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METHOD AND NUCLEIC ACIDS FOR THE
ANALYSIS OF ASTROCYTOMAS

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of Ser. No.
10/311,507 filed Dec. 16, 2002, which is a U.S. national-
ization of PCT/EP2001/07538 filed Jul. 2, 2001, claims the
benefit of priority to DE 10032529.7 filed Jun. 30, 2000, and
DE 10043826.1 filed Sep. 1, 2000, all of which are incor-
porated by reference herein in their entireties.

FIELD OF THE INVENTION

[0002] 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.

[0003] The present invention relates to nucleic acids,
oligonucleotides, PNA-oligomers, and to a method for the
characterisation, classification, differentiation, grading, stag-
ing, treatment and/or diagnosis of astrocytomas, or the
predisposition to astrocytomas, by analysis of the genetic
and/or epigenetic parameters of genomic DNA and, in
particular, with the cytosine methylation status thereof.

SEQUENCE LISTING

[0004] A Sequence Listing in paper form (233 pages) and
comprising SEQ 1D NOS:1-264 is attached to, and forms a
part of, this application and is incorporated by reference
herein in its entirety.

BACKGROUND OF THE INVENTION

[0005] Itis projected that 17,200 adults will develop brain
tumors within the United States in 2001. Of the various
classes of tumors, gliomas are the most common, of which
astrocytomas are one of the most common. These may be
graded according to the WHO classification into four cat-
egories, pilocytic astrocytomas, low-grade nonpilocytic
astrocytomas, anaplastic gliomas, and glioblastomas multi-
forme. Pilocytic astrocytomas (WHO Grade T) are the most
benign, and are usually found in childhood cases. They
occasionally form cysts, or are enclosed within cysts, and
are slow growing and generally non invasive. Treatment in
the first instance is by surgery, which in some cases may be
followed by radiation therapy. The effectiveness of chemo-
therapy and other forms of treatment are currently being
evaluated.

[0006] Grade IT astrocytomas include fibrillary, gemisto-
cytic and protoplasmic astrocytomas. As opposed to Grade
I tumors they are infiltrative. Treatment, is ideally by com-
plete surgical removal, where possible. In some cases sur-
gery may be supplemented by radiation therapy.
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[0007] A basic property of astrocytic gliomas is an ability
to undergo anaplastic change. This is related to the devel-
opment of serial genetic defects, accounting for the orderly
progression of features of malignancy, i.e. hypercellularity,
anaplasia. Tt is important to make the distinction between
between Grade I pilocytic astrocytomas and diffusely infil-
trating Grade II tumors because, it is only the latter group
that has a propensity to developing into the malignant Grade
11T (e.g. anaplastic astrocytoma) and ultimately Grade IV
(e.g. glioblastome multiforme) tumors.

[0008] Unlike breast and most other forms of cancer, there
are no established guidlines for astrocytoma staging. Diag-
nosis is most often by scan imaging methods (e.g. MRI, CT)
which may be followed by biopsy for histological and
cytological analysis. The distinction between Grade I and
Grade II astrocytomas may not always be clear using such
methods.

[0009] Diagnosis by such methodologies does not utilise
the molecular basis of the progression to malignancy. Fur-
thermore, 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 and
malignant tumors. However, no single marker has been
shown to be sufficient for the distinction between the two
tumors. High-dimensional mRNA based approaches have
recently been shown to be able to provide a better means to
distinguish between different tumor types and benign and
malignant lesions. Application as a routine diagnostic tool in
a clinical environment is however impeded by the extreme
instability of mRNA, the rapidly occuring 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.

[0010] Aberrant DNA methylation within CpG islands is
common in human malignancies leading to abrogation or
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).

[0011] Abnormal methylation of genes has been linked to
the incidence of gliomas (e.g. Epigenetic silencing of PEG?3
gene expression in human glioma cell lines. Maegawa et al.
Mol Carcinog. 2001 May;31(1):1-9.). It has also been shown
that methylation pattern analysis can be correlated with the
development of low grade astrocytomas (Aberrant methy-
lation of genes in low-grade astrocytomas. Costello J F,
Plass C, Cavenee W K. Brain Tumor Pathol. 2000;17(2):49-
56). However, the techniques used in such studies (restric-
tion landmark genomic scanning, imprinting analysis) are
limited to research, they are unsuitable for use in a clinical
or diagnostic setting, and do not provide the basis for the
development of a medium or high throughput method for the
analysis of gliomas.

[0012] 5-methylcytosine is the most frequent covalent
base modification in the DNA of eukaryotic cells. It plays a
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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-methy]l-
cytosine positions cannot be identified by sequencing since
S-methylcytosine has the same base pairing behavior as
cytosine. Moreover, the epigenetic information carried by
5-methylcytosine is completely lost during PCR amplifica-
tion.

[0013] 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. 1996 Dec 15;24(24):5064-6).
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 analy-
sis 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.

[0014] 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.

[0015] 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. 1997 Mar-
Apr;5(2):94-8), the bisulfite technique is only used in
research. Always, however, short, specific fragments of a
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. 1997 Nov;17(3):275-6) or individual cytosine
positions are detected by a primer extension reaction
(Gonzalgo M L, Jones P A. Rapid quantitation of methyla-
tion differences at specific sites using methylation-sensitive
single nucleotide primer extension (Ms-SNuPE). Nucleic
Acids Res. 1997 Jun 15;25(12):2529-31, WO 95/00669) or
by enzymatic digestion (Xiong Z, Laird P W. COBRA: a
sensitive and quantitative DNA methylation assay. Nucleic
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Acids Res. 1997 Jun 15;25(12):2532-4). In addition, detec-
tion by hybridization has also been described (Olek et al.,
WO 99/28498).

[0016] 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 Jun;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. 1997
Mar;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. 1994 Feb 25:22(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. 1995 May
19;157(1-2):261-4; WO 97/46705, WO 95/15373 and WO
97/45560.

[0017] 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.

[0018] 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
detection 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 avail-
able.

[0019] Matrix Assisted Laser Desorption Ionization Mass
Spectrometry (MALDI-TOF) is a very eflicient development
for the analysis of biomolecules (Karas M, Hillenkamp F.
Laser desorption ionization of proteins with molecular
masses exceeding 10,000 daltons. Anal Chem. 1988 Oct
15;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.

[0020] MALDI-TOF spectrometry is excellently suited to
the analysis of peptides and proteins. The analysis of nucleic
acids is somewhat more difficult (Gut I G, Beck S. DNA and
Matrix Assisted Laser Desorption lonization 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
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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. 1995 Apr 25:23(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.

[0021] 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.

SUMMARY OF THE INVENTION

[0022] The disclosed invention provides a method and
nucleic acids for the staging of astrocytomas. It discloses a
means of distinguishing between healthy tissue, pilocytic
astrocytoma (Grade I) and Grade 1I astrocytoma cells. This
provides a means for the improved staging and grading of
brain tumors, at a molecular level, as opposed to currently
used methods of a relatively subjective nature such as
histological analysis and scan imaging. This is of particular
importance due to the different prognosis and treatment of
Grade I and II astrocytoma patients. The disclosed invention
provides the means for the development of a standardised
method of astrocytoma staging, which currently does not
exist. Furthermore, the disclosed invention presents
improvements over the state of the art in that current
methods of histological and cytological analysis require that
the biopsy contain a sufficient amount of tissue. The method
according to the present invention can be used for classifi-
cation of minute samples.

[0023] 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 characterisa-
tion, classification, differentiation, grading, staging, treat-
ment and/or diagnosis of astrocytomas. The present inven-
tion is based on the discovery that genetic and epigenetic
parameters and, in particular, the cytosine methylation pat-
terns of genomic DNA are particularly suitable for charac-
terisation, classification, differentiation, grading, staging,
treatment and/or diagnosis of astrocytomas.

[0024] This objective is achieved according to the present
invention using 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.120.

[0025] The chemically modified nucleic acid could here-
tofore not be connected with the ascertainment of disease
relevant genetic and epigenetic parameters.

[0026] The object of the present invention is further
achieved by an oligonucleotide or oligomer for the analysis
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of chemically pretreated DNA, for detecting the genomic
cytosine methylation state, said oligonucleotide containing
at least one base sequence having a length of at least 13
nucleotides which hybridizes to a chemically pretreated
genomic DNA according to Seq. ID No.1 through Seq. ID
No.120. 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 brain tumors, in particular, for
use in characterisation, classification, differentiation, grad-
ing, staging, treatment and/or diagnosis of astrocytomas.
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.

[0027] 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.120. 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.120.

[0028] 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.120,
or segments thereof.

[0029] 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.

[0030] The present invention 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.120). These probes enable characterisation, classifica-
tion, differentiation, grading, staging and/or diagnosis of
genetic and epigenetic parameters of brain tumors, more
specifically astrocytomas. Furthermore, the probes enable
the diagnosis of predisposition to astrocytomas. 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.120.

[0031] 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
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.
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[0032] Therefore, a further subject matter of the present
invention is a method for manufacturing an array fixed to a
carrier material for the grading, staging, treatment and/or
diagnosis of astrocytomas, 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 by means
of solid-phase chemistry and photolabile protecting groups.

[0033] A further subject matter of the present invention
relates to a DNA chip for the characterisation, classification,
differentiation, grading, staging, treatment and/or diagnosis
of astrocytomas. Furthermore the DNA chip enables the
diagnosis of predisposition to astrocytomas. 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.

[0034] 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 a 18 base long
segment of the base sequences specified in the appendix
(Seq. ID No.1 through Seq. ID No.120), 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.

[0035] 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 grading,
staging, treatment and/or diagnosis of astrocytomas, in par-
ticular for the differentiation of Grade 1 and Grade II tumors.
The method enables the analysis of cytosine methylations
and single nucleotide polymorphisms, including the follow-
ing steps:

[0036] In the first step of the method the genomic DNA
sample must be isolated from tissue or cellular sources. Such
sources may include cell lines, histological slides, body
fluids, for example cerebrospinal fluid or lymphatic fluid, or
tissue embedded in paraffin; for example, brain, central
nervous system or lymphatic tissue. Extraction may be by
means that are standard to one skilled in the art, these
include the use of detergent lysates. sonification and vor-
texing with glass beads. Once the nucleic acids have been
extracted the genomic double stranded DNA is used in the
analysis.

[0037] 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.

[0038] 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
understood as ‘chemical pretreatment’ hereinafter.

[0039] 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.
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[0040] 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).

[0041] Ina preferred embodiment of the method, the set of
primer oligonucleotides includes at least two oligonucle-
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.120). 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
astrocytoma and/or brain tissue specific DNA of interest,
thereby minimizing the amplification of background or non
relevant 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 brain tissue, more
specifically astrocyte or astrocytoma tissue. Examples of
such primers used in the examples are contained in Table 1.

[0042] According to the present invention, it is preferred
that at least one primer oligonucleotide is bound 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, aluminum, steel, iron, copper,
nickel, silver, or gold, it being possible for other materials
such as nitrocellulose or plastics to be used as well.

[0043] 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).

[0044] 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 oligonucleotides previously
bonded to a solid phase. The non-hybridized fragments are
subsequently removed. Said oligonucleotides 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 dinucleotide. The cytosine of



US 2008/0026396 A1l

the CpG dinucleotide is the 5™ to 9™ nucleotide from the
S'-end of the 13-mer. One oligonucleotide 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 oligonucleotide exists for each
CpG dinucleotide.

[0045] In the fifth step of the method, the non-hybridized
amplificates are removed.

[0046] 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.

[0047] 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.

[0048] The aforementioned method is preferably used for
ascertaining genetic and/or epigenetic parameters of
genomic DNA.

[0049] 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 characterisation,
classification, differentiation, grading, staging and/or diag-
nosis of astrocytomas. More preferably for the differentia-
tion of Grade 1 and I1 astrocytomas, or diagnosis of predis-
position to astrocytomas. According to the present
invention, the method is preferably used for the analysis of
important genetic and/or epigenetic parameters within
genomic DNA, in particular for use in characterisation,
classification, differentiation, grading, staging and/or diag-
nosis of astrocytomas, and predisposition to astrocytomas.

[0050] The method according to the present invention is
used, for example, for characterisation, classification, dif-
ferentiation, grading, staging and/or diagnosis of astrocyto-
mas.

[0051] The nucleic acids according to the present inven-
tion of Seq. ID No.1 through Seq. ID No.120 can be used for
characterisation, classification, differentiation, grading, stag-
ing and/or diagnosis of genetic and/or epigenetic parameters
of genomic DNA, in particular for use in differentiation of
Grade I and I1 astrocytomas.

[0052] The present invention moreover relates to a method
for manufacturing a diagnostic reagent and/or therapeutic
agent for characterisation, classification, differentiation,
grading, staging and/or diagnosis of astrocytomas by ana-
lyzing methylation patterns of genomic DNA. The diagnos-
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tic reagent and/or therapeutic agent being characterized in
that at least one nucleic acid according to the present
invention (sequence IDs 1 through 120) is used for manu-
facturing it, preferably together with suitable additives and
auxiliary agents.

[0053] A further subject matter of the present invention
relates to a diagnostic reagent and/or therapeutic agent for
astrocytoma by analyzing methylation patterns of genomic
DNA, in particular for use in differentiation of Grade I and
1T astrocytomas, or diagnosis of the predisposition to brain
tumors, the diagnostic reagent and/or therapeutic agent
containing at least one nucleic acid according to the present
invention (sequence IDs 1 through 120), preferably together
with suitable additives and auxiliary agents.

[0054] The present invention moreover relates to the diag-
nosis and/or prognosis of events which are disadvantageous
or relevant to patients or individuals in which important
genetic and/or epigenetic parameters within genomic DNA,
said parameters obtained by means of the present invention
may be compared to another set of genetic and/or epigenetic
parameters, the differences serving as the basis for a diag-
nosis and/or prognosis of events which are disadvantageous
or relevant to patients or individuals.

[0055] 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.

[0056] 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.

[0057] In 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).

[0058] 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.

[0059] In the context of the present invention, the term
‘treatment’ as applied to astrocytomas is taken to include
planning of suitable methods of patient treatment (e.g.
surgery, radiation therapy, chemotherapy).

BRIEF DESCRIPTION OF THE DRAWINGS

[0060] The patent or application file contains at least one
drawing executed in color. Copies of this patent or patent
application publication with color drawing(s) will be pro-
vided by the Office upon request and payment of the
necessary fee.

[0061] FIG. 1 shows the hybridization of fluorescent
labelled amplificates to a surface bound oligonecleotide.
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[0062] FIG. 2A shows the differentiation of healthy con-
trol samples (labelled 1) and astrocytoma grade I (labelled II)
(FIG. 2A).

[0063] FIG. 2B shows the differentiation of healthy con-
trol sample and astrocytoma grade II (labelled III).

[0064] FIG. 3 shows the differentiation of astrocytoma
grade T (1) and astrocytoma grade 1T (2).

[0065] FIG. 4 shows the separation of astrocytoma grade
1 (I) and astrocytoma grade II (II).

DETAILED DESCRIPTION OF THE
INVENTION

[0066] In the following, the present invention will be
explained in greater detail on the basis of the sequences and
examples with reference to the accompanying figures with-
out being limited thereto.

[0067] FIG. 1 shows the hybridization of fluorescent
labelled amplificates to a surface bound olignonucleotide.
Sample I being from astrocytoma grade 1 (brain tumor)
tissue and sample II being from astrocytoma grade II (brain
tumor) tissue. Flourescence at a spot indicates hybridization
of the amplificate to the olignonucleotide. Hybridization to
a CG olignonucleotide denotes methylation at the cytosine
position being analysed, hybridization to a TG olignonucle-
otide denotes no methylation at the cytosine position being
analysed. It can be seen that Sample I was umethylated for
CG positions (as indicated in example (1-4) of the amplifi-
cates of the genes TGF-alpha (cf. FIG. 1A), MLHI1 (cf. FIG.
1B), NF1 (cf. FIG. 1C) and CSKN2B (FIG. 1D) whereas in
comparison Sample II had a higher degree of methylation at
the same position.

[0068] FIG. 2A shows the differentiation of healthy con-
trol samples (labelled I) and astrocytoma grade I (labelled II)
(FIG. 2A), and healthy control sample and astrocytoma
grade II (labelled I11) (FIG. 2B). High probability of methy-
lation corresponds to red, uncertainty to black and low
probability to green. The labels on the left side of the plot are
gene identifiers, the first 3 digits may be referenced in Table
1. The hybridization was done with Cy5 labelled amplifi-
cates generated by multiplex PCR reactions as shown in
Table 1. The labels on the right side give the significance
(p-value, T-test) 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.

[0069] FIG. 3 shows the differentiation of astrocytoma
grade I (1) and astrocytoma grade II (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 hybridization was done with
Cy5 labelled amplificates generated by multiplex PCR reac-
tions as shown in Table 1. The labels on the right side give
the significance (p-value, T-test) 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.
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[0070] FIG. 4 shows the separation of astrocytoma grade
I (I) and astrocytoma grade II (II). 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 hybridization was done with
Cy5 labelled amplificates of the genes MLHI, TGF-alpha
and NF1, all generated by single gene PCR reactions. Each
row corresponds to a single CpG and each column to the
methylation levels of one sample. CpGs are ordered accord-
ing to their contribution to the distinction to the differential
diagnosis of the two lesions with increasing contribution
from top to bottom.

[0071] Seq. ID No. 1 through Seq. ID No. 120

[0072] Sequences having odd sequence numbers (e.g.,
Seq. ID No. 1, 3, 5, . . . ) exhibit in each 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 chemically pretreated
genomic DNAs. Said genomic DNAs are complementary to
the genomic DNAs from which the preceeding sequence
was derived (e.g., the complementary sequence to the
genomic DNA from which Seq. ID No.1 is derived is the
genomic sequence from which Seq. ID No.2 is derived, the
complementary sequence to the genomic DNA from which
Seq. ID No.3 is derived is the sequence from which Seq. ID
No 4 is derived, etc.)

[0073] Seq. ID No. 121 through Seq. ID No. 136

[0074] Seq.ID No. 121 through Seq. ID No. 136 show the
sequences of oligonucleotides that are used in the following
Examples.

EXAMPLE 1

Methylation Analysis of the Gene TGF-alpha

[0075] The following example relates to a fragment of the
gene TGF-alpha in which a specific CG-position is to be
analyzed for methylation.

[0076] 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
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 S-position remain
unchanged.

[0077] 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 533 bp is amplified with the specific
primer oligonucleotides GGTTTGTTTGGGAGGTAAG
(Sequence ID 121) and CCCCCTAAAAACACAAAA
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(Sequence ID No. 122). The single gene PCR reaction was
performed on a thermocycler (Epperdorf GmbH) using
bisulfite DNA 10 ng, primer 6 pmole each, ANTP 200 uM
each, 1.5 mM MgCI2 and 1 U HotstartTaq (Qiagen AG). The
other conditions were as recommended by the Taq poly-
merase manufacturer. In the multiplex PCR up to 16 primer
pairs were used within the PCR reaction. The multiplex PCR
was done according the single gene PCR with the following
modifications: primer 0.35 pmole each, ANTP 800 uM each
and 4.5 mM MgCI2. The cycle program for single gene PCR
and multiplex PCR was as followed: step 1,14 min 96° C.;
step 2, 60 sec 96° C.; step 3, 45 sec 55° C.; step 4,75 sec
72° C.; step 5, 10 min 72° C.; the step 2 to step 4 were
repeated 39 fold.

[0078] The amplificate serves as a sample which hybrid-
izes to an oligonucleotide previously bound to a solid phase,
forming a duplex structure, for example AAGTTAG-
GCGTTTTTTGT (Sequence ID No. 123), the cytosine to be
detected being located at position 382 of the amplificate. The
detection of the hybridization product is based on Cy3 and
Cy5 fluorescently labelled primer oligonucleotides which
have been used for the amplification. A hybridization reac-
tion of the amplified DNA with the oligonucleotide 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.

[0079] 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 i.e AAGTTAG-
GTGTTTTTTGT (Sequence ID No. 124). Therefore, the
hybridization reaction only takes place if an unmethylated
cytosine was present at the position to be analysed.

EXAMPLE 2

Methylation Analysis of the Gene NF1

[0080] The following example relates to a fragment of the
gene NF1 in which a specific CG-position is to be analyzed
for methylation.

[0081] 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
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.

[0082] 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
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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
NF1 are analyzed. To this end, a defined fragment having a
length of 600 bp is amplified with the specific primer
oligonucleotides TTGGGAGAAAGGTTAGTTTT
(Sequence ID 129) and ATACAAACTCCCAATATTCC
(Sequence ID No. 130). The single gene PCR reaction was
performed on a thermocycler (Epperdorf GmbH) using
bisulfite DNA 10 ng, primer 6 pmole each, dNTP 200 pM
each, 1.5 mM MgCI2 and 1 U HotstartTaq (Qiagen AG). The
other conditions were as recommended by the Taq poly-
merase manufacturer. In the multiplex PCR up to 16 primer
pairs were used within the PCR reaction. The multiplex PCR
was done according the single gene PCR with the following
modifications: primer 0.35 pmole each, ANTP 800 pM each
and 4,5 mM MgCl12. The cycle program for single gene PCR
and multiplex PCR was as followed: step 1,14 min 96° C.;
step 2, 60 sec 96° C.; step 3, 45 sec 55° C.; step 4,75 sec
72° C.; step 5, 10 min 72° C.; the step 2 to step 4 were
repeated 39 fold.

[0083] The amplificate serves as a sample which hybrid-
izes to an oligonucleotide previously bound to a solid phase,
forming a duplex structure, for example AATTAAAACGC-
CCTAAAA (Sequence ID No. 131), the cytosine to be
detected being located at position 24 of the amplificate. The
detection of the hybridization product is based on Cy3 and
Cy5 fluorescently labelled primer oligonucleotides which
have been used for the amplification. A hybridization reac-
tion of the amplified DNA with the oligonucleotide 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.

[0084] 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. AAT-
TAAAACACCCTAAAA (Sequence ID No. 132). There-
fore, the hybridization reaction only takes place if an unm-
ethylated cytosine was present at the position to be analysed.

EXAMPLE 3

Methylation Analysis of the Gene MLH1

[0085] The following example relates to a fragment of the
gene MLH1 in which a specific CG-position is to be
analyzed for methylation.

[0086] 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
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.

[0087] 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
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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
MLHI are analyzed. To this end, a defined fragment having
a length of 568 bp is amplified with the specific primer
oligonucleotides TTTAAGGTAAGAGAATAGGT
(Sequence ID 133) and TTAACCCTACTCTTATAACC
(Sequence ID No. 134). The single gene PCR reaction was
performed on a thermocycler (Epperdorf GmbH) using
bisulfite DNA 10 ng, primer 6 pmole each, ANTP 200 uM
each, 1.5 mM MgCI2 and 1 U HotstartTaq (Qiagen AG). The
other conditions were as recommended by the Taq poly-
merase manufacturer. In the multiplex PCR up to 16 primer
pairs were used within the PCR reaction. The multiplex PCR
was done according the single gene PCR with the following
modifications: primer 0.35 pmole each, ANTP 800 uM each
and 4,5 mM MgCI2. The cycle program for single gene PCR
and multiplex PCR was as followed: step 1,14 min 96° C.;
step 2, 60 sec 96° C.; step 3, 45 sec 55° C.; step 4 ,75 sec
72° C.; step 5, 10 min 72° C.; the step 2 to step 4 were
repeated 39 fold.

[0088] The amplificate serves as a sample which hybrid-
izes to an oligonucleotide previously bound to a solid phase,
forming a duplex structure, for example TTGTAG-
GACGTTTATATG (Sequence ID No. 135), the cytosine to
be detected being located at position 125 of the amplificate.
The detection of the hybridization product is based on Cy3
and Cy5 fluorescently labelled primer oligonucleotides
which have been used for the amplification. A hybridization
reaction of the amplified DNA with the oligonucleotide
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.

[0089] 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 i.e TTGTAG-
GATGTTTATATG (Sequence ID No. 136). Therefore, the
hybridization reaction only takes place if an unmethylated
cytosine was present at the position to be analysed.

EXAMPLE 4

Methylation Analysis of the Gene CSNK2B

[0090] The following example relates to a fragment of the
gene CSNK2B in which a specific CG-position is to be
analyzed for methylation.

[0091] 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 1s substituted with regard to the base pairing behavior
while the cytosines methylated at the 5-position remain
unchanged.

[0092] 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
CSNK2B are analyzed. To this end, a defined fragment
having a length of 524 bp is amplified with the specific
primer oligonucleotides GGGGAAATGGAGAAGTGTAA
(Sequence ID 125) and CTACCAATCCCAAAATAACC
(Sequence ID No. 126).The single gene PCR reaction was
performed on a thermocycler (Epperdorf GmbH) using
bisulfite DNA 10 ng, primer 6 pniole each, dNTP 200 pM
each, 1.5 mM MgCI2 and 1 U HotstartTaq (Qiagen AG). The
other conditions were as recommended by the Taq poly-
merase manufacturer. In the multiplex PCR up to 16 primer
pairs were used within the PCR reaction. The multiplex PCR
was done according the single gene PCR with the following
modifications: primer 0.35 pmole each, ANTP 800 pM each
and 4,5 mM MgCl2. The cycle program for single gene PCR
and multiplex PCR was as followed: step 1,14 min 96° C.;
step 2, 60 sec 96° C.; step 3, 45 sec 55° C.; step 4 ,75 sec
72° C.; step 5, 10 min 72° C.; the step 2 to step 4 were
repeated 39 fold.

[0093] The amplificate serves as a sample which hybrid-
izes to an oligonucleotide previously bound to a solid phase,
forming a duplex structure, for example TAGGTTAGCG-
TATTGGGA (Sequence ID No. 127), the cytosine to be
detected being located at position 50 of the amplificate. The
detection of the hybridization product is based on Cy3 and
Cy5 fluorescently labelled primer oligonucleotides which
have been used for the amplification. A hybridization reac-
tion of the amplified DNA with the oligonucleotide 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.

[0094] 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 i.e. TAGGT-
TAGTGTATTGGGA (Sequence 1D No. 128). Therefore, the
hybridization reaction only takes place if an unmethylated
cytosine was present at the position to be analysed.
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EXAMPLE 5

Differentiation of Healthy Samples and
Astrocytoma Grade 1 and Grade 1I Tumours
Isolated From Cerebrum

[0095] In order to relate the methylation patterns to a
specific tumour type, it is initially required to comparatively
analyze the DNA methylation patterns of two groups of
patients with alternative forms of a tumor, in this case one
group of astrocytoma grade 1 and another group of astrocy-
toma grade II, with those of healthy tissue (FIGS. 2A and B).
These analyses were carried out, analogously to Examples
1-4. 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, as illustrated in the preceeding
examples 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.

[0096] All clinical specimens were obtained at time of
surgery, i.. 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
64 different genes (listed in Table 1) were bisulphite treated
and amplified by 6 sets of multplex PCRs (mPCR) according
to Example 1 . The mPCR reactions (I,J,K,[,M,N) of the
genomic, bisulphite treated DNA was done using the com-
bination of primer pairs as indicated in Table 1. However, as
will be obvious to one skilled in the art, it is also possible to
use other primers that amplify the genomic, bisulphite
treated DNA in an adequate manner. However the primer
pairs as listed in Table 1 are particularly preferred. In order
to differentiate astrocytoma grade I from healthy control
samples optimal results were obtained by including at least
6 CpG dinucleotides, the most informative CpG positions
for this discrimination being located within the OAT, GP1B,
cMyc.UNG,TIMP3 and cABL genes (cf. FIG. 2A, Tabl). In
order to differentiate astrocytoma grade I from healthy
control samples optimal results were obtained by including
at least 6 CpG dinucleotides, the most informative CpG
positions for this discrimination being located within the
cMyc, EGR4, ApoAl, AR and heatshock genes (cf. FIG. 2B,
Tabl). In addition, the majority of the analysed CpG
dinucleotides of the panel showed different methylation
patterns between the two phenotypes. 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.

EXAMPLE 6

Differentiation of Astrocytoma Grade I and Grade
II Tumours

[0097] 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
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alternative forms of a tumor, in this case one group of
astrocytoma grade I and another group of astrocytoma grade
1I. 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, as illustrated in examples 1 to 4
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.

[0098] All clinical specimens were obtained at time of
surgery, i.e. 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
and amplified by 6 sets of multplex PCRs (mPCR), named
LIK,L.M and N, in Table 1, according to Example 1. The
mPCR reactions of the genomic, bisulphite treated DNA was
done using the combination of primer pairs as indicated in
Table 1. It will be obvious to one skilled in the art, that it is
also possible to use other primers that amplify the genomic,
bisulphite treated DNA in an adequate manner. 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 CSKNB2, NF1,
M1H, EGR4, AR; TGF-alpha, and APOC2 genes (cf. FIG.
3). In addition, the majority of the analysed CpG dinucle-
otides of the panel showed different methylation patterns
between the two phenotypes. The results prove that methy-
lation fingerprints are capable of providing differential diag-
nosis of solid malignant tumours and could therefore be
applied in a large number clinical situations.

EXAMPLE 7

Differentiation of Astrocytoma Grade I and Grade
1T Tumours Using DNA Fragments Derived From
TGF-alpha, NF1 and MIH1 Gene

[0099] The methylation patterns of CpG islands derived
from TGF-alpha, NF1 and M1HI1 genes were analysed. In
order to evaluate the genes, already identified differentiating
astrocytoma grade I and grade II tumours in the class
prediction approach (cf. Example 6) The genes TGF-alpha,
NF1 and M1H1 gene were amplified from genomic bisulfite
treated DNA as described in examples 1,2 and 3. The DNA
was prepared from tissue samples of two groups of patients
with alternative forms of a tumor, in this case one group of
astrocytoma grade I and another group of astrocytoma grade
11. Optimal results were obtained by including at least 6 CpG
dinucleotides, the most informative CpG positions for this
discrimination being located within the TGF-alpha and NF1
and M1H1 genes (cf. FIG. 4). The results further validate the
results of methylation fingerprints shown in example 6.
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GENE

ID (in MPCR

List of genes, reference numbers and primer
oligonucleotides according to Examples 1-7 and FIGS. 1-4.

FIGS.) SET GENE PCR PRIMER PCR PRIMER
81 N ADCYAP1 GGTGGATTTATGGTTATTTTG TCCCTCCCTTACCCTTCAAC
SEQ ID NO: 137 SEQ ID NO: 138
292 K AFP AGGTTTATTGAATATTTAGG AACATATTTCCACAACATCC
SEQ ID NOS: 1, 2 SEQ ID NO: 139 SEQ ID NO: 140
85 L ANT1 GTTTAAGGTTGTTTGTGTTATAAAT CCTCCTCCCAACTACAAAA
SEQ ID NOS: 89, 90 SEQ ID NO: 141 SEQ ID NO: 142
48 L APOAl GTTGGTGGTGGGGGAGGTAG ACAACCAAAATCTAAACTAA
SEQ ID NOS: 3, SEQ ID NO: 143 SEQ ID NO: 144
50 N APOC2 ATGAGTAGAAGAGGTGATAT CCCTAAATCCCTTTCTTACC
SEQ ID NOS: 5, SEQ ID NO: 145 SEQ ID NO: 146
87 K AR GTAGTAGTAGTAGTAAGAGA ACCCCCTAAATAATTATCCT
SEQ ID NOS: 99, 100 SEQ ID NO: 147 SEQ ID NO: 148
1143 L ATP5Al AGTTTGTTTTAATTTATTGATAGGA AACAACATCTTTACAATTACTCC
SEQ ID NOS: 7, SEQ ID NO: 149 SEQ ID NO: 150
1011 L CABL GGTTGGGAGATTTAATTTTATT ACCAATCCAAACTTTTCCTT
SEQ ID NOS: 9, 10 SEQ ID NO: 151 SEQ ID NO: 152
77 L CDlA ATTATGGTTGGAATTGTAAT ACAAAAACAACAAACACCCC
SEQ ID NOS: 11, 12 SEQ ID NO: 153 SEQ ID NO: 154
1079 L CDé63 TGGGAGATATTTAGGATGTGA CTCACCTAAACTTCCCAAA
SEQ ID NOS: 13, 14 SEQ ID NO: 155 SEQ ID NO: 156
99 M CDC25A AGAAGTTGTTTATTGATTGG AAAATTAAATCCAAACAAAC
SEQ ID NOS: 15, 16 SEQ ID NO: 157 SEQ ID NO: 158
187 L CDH3 GTTTAGAAGTTTAAGATTAG CAAAAACTCAACCTCTATCT
SEQ ID NOS: 17, 18 SEQ ID NO: 159 SEQ ID NO: 160
88 K CDK4 TTTTGGTAGTTGGTTATATG AAAAATAACACAATAACTCA
SEQ ID NOS: 91, 92 SEQ ID NO: 161 SEQ ID NO: 162
310 I CFOS TTTTGAGTTTTAGAATTGTTTTTAG AAAAACCCCCTACTCATCTACTA
SEQ ID NOS: 19, 20 SEQ ID NO: 163 SEQ ID NO: 164
1034 L CMYC TTTTGTGTGGAGGGTAGTTG CCCCAAATAAACAAAATAACC
SEQ ID NOS: 21, 22 SEQ ID NO: 165 SEQ ID NO: 166
312 K CMYC TTGTTTTTGTGGAAAAGAGG TTTCAATCTCAAAACTCAACC
SEQ ID NOS: 21, 22 SEQ ID NO: 167 SEQ ID NO: 168
313 I CMYC AAAGGTTTGGAGGTAGGAGT TTCCTTTCCAAATCCTCTTT
SEQ ID NOS: 21, 22 SEQ ID NO: 169 SEQ ID NO: 170
37 M CRIP1 TTTAGGTTTAGGGTTTAGTT CCACTCCAAAACTAATATCA
SEQ ID NOS: 23, 24 SEQ ID NO: 171 SEQ ID NO: 172
70 N CSF1 TAGGGTTTGGAGGGAAAG AAAAATCACCCTAACCAAAC
SEQ ID NOS: 25, 26 SEQ ID NO: 173 SEQ ID NO: 174
78 M CSNK2B GGGGAAATGGAGAAGTGTAA CTACCAATCCCAAAATAACC
SEQ ID NOS: 27, 28 SEQ ID NO: 175 SEQ ID NO: 176
272 N CTLA4 TTTTTATGGAGAGTAGTTGG TAACTTTACTCACCAATTAC
SEQ ID NOS: 29, 30 SEQ ID NO: 177 SEQ ID NO: 178
287 K DAD1 TTTTGTTGTTAGAGTAATTG ACCTCAATTTCCCCATTCAC
SEQ ID NOS: 31, 32 SEQ ID NO: 179 SEQ ID NO: 180
147 I DAPK1 ATTAATATTATGTAAAGTGA CTTACAACCATTCACCCACA
SEQ ID NOS: 33, 34 SEQ ID NO: 181 SEQ ID NO: 182
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GENE

ID (in MPCR

List of genes, reference numbers and primer
oligonucleotides according to Examples 1-7 and FIGS. 1-4.

FIGS.) SET GENE PCR PRIMER PCR PRIMER
319 J E-CADHERIN GGGTGAAAGAGTGAGTTTITATTT  ACTCCAAAAACCCATAACTAA
SEQ ID NOS: 93, 94  SEQ ID NO: 183 SEQ ID NO: 184
63 M EGFR GGTGTTTGATAAGATTTGAAG CCCTTACCTTTCTTTTCCT
SEQ ID NOS: 35, 36  SEQ ID NO: 185 SEQ ID NO: 185
311 I EGFR GGGTAGTGGGATATTTAGTTTTT  CCAACACTACCCCTCTAA
SEQ ID NOS: 35, 36  SEQ ID NO: 187 SEQ ID NO: 188
82 M EGR4 AGGGGGATTGAGTGTTAAGT CCCARACATAAACACAAAAT
SEQ ID NOS: 35, 36  SEQ ID NO: 189 SEQ ID NO: 190
1012 L ELKI AAGTGTTTTAGTTTTTAATGGGTA  CAAACCCAAAACTCACCTAT
SEQ ID NOS: 39, 40  SEQ ID NO: 191 SEQ ID NO: 192
307 J ERBB2 GAGTGATATTTTTATTTTATGTTTGG AAAACCCTAACTCAACTACTCAC
SEQ ID NOS: 41, 42  SEQ ID NO: 193 SEQ ID NO: 194
308 K ERBB2 GAGTTTGGGAGTTTAAGATTAGT  TCAACTTCACAACTTCATTCTTAT
SEQ ID NOS: 41, 42  SEQ ID NO: 195 SEQ ID NO: 195
130 N GP1B GGTGATAGGAGAATAATGTTGG TCTCCCAACTACAACCARAC
SEQ ID NOS: 43, 44  SEQ ID NO: 197 SEQ ID NO: 198
290.2 M HEAT SHOCK AGAGGAGATATTTTTTATCG ARAAATCCTACAACAACTTC
SEQ ID NOS: 45, 46  SEQ ID NO: 199 SEQ ID NO: 200
290.3 J HEAT SHOCK AAGGATAATAATTTGTTGGG CTTARATACAAACTTAATCC
SEQ ID NOS: 45, 46  SEQ ID NO: 201 SEQ ID NO: 202
89 I HUMOS TTTATTGATTGGGAGTAGGT CTAATTTTACAAACATCCTA
SEQ ID NOS: 47, 48  SEQ ID NO: 203 SEQ ID NO: 204
1083 N IL13 TTTTTAGGGTAGGGGTTGT CCTTATCCCCCATAACCA
SEQ ID NOS: 49, 50  SEQ ID NO: 205 SEQ ID NO: 205
1010 L LMYC AGGTTTGGGTTATTGAGTTT CATTATTTCCTAACTACCT-
TATATCTC
SEQ ID NOS: 51, 52  SEQ ID NO: 207 SEQ ID NO: 208
291 L MC2R ATATTTGATATGTTGGGTAG ACCTACTACAAAAAATCATC
SEQ ID NOS: 53, 54  SEQ ID NO:209 SEQ ID NO: 210
314.2 I MGMT AAGGTTTTAGGGAAGAGTGTTT ACTCCCAATACCTCACAATATAAC
SEQ ID NOS: 55, 56  SEQ ID No: 211 SEQ ID NO: 212
427 K MHC GGGTATTAGGAATTTATGTG CAAAACACCTTCCTAACTCA
SEQ ID NOS: 103, 104 SEQ ID NO: 213 SEQ ID NO:214
401 I MHC TTGTTGTTTTTAGGGGTTTTGG TCCTTCCCATTCTCCAAATATC
SEQ ID NOS: 105, 106 SEQ ID NO: 215 SEQ ID NO: 215
458 M MHC AAGAGTGAGAAGTAGAGGGTT CTACTCTCTAAAACTCCAAAC
SEQ ID NOS: 107, 108 SEQ ID No: 217 SEQ ID NO: 218
487 M MHC GAGGTTAAAGGAAGTTTTGGA AAACTAAATTCTCCCAATACC
SEQ ID NOS: 109, 110 SEQ ID NO: 219 SEQ ID NO: 220
465 L MHC ATTGATAGGTAGTTAGATTGG AAAAAACTCTCATAAATCTCA
SEQ ID NOS: 111, 112 SEQ ID NO: 221 SEQ ID NO: 222
451 M MHC AGGAGGAAGGGTTAATAAAGA ATCTTCCTACTACTATCTCTAAC
SEQ ID NOS: 113, 114 SEQ ID NO: 223 SEQ ID NO: 224
441 M MHC AGGTTGGATTTTGGGTAGGT TCTCCTACTCTCCTAATCTC
SEQ ID NOS: 115, 116 SEQ ID NO: 225 SEQ ID NO: 225§
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List of genes, reference numbers and primer
oligonucleotides according to Examples 1-7 and FIGS. 1-4.

GENE
ID (in MPCR
FIGS.) SET GENE PCR PRIMER PCR PRIMER
160 M MLH1 TTTAAGGTAAGAGAATAGGT TTAACCCTACTCTTATAACC
SEQ ID NOS: 57, 58 SEQ ID NO: 227 SEQ ID NO: 228
94 N N33 TGGAGGAGATATTGTTTTGT TTTTTCAAATCAAAACCCTACT
SEQ ID NOS: 59, 60 SEQ ID NO: 229 SEQ ID NO: 230
302 J NF1 TTGGGAGAAAGGTTAGTTTT ATACAAACTCCCAATATTCC
SEQ ID NOS: 61, 62 SEQ ID NO: 231 SEQ ID NO: 232
1009 L NMYC GGAGGAGTATATTTTGGGTTT ACAAACCCTACTCCTTACCTC
SEQ ID NOS: 63, 64 SEQ ID NO: 233 SEQ ID NO: 234
1018 N NUC AAGTTGTGTTTTTAAAAGGGTTA ARAARACTAAACCTACCCAATAA
SEQ ID NO: 235 SEQ ID NO: 236
1007 N OAT TGGAGGTGGATTTAGAGGTA ACCAAAACCCCAARACAA
SEQ ID NOS: 67, 68 SEQ ID NO: 237 SEQ ID NO: 238
304 J Plé AGGGGTTGGTTGGTTATTAG TAATTCCAATTCCCCTACAA
SEQ ID NOS: 95, 96 SEQ ID NO: 239 SEQ ID NO: 240
305 J P53 GTGATAAGGGTTGTGAAGGA CAAAAACTTACCCAATCCAA
SEQ ID NOS: 101, 102 SEQ ID NO: 241 SEQ ID NO: 242
1069 N POMC AGTTTTTAAATAATGGGGAAAT ACTCTTCTTCCCCTCCTTC
SEQ ID NOS: 69, 70 SEQ ID NO: 243 SEQ ID NO: 244
177 N PRG AGTTGAAGTTATAAGGGGTG AATAAAAACTCTCAAAAACC
SEQ ID NOS: 71, 72 SEQ ID NO: 245 SEQ ID NO: 246
26 K SsoD1 AGGGGAAGAAAAGGTAAGTT CCCACTCTAACCCCAAACCA
SEQ ID NOS: 73,74 SEQ ID NO: 247 SEQ ID NO: 248
303 I TGF-A GGITTGTITTGGGAGGTAAG CCCCCTAAARACACARAAA
SEQ ID NOS: 75, 76 SEQ ID NO: 249 SEQ ID NO: 250
301 J TGF-Bl1 GGGGAGTAATATGGATTTGG CCTTTACTAAACACCTCCCATA
SEQ ID NOS: 77, 78 SEQ ID NO: 251 SEQ ID NO: 252
317 I TIMP3 GTAAGGGTTTTGTGTTGTTT CCCCCTCAAACCAATAAC
SEQ ID NOS: 97, 98 SEQ ID NO: 253 SEQ ID NO: 254
128 N TNFB TTTTTGTTTTTGATTGAAATAGTAG AAAAACCCCAAAATAAACAA
SEQ ID NO: 255 SEQ ID NO: 256
35 L UEB TTAAGTTATTTTAGGTGGAGTTTA  ACCAAAATCCTACCAATCAC
SEQ ID NOS: 81, 82 SEQ ID NO: 257 SEQ ID NO: 258
1140 N UNG GTTGGGGTGTTTGAGGAA CCTCTCCCCTCTAATTAAACA
SEQ ID NOS: 83, 84 SEQ ID NO: 259 SEQ ID NO: 260
300 J VEGF TGGGTAATTTTTAGGTTGTGA CCCCAAAAACAAATCACTC
SEQ ID NOS: 85, 86 SEQ ID NO: 261 SEQ ID NO: 262
188 K WT1 AAAGGGAAATTAAGTGTTGT TAACTACCCTCAACTTCCC
SEQ ID NOS: 87, 88 SEQ ID NO: 263 SEQ ID NO: 264
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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/?pageRequest=docDetail&DocID=US20080026396A1).
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).

1. A method for determining genetic and/or epigenetic
parameters for the characterisation, classification, differen-
tiation, grading, staging, treatment and/or diagnosis of astro-
cytomas, or the predisposition to astrocytomas by analysing
cytosine methylations, characterised in that the following
steps are carried out:

a) obtaining a biological sample containing genomic
DNA,

b) extracting the genomic DNA,

¢) in said genomic DNA sample, cytosine bases which are
unmethylated at the 5-position are converted, by
chemical treatment, to uracil or another base which is
dissimilar to cytosine in terms of hybridization behav-
ior;

d) fragments of the chemically pretreated genomic DNA
are amplified using sets of primer oligonucleotides and
a polymerase, the amplificates carrying a detectable
label,

e) identifying the methylation status of one or more
cytosine positions, and

) analysis of the methylation status of the cytosine
positions by reference to one or more data sets,

wherein said cytosine bases of said genomic CpG
sequences are located within at least one of the genes
associated with astrocytomas, or the predisposition to
astrocytomas according to one of the sequences taken
from the group of Seq. ID No.1 to Seq. ID No.120
and/or sequences of a chemically pretreated DNA of
genes according to table 1 and sequences complemen-
tary thereto and segments thereof.

2. Method according to claim 1, characterised in that the
amplification step preferentially amplifies DNA which is of
particularly interest in astrocytoma or brain tissue, based on
the specific genomic methylation status of brain tissues, as
opposed to background DNA.

3. Method according to claim 1, further comprising the
step of hybridising the amplificates to a set of oligomers
(oligonucleotides and/or PNA probes) or to an array,
wherein the base sequence of the oligomers includes at least
one CpG dinucleotide.

4. 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.

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

6. 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, biopsies, blood, lymphatic fluid, sputum,
stool, urine, cerebral-spinal fluid, tissue embedded in par-
affin such as tissue from eyes, intestine, kidney, brain, heart,
prostate, lung, breast or liver, histologic object slides, and all
possible combinations thereof.

7. Method according to claim 1, further comprising the
step of performing a characterisation, classification, differ-
entiation, grading, staging, treatment and/or diagnosis of a
disease associated with astrocytomas or the predisposition to
astrocytomas.

8. An oligomer, in particular an oligonucleotide or peptide
nucleic acid (PNA)-oligomer, said oligomer comprising 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 DNA of genes associated with astro-
cytomas or the predisposition to astrocytomas according to
one of the Seq. ID No.1 to Seq. ID No.120 or to the genomic
sequence of genes according to table 1 and sequences
complementary thereto, wherein the base sequence of said
oligomers is not identical to the genomic sequence of one of
the Seq. ID No. 1 to Seq. ID No. 120 or to the genomic
sequence of genes according to table 1 and sequences
complementary thereto.

9. The oligomer as recited in claim 8; wherein the base
sequence includes at least one CpG dinucleotide, the
cytosine of the CpG dinucleotide being located in the middle
third of the oligomer.

10. A kit useful for the diagnosis of diseases associated
with astrocytomas or the predisposition to astrocytomas,
comprising a) a bisulfite (=disulfite, hydrogen sulfite)
reagent, and b) oligonucleotides and/or PNA-oligomers
according to claim 8.

11. Kit according to claim 10, which contains further
reagents for performing a methylation assay from the group
consisting of MS-SNuPE and COBRA.

12. A nucleic acid comprising a sequence at least 18 bases
in length of a segment of the chemically pretreated DNA of
genes associated with astrocytomas or the predisposition to
astrocytomas according to one of the Seq. ID No. 1 to Seq.
ID No. 120 and sequences complementary thereto, wherein
the base sequence of said nucleic acid is not identical to the
genomic sequence of one of the Seq. ID No. 1 to Seq. ID No.
120.
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