manner that cytosine
bases which are unmethylated at the 5'-position are con-
verted to uracil, thymine, or another base which is dissimilar
to cytosine in terms of hybridization behavior. This will be
herein understood as “chemical pretreatment”.

[0033] The above described treatment of genomic DNA is
preferably carried out with bisulfite (sulfite, disulfite) and
subsequent alkaline hydrolysis which results in a conversion
of non-methylated cytosine nucleobases to uracil or to
another base which is dissimilar to cytosine in terms of base
pairing behavior.

[0034] Fragments of the chemically pretreated DNA are
amplified, using sets of primer oligonucleotides according to
the present invention, and a, preferably heat-stable poly-
merase. Because of statistical and practical considerations,
preferably more than ten different fragments having a length
of 100-2000 base pairs are amplified. The amplification of
several DNA segments can be carried out simultaneously in
one and the same reaction vessel. Usually, the amplification
is carried out by means of a polymerase chain reaction
(PCR).

[0035] Ina preferred embodiment of the method, the set of
primer oligonucleotides includes at least two olignonucle-
otides whose sequences are each reverse complementary or
identical to an at least 18 base-pair long segment of the base
sequences specified in the appendix (Seq. ID No.1 through
Seq. ID No.112). The primer oligonucleotides are preferably
characterized in that they do not contain any CpG dinucle-
otides. In a particularly preferred embodiment of the
method, the sequence of said primer oligonucleotides are
designed so as to selectively anneal to and amplify, only the
prostate specific DNA of interest, thereby minimizing the
amplification of background or non relevant DNA, i.e. that
the amplification step preferentially amplifies DNA which is
of particularly interest in prostate cells, based on the specific
genomic methylation status of prostate cells, as opposed to
background DNA. In the context of the present invention,
background DNA is taken to mean genomic DNA which
does not have a relevant tissue specific methylation pattern,
in this case the relevant tissue being prostate and prostate
carcinoma tissue. Examples of such primers, used in
Example 2, are contained in Table 1. The amplification of
several DNA segments can be carried out in one reaction
vessel using a polymerase is a heat-resistant DNA poly-
merase.

[0036] According to the present invention, it is preferred
that at least one primer oligonucleotide is bonded to a solid
phase during amplification. The different oligonucleotide
and/or PNA-oligomer sequences can be arranged on a plane
solid phase in the form of a rectangular or hexagonal lattice,
the solid phase surface preferably being composed of sili-
con, glass, polystyrene, aluminium, steel, iron, copper,
nickel, silver, or gold, it being possible for other materials
such as nitrocellulose or plastics to be used as well.
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[0037] In anext preferred step of the method, the methy-
lation status of one or more cytosine positions is identified.
This can be done in a number of ways that are generally
known to the person skilled in the art. Some methods are
described in more detail, below.

[0038] The fragments obtained by means of the amplifi-
cation can carry a directly or indirectly detectable label.
Preferred are labels in the form of fluorescence labels,
radionuclides, or detachable molecule fragments having a
typical mass which can be detected in a mass spectrometer,
it being preferred that the fragments that are produced have
a single positive or negative net charge for better detect-
ability in the mass spectrometer. The detection may be
carried out and visualized by means of matrix assisted laser
desorption/ionization mass spectrometry (MALDI) or using
electron spray mass spectrometry (ESI).

[0039] In a preferred embodiment, the amplificates
obtained in the second step of the method are subsequently
hybridized to an array or a set of oligonucleotides and/or
PNA probes. In this context, the hybridization takes place in
the manner described in the following. The set of probes
used during the hybridization is preferably composed of at
least 10 oligonucleotides or PNA-oligomers. In the process,
the amplificates serve as probes which hybridize to oligo-
nucleotides previously bonded to a solid phase. The non-
hybridized fragments are subsequently removed. Said oli-
gonucleotides contain at least one base sequence having a
length of 13 nucleotides which is reverse complementary or
identical to a segment of the base sequences specified in the
appendix, the segment containing at least one CpG dinucle-
otide. The cytosine of the CpG dinucleotide is the 5™ to 9
nucleotide from the 5'-end of the 13-mer. One oligonucle-
otide exists for each CpG dinucleotide. Said PNA-oligomers
contain at least one base sequence having a length of 9
nucleotides which is reverse complementary or identical to
a segment of the base sequences specified in the appendix,
the segment containing at least one CpG dinucleotide. The
cytosine of the CpG dinucleotide is the 4™ to 6 nucleotide
seen from the 5'-end of the 9-mer. Preferably one oligo-
nucleotide exists for each CpG dinucleotide.

[0040] In the fifth step of the method, the non-hybridized
amplificates are removed.

[0041] In the final step of the method, the hybridized
amplificates are detected. In this context, it is preferred that
labels attached to the amplificates are identifiable at each
position of the solid phase at which an oligonucleotide
sequence is located. In this final step, also an analysis of the
methylation status of the cytosine positions by reference to
one or more data sets can be present.

[0042] According to the present invention, it is preferred
that the labels of the amplificates are fluorescence labels,
radionuclides, or detachable molecule fragments having a
typical mass which can be detected in a mass spectrometer.
The mass spectrometer is preferred for the detection of the
amplificates, fragments of the amplificates or of probes
which are complementary to the amplificates, it being pos-
sible for the detection to be carried out and visualized by
means of matrix assisted laser desorption/ionization mass
spectrometry (MALDI) or using electron spray mass spec-
trometry (ESI). The produced fragments may have a single
positive or negative net charge for better detectability in the
mass spectrometer.
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[0043] The aforementioned method is preferably used for
ascertaining genetic and/or epigenetic parameters of
genomic DNA.

[0044] The oligomers according to the present invention
or arrays thereof as well as a kit according to the present
invention are intended to be used for the classification,
differentiation and/or diagnosis of prostate tumors. More
preferably for the differential diagnosis of prostate tumors,
or diagnosis of predisposition to prostate cancer. According
to the present invention, the method is preferably used for
classification, differentiation and/or diagnosis of important
genetic and/or epigenetic parameters within genomic DNA,
in particular for use in differential diagnosis of prostate
tumors and predisposition to prostate cancer.

[0045] The method according to the present invention is
used, for example, for classification, differentiation and/or
diagnosis of prostate tumors.

[0046] The nucleic acids according to the present inven-
tion of Seq. ID No.1 through Seq. ID No.112 can be used for
classification, differentiation and/or diagnosis of genetic
and/or epigenetic parameters of genomic DNA, in particular
for use in differential diagnosis of prostate tumors.

[0047] The present invention moreover relates to a method
for manufacturing a diagnostic reagent and/or therapeutic
agent for classification, differentiation and/or diagnosis of
prostate tumours and cancer by analyzing methylation pat-
terns of genomic DNA. More preferrably for use in differ-
ential diagnosis of prostate tumors. The diagnostic reagent
and/or therapeutic agent being characterized in that at least
one nucleic acid according to the present invention
(sequence IDs 1 through 112) is used for manufacturing it,
preferably together with suitable additives and auxiliary
agents.

[0048] A further subject matter of the present invention
relates to a diagnostic reagent and/or therapeutic agent for
prostate cancer by analyzing methylation patterns of
genomic DNA, in particular for use in differential diagnosis
of prostate tumors, or diagnosis of the predisposition to
prostate cancer, the diagnostic reagent and/or therapeutic
agent containing at least one nucleic acid according to the
present invention (sequence IDs 1 through 112), preferably
together with suitable additives and auxiliary agents.

[0049] The present invention moreover relates to the diag-
nosis and/or prognosis of events which are disadvantageous
to patients or individuals in which important genetic and/or
epigenetic parameters within genomic DNA, said param-
eters obtained by means of the present invention may be
compared to another set of genetic and/or epigenetic param-
eters, the differences serving as the basis for a diagnosis
and/or prognosis of events which are disadvantageous to
patients or individuals.

[0050] In the context of the present invention the term
“hybridization” is to be understood as a bond of an oligo-
nucleotide to a completely complementary sequence along
the lines of the Watson-Crick base pairings in the sample
DNA, forming a duplex structure.

[0051] The term “functional variants” denotes all DNA
sequences which are complementary to a DNA sequence,
and which hybridize to the reference sequence under strin-
gent conditions.
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[0052] 1In the context of the present invention, “genetic
parameters” are mutations and polymorphisms of genomic
DNA and sequences further required for their regulation. To
be designated as mutations are, in particular, insertions,
deletions, point mutations, inversions and polymorphisms
and, particularly preferred, SNPs (single nucleotide poly-
morphisms).

[0053] In the context of the present invention, “epigenetic
parameters” are, in particular, cytosine methylations and
further chemical modifications of DNA bases of genomic
DNA and sequences further required for their regulation.
Further epigenetic parameters include, for example, the
acetylation of histones which, cannot be directly analyzed
using the described method but which, in turn, correlates
with the DNA methylation.

[0054] 1In the following, the present invention will be
explained in greater detail on the basis of the sequences and
examples with respect to the attached drawing without being
limited thereto.

DESCRIPTION OF FIGURE

[0055] FIG.1

[0056] FIG. 1 shows the separation of benign prostate
hyperplasia (1) and prostate carcinoma (2). High probability
of methylation corresponds to red, uncertainty to black and
low probability to green. The labels on the left side of the
plot are gene and CpG identifiers. The labels on the right
side give the significance (p-value) of the difference between
the means of the two groups. Each row corresponds to a
single CpG and each column to the methylation levels of one
sample. CpGs are ordered according to their contribution to
the distinction to the differential diagnosis of the two lesions
with increasing contribution from top to bottom.

[0057] Seq. ID No.1 trough Seq. ID No.112

[0058] Sequences having odd sequence numbers (e.g.,
Seq. ID No. 1, 3,5, . . . ) exhibit in ¢ach case sequences of
chemically pretreated genomic DNAs. Sequences having
even sequence numbers (e.g., Seq. ID No. 2, 4,6,...)
exhibit in each case the sequences of the chemically pre-
treated genomic DNAs which are complementary to the
preceding sequences (e.g., the complementary sequence to
Seq. ID No.1 is Seq. ID No.2, the complementary sequence
to Seq. ID No.3 is Seq. ID No4, etc.).

[0059] Seq. ID No.113 trough Seq. ID No.116

[0060] Seq. ID No.113 trough Seq. ID No.116 show
sequences of oligonucleotides used in Example 1.

[0061] The following example relates to a fragment of a
gene, in this case, TGF-alpha in which a specific CG-
position is analyzed for its methylation status.

EXAMPLE 1

Methylation Analysis of the Gene TGF-alpha

[0062] The following example relates to a fragment of the
gene TGF-alpha in which a specific CG-position is to be
analyzed for methylation.

[0063] In the first step, a genomic sequence is treated
using bisulfite (hydrogen sulfite, disulfite) in such a manner
that all cytosines which are not methylated at the 5-position
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of the base are modified in such a manner that a different
base is substituted with regard to the base pairing behavior
while the cytosines methylated at the 5-position remain
unchanged.

[0064] If bisulfite solution is used for the reaction, then an
addition takes place at the non-methylated cytosine bases.
Moreover, a denaturating reagent or solvent as well as a
radical interceptor must be present. A subsequent alkaline
hydrolysis then gives rise to the conversion of non-methy-
lated cytosine nucleobases to uracil. The chemically con-
verted DNA is then used for the detection of methylated
cytosines. In the second method step, the treated DNA
sample is diluted with water or an aqueous solution. Pref-
erably, the DNA is subsequently desulfonated. In the third
step of the method, the DNA sample is amplified in a
polymerase chain reaction, preferably using a heat-resistant
DNA polymerase. In the present case, cytosines of the gene
TGF-alpha are analyzed. To this end, a defined fragment
having a length of 531 bp is amplified with the specific
primer oligonucleotides GGTTTGTTTGGGAGGTAAG
(Sequence ID 113) and CCCCCTAAAAACACAAAA
(Sequence ID No. 114). This amplificate serves as a sample
which hybridizes to an oligonucleotide previously bound to
a solid phase, forming a duplex structure, for example
GTTTTTTTCGTTTTAGAG (Sequence ID No. 115), the
cytosine to be detected being located at position 188 of the
amplificate. The detection of the hybridization product is
based on Cy3 and Cy5 fluorescently labelled primer oligo-
nucleotides which have been used for the amplification. A
hybridization reaction of the amplified DNA with the oli-
gonucleotide takes place only if a methylated cytosine was
present at this location in the bisulfite-treated DNA. Thus,
the methylation status of the specific cytosine to be analyzed
is inferred from the hybridization product.

[0065] In order to verify the methylation status of the
position, a sample of the amplificate is further hybridized to
another oligonucleotide previously bonded to a solid phase.
Said olignonucleotide is identical to the oligonucleotide
previously used to analyze the methylation status of the
sample, with the exception of the position in question. At the
position to be analysed said oligonucleotide comprises a
thymine base as opposed to a cytosine base ie
GTTTTTTTTGTTTTAGAG (Sequence ID No. 116). There-
fore, the hybridisation reaction only takes place if an unm-
ethylated cytosine was present at the position to be analysed.
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EXAMPLE 2

Differentiation of Prostate Tumors

[0066] In order to relate the methylation patterns to a
specific tumour type, it is initially required to analyze the
DNA methylation patterns of two groups of patients with
alternative forms of a tumor, in this case one group of benign
prostate hyperplasia and another group of prostate carci-
noma. These analyses were carried out, analogously to
Example 1. The results obtained in this manner are stored in
a database and the CpG dinucleotides which are methylated
differently between the two groups are identified. This can
be carried out by determining individual CpG methylation
rates as can be done, for example, by sequencing, which is
a relatively imprecise method of quantifying methylation at
a specific CpG, or else, in a very precise manner, by a
methylation-sensitive “primer extension reaction”. In a par-
ticularly preferred variant the methylation status of hundreds
or thousands of CpGs may be analysed on an oligomer array.
It is also possible for the patterns to be compared, for
example, by clustering analyses which can be carried out,
for example, by a computer.

[0067] All clinical specimens were obtained at time of
surgery, i.c. in a routine clinical situation (Santourlidis, S.,
Prostate 39:166-174, 1999, Florl, A. R., Br. J. Cancer
80:1312-1321, 1999). A panel of genomic fragments from
56 different genes (listed in Table 1) were bisulphite treated
according to Example I and amplified by PCR. The genomic
DNA was amplified using the primer pairs listed in Table 1.
However, as will be obvious to one skilled in the art, itis also
possible to use other primers that amplify the genomic in an
adequate manner, the design of such primers will be obvious
to one skilled in the art. However the primer pairs as listed
in Table 1 are particularly preferred. Optimal results were
obtained by including at least 8 CpG dinucleotides, the most
informative CpG positions for this discrimination being
located within the TGF-alpha and POMC genes. Most other
CpGs of the panel showed different methylation patterns
between the two phenotypes, too. The results prove that
methylation fingerprints are capable of providing differential
diagnosis of solid malignant tumours and could therefore be
applied in a large number clinical situations. FIG. 1 shows
the application of the described method to distinguish
benign prostate hyperplasia from prostate carcinoma.

TABLE 1

List of genes and primer oligonucleotides according to

Example 2

Name

Genbank Entry

No. (internet

address:

ttp://www.nch
i.nlm.nih.gov) Primer 1

Primer 2

ADCYA
P1

AFP

APOAl

NM_001117 GGTGGATTTATGGTTATT TCCCTCCCTTACCCTTC
TTG AAC

NM_001134 AGGTTTATTGAATATTTA AACATATTTCCACAAC
GG ATCC

NM_000039 GTTGGTGGTGGGGGAGG ACAACCAAAATCTAAA

TAG CTAA
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TABLE l-continued

List of genes and primer oligonucleotides according to

Example 2
Genbank Entry
No. (internet
address:
ttp://www.ncb
Name i.nlm.nih.gov) Primer 1 Primer 2
APQC2 NM 000483 ATGAGTAGAAGAGGTGA CCCTAAATCCCTTTCTT
TAT ACC
ATP5A1 NM_004046 AGTTTGTTTTAATTTATT AACAACATCTTTACAA
GATAGGA TTACTCC
ATP5G1 NM_005175 TGATAGTTTATGATTGTT AATCTCAACCCTCAAC
GA TTCC
ATP6 NC_001807 GGGTATTAGGAATTTAT CAAAACACCTTCCTAA
GIG CTCA
C4B NM 000592 ATTGATAGGTAGTTAGA AAAAAACTCTCATAAA
TTGG TCTCA
c-abl NM 007313 GGTTGGGAGATTTAATTT
ACCAATCCAAACTTIT
TATT CCTT
CD1R3 NM 001766 ATTATGGTTGGAATTGTA ACAAAAACAACAAAC
AT ACCCC
CDC25A  AGAAGTTGTTTAT- AAAATTAAATCCAAAC
NM_001789IGATT
GG AAAC

CDH3

c-fos

c-MOS

c-myc

CRIP1

CSF1

CSNK2B

CTLA4

DAD1

DAPK1

DBCCR1

EGFR

EGR4

NM_001793

NM_005252

NM_005372

NM_002467

NM_001311

NM_000757

NM_001320

NM_005214

NM_001344

NM_004938

NM_ 014618

NM_005228

NM_ 001965

GTTTAGAAGTTTAAGATT CAAAAACTCAACCTCT
AG ATCT

TTTTGAGTTTTAGAATTG AAAAACCCCCTACTCA
TTTTTAG TCTACTA

TTTATTGATTGGGAGTAG CTAATTTTACAAACAT
GT CCTA

AMAGGTTTGGAGGTAGG TTCCTTTCCAAATGCTC
AGT TTT

TTTAGGTTTAGGGTTTAG CCACTCCAAAACTAAT
TT ATCA

TAGGGTTTGGAGGGAAA AAAAATCACCCTAACC
G AAAC

GGGGAAATGGAGAAGTG CTACCAATCCCAAAAT
TAA ARCC

TTTTTATGGAGAGTAGTT TAACTTTACTCACCAA
GG TTAC

TTTTGTTGTTAGAGTAAT ACCTCAATTTCCCCAT
TG TCAC

ATTAATATTATGTAAAGT CTTACAACCATTCACC
GA CACA

ATTTGGAGTTGAAGTATT AACTATACCCAAACAC
TG CTAC

GGGTAGTGGGATATTTA CCAACACTACCCCTCT
GTTTTT AR

AGGGGGATTGAGTGITA CCCAAACATAAACACA
AGT AAAT
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TABLE l-continued

List of genes and primer oligonucleotides according to

Example 2

Genbank Entry
No. (internet
address:

ttp://www.ncb

Name i.nlm.nih.gov) Primer 1 Primer 2

ELK1 NM_005229 AAGTGTTTTAGTTTTTAA CAAACCCAAAACTCAC
TGGGTA CTAT

EREB2 NM_004448 GAGTGATATTTTTATTTT AAAACCCTAACTCAAC
ATGTTTGG TACTCAC

G6E NM_024123 AGGTTGGATTTTGGGTA TCTCCTACTCTCCTAAT
GGT CTC

GP1BB NM_000407 GGTGATAGGAGAATAAT TCTCCCAACTACAACC
GTTGG AAAC

HLA- NM_002119 GAGGTTAAAGGAAGTTT AAACTAAATTCTCCCA

DNA TGGA ATACC

HLA-F NM_018950 TTGTTGTTTTTAGGGGTT TCCTTCCCATTCTCCAA
TTGG ATATC

MLH1 NM_000249 TTTAAGGTAAGAGAATA TTAACCCTACTCTTAT
GGT AACC

HSPA2 NM_021979 AGAGGAGATATTTTTTAT AAAAATCCTACAACAA
GG CTTC
or or
AAGGATAATAATTTGTT CTTAAATACAAACTTA
GGG ATCC

IL13 NM_002188 TTTTTAGGGTAGGGGTTG CCTTATCCCCCATAARC
T CA

l-myc NM_005377 AGGTTTGGGTTATTGAGT CATTATTTCCTAACTA
TT CCTTATATCTC

MC2R NM_000529 ATATTTGATATGTTGGGT ACCTACTACAAAARAAT
AG CATC

ME491/C NM_001780 TGGGAGATATTTAGGAT CTCACCTAAACTTCCC

D63 GTGA ARA

MGMT NM_002412 TTGTGAGGTATTGGGAG ACCCAAACACTCACCA
TTAG AAT

MRP5 NM_005688 ATGAGGTGGGAGGATTG CATCCAAAATTCTAAA
TTT CTAA

N33 NM_006765 TGGAGGAGATATTGTTTT TTTTTCAAATCAAAARC
GT CCTACT

NCL NM_005381 AAGTTGTGTTTTTAAAAG AAAAACTAAACCTACC
GGTTA CAATARA

NEU1 NM_016215 AGGAGGAAGGGTTAATA ATCTTCCTACTACTATC
AAGA TCTAAC

NF1 NM_000267 TTGGGAGAAAGGTTAGT ATCCAAACTCCCAATA
TTT TTCC

n-myc NM_005378 GGAGGAGTATATTTTGG ACAAACCCTACTCCTT
GTTT ACCTC

OAT NM_000274 TGGAGGTGGATTTAGAG ACCAAAACCCCAAARC
GTA AR

POMC NM_000939 AGTTTTTAAATAATGGG ACTCTTCTTICCCCTCCT
GAAAT TC
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TABLE l-continued

List of genes and primer oligonucleotides according to

Example 2

Genbank Entry
No. (internet
address:

ttp://www.ncb

Name i.nlm.nih.gov) Primer 1 Primer 2

PGR NM_000926 AGTTGAAGTTATAAGGG AATAAAAACTCTCAAA
GTG AACC

RD NM_002904 AAGAGTGAGAAGTAGAG CTACTCTCTAAAACTC
GGTT CAAARC

sopl NM_000454 AGGGGAAGAAAAGGTAA CCCACTCTAACCCCAA
GTT ACCA

TGFA NM_003236 GGTTTGTTTGGGAGGTA CCCCCTAAAAACACAA
AG AR

TGFB1 NM_000660 GGGGAGTAATATGGATT CCTTTACTAAACACCT
TGG CCCATA

TNF-beta X02911

TTTTTGTTTTTGATTGAA AAAAACCCCAAAATA

ATAGTAG AACAA

TSP NM 003246 TGGTATTTTTGAGGTAGA CCCTATCTTCCTACAC
TG AAAC

UBB NM 018955 TTAAGTTATTTTAGGTGG ACCAAAATCCTACCAA
AGTTTA TCAC

UNG NM 003362 GTTGGGGTGTTTGAGGA CCTCTCCCCTCTAATTA
A AACA

VEGF NM 003376 TGGGTAATTTTTAGGTTG CCCCAAAAACAAATCA
TGA CTC

WT1l NM 000378 AAAGGGAAATTAAGTGT TAACTACCCTCAACTT
TGT CCC

[0068]

Jun. 19, 2003

SEQUENCE LISTING

The patent application contains a lengthy “Sequence Listing” section. A copy of the “Sequence Listing” is available in
electronic form from the USPTO web site (http://seqdata.uspto.gov/sequence.html?DocID=20030113750). An
electronic copy of the “Sequence Listing” will also be available from the USPTO upon request and payment of the fee

set forth in 37 CFR 1.19(b)(3).

What is claimed:

1. A method for determining genetic and/or epigenetic
parameters for the classification, differentiation and/or diag-
nosis of prostate tumours or the predisposition to prostate
cancer by analysing cvtosine methylations, characterised in
that the following steps are carried out:

a. obtaining a biological sample containing genomic DNA
b. extracting the genomic DNA

c. in the genomic DNA sample, cytosine bases which are
unmethylated at the S-position are converted, by

chemical treatment, to uracil or another base which is
dissimilar to cytosine in terms of hybridisation behav-
iour; and

d. amplifying at least one fragment of the chemically
pretreated genomic DNA using sets of primer oligo-
nucleotides and a polymerase,

wherein the genomic CpG sequences are located within at
least one of the chemically pretreated genomic
sequences according to Seq. ID No.l to Seq. ID
No.112, and sequences complementary thereto.
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2. Method according to claim 1, further comprising the
following steps:

Identification of the methylation status of one or more
cytosine positions; and

Analysis of the methylation status of the cytosine posi-

tions by reference to one or more data sets.

3. Method according to claim 1, wherein the amplification
of the fragments of the chemically pretreated genomic DNA
using scts of primer oligonucleotides and a polymerase is
performed in a way that the amplificates carry a detectable
label.

4. Method according to claim 1, further comprising the
steps of hybridising the amplificates to a least one or more
oligonucleotide and/or PNA probe or to an array, wherein
the base sequence of the oligomers includes at least one CpG
dinucleotide.

5. Method according to claim 1, characterised in that the
amplification step preferentially amplifies DNA which is of
particularly interest in prostate cells, based on the specific
genomic methylation status of prostate cells, as opposed to
background DNA.

6. Method according to claim 1, characterised in that the
chemical treatment is carried out by means of a solution of
a bisulfite, hydrogen sulfite or disulfite.

7. Method according to claim 1, characterised in that more
than ten different fragments having a length of 100-2000
base pairs are amplified.

8. Method according to claim 1, characterised in that the
amplification of several DNA segments is carried out in one
reaction vessel.

9. Method according to claim 1, characterised in that the
polymerase is a heat-resistant DNA polymerase.

10. Method according to claim 1, characterised in that the
amplification is carried out by means of the polymerase
chain reaction (PCR).

11. Method according to claim 3, characterised in that the
labels of the amplificates are fluorescence labels, radionu-
clides, and/or are detachable molecule fragments having a
typical mass which are detected in a mass spectrometer.

12. Method according to claim 1, characterised in that the
amplificates or fragments of the amplificates are detected in
the mass spectrometer.

13. Method according to claim 3, characterised in that the
produced fragments have a single positive or negative net
charge for better detectability in the mass spectrometer.

14. Method according to claim 2 and 3, characterised in
that detection is carried out and visualised by means of
matrix assisted laser desorption/ionization mass spectrom-
etry (MALDI) or using electron spray mass spectrometry

ESI).

( 15). Method according to claim 1, characterised in that the
genomic DNA is obtained from cells or cellular components
which contain DNA, sources of DNA comprising, for
example, cell lines, histological slides, biopsies, blood,
lymphatic fluid, tissue embedded in paraffin; for example,
prostate or lymphatic tissue and all possible combinations
thereof.

16. An oligomer, in particular an oligonucleotide or
peptide nucleic acid (PNA)-oligomer, said oligomer com-
prising in each case at least one base sequence having a
length of at least 9 nucleotides which hybridises to or is
identical to a chemically pretreated genomic DNA according
to one of the Seq ID Nos 1 to 112.

17. The oligomer as recited in claim 16; wherein the base
sequence includes at least one CpG dinucleotide.
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18. The oligomer as recited in claim 17; characterised in
that the cytosine of the CpG dinucleotide is located approxi-
mately in the middle third of the oligomer.

19. A set of oligomers, comprising at least two oligomers
according to claim 16.

20. A set of oligomers as recited in claim 19, comprising
oligomers for detecting the methylation state of all CpG
dinucleotides within one of the sequences according to Seq.
ID Nos. 1 through 112, and sequences complementary
thereto.

21. A set of at least two oligonucleotides as recited in
claim 19, which can be used as primer oligonucleotides for
the amplification of DNA sequences of one of Seq. ID 1
through Seq. ID 112 and sequences complementary thereto
and segments thereof.

22. A set of oligonucleotides as recited in claim 21,
characterised in that at least one oligonucleotide is bound to
a solid phase.

23. Use of a set of oligomer probes comprising at least ten
of the oligomers according to claim 19 for detecting the
cytosine methylation state and/or single nucleotide polymor-
phisms (SNPs) in a chemically pretreated genomic DNA
according to Seq. ID No.1 to Seq. ID No.112 and sequences
complementary thereto.

24. A method for manufacturing an arrangement of dif-
ferent oligomers (array) fixed to a carrier material for
analysing diseases associated with the methylation state of
the CpG dinucleotides of one of the Seq. ID 1 through Seq.
ID 112 and sequences complementary thereto, wherein at
least one oligomer according to claim 16 is coupled to a
solid phase.

25. An arrangement of different oligomers (array) obtain-
able according to claim 24.

26. An array of different oligonucleotide- and/or PNA-
oligomer sequences as recited in claim 25, characterised in
that these are arranged on a plane solid phase in the form of
a rectangular or hexagonal lattice.

27.The array as in claim 25, characterised in that the solid
phase surface is composed of silicon, glass, polystyrene,
aluminium, steel, iron, copper, nickel, silver, or gold.

28. Anucleic acid comprising a sequence at least 18 bases
in length of a segment of the chemically pretreated genomic
DNA according to one of the sequences taken from the
group of Seq. ID No.1 to Seq. ID No.112 and sequences
complementary thereto.

29. A kit comprising a bisulfite (=disulfite, hydrogen
sulfite) reagent as well as oligonucleotides and/or PNA-
oligomers according to claim 16.

30. The kit of claim 29, wherein the additional standard
methylation assay reagents are standard reagents for per-
forming a methylation assay from the group consisting of
MS-SNuPE, COBRA, and combinations thereof.

31. ADNA- and/or PNA-array for analysing prostate cell
proliferative disorders, comprising at least one nucleic acid
according to one of the preceding claims.

32. The use of a nucleic acid according to claim 28, of an
oligonucleotide or PNA-oligomer according to claim 16, of
a kit according to claim 29, of an array according to claim
25, of a set of oligonucleotides according to claim 19 for the
classification, differentiation and/or diagnosis of prostate
lesions or the predisposition to prostate carcinoma and/or for
the therapy of prostate carcinoma.
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